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Preface 

T h e first c h a p t e r does s o m e o f the w o r k o f a P r e f a c e , i n e x p l a i n i n g 

w h a t the b o o k does a n d does no t set o u t to a c c o m p l i s h , so I c a n be b r i e f he re . 

I t is no t a t e x t b o o k , n o r an i n t r o d u c t i o n to an e s t ab l i shed f ie ld. I t is a 

persona l look a t the e v o l u t i o n o f life, a n d in p a r t i c u l a r a t the l o g i c o f n a t u r a l 

se lect ion a n d the l eve l i n the h i e r a r c h y o f life a t w h i c h n a t u r a l s e l ec t ion c a n 

be said to a c t . I h a p p e n to be an e tho log i s t , b u t I h o p e p r e o c c u p a t i o n s w i t h 

a n i m a l b e h a v i o u r w i l l not b e too n o t i c e a b l e . T h e i n t e n d e d s c o p e o f the b o o k 

is w i d e r . 

T h e readers for w h o m I a m m a i n l y w r i t i n g a re m y profess iona l c o l l e a g u e s , 

e v o l u t i o n a r y b io log i s t s , e tho log i s t s a n d soc iob io l og i s t s , e c o l o g i s t s , a n d 

ph i losophers a n d h u m a n i s t s in te res ted i n e v o l u t i o n a r y s c i e n c e , i n c l u d i n g , o f 

course , g r a d u a t e a n d u n d e r g r a d u a t e s tuden t s i n a l l these d i sc ip l ines . 

T h e r e f o r e , a l t h o u g h this b o o k i s i n s o m e w a y s the s e q u e l t o my p r e v i o u s 

b o o k , The Selfish Gene, i t a s sumes tha t the r e a d e r has profess iona l k n o w l e d g e 

o f e v o l u t i o n a r y b i o l o g y a n d its t e c h n i c a l t e rms . On the o t h e r h a n d i t i s 

possible to en joy a profess ional b o o k as a spec t a to r , e v e n if no t a p a r t i c i p a n t 

i n the profess ion. S o m e l a y p e o p l e w h o read this b o o k in draf t h a v e b e e n k ind 

e n o u g h , o r po l i t e e n o u g h , t o c l a i m to h a v e l iked it. I t w o u l d g i v e me g r e a t 

sat isfact ion to b e l i e v e t h e m , a n d I h a v e a d d e d a g lo s sa ry of t e c h n i c a l t e rms 

w h i c h I h o p e m a y h e l p . I h a v e also t r ied to m a k e the b o o k as n e a r as poss ib le 

t o b e i n g e n j o y a b l e t o r e a d . T h e r e su l t ing tone m a y poss ib ly i r r i t a te s o m e 

serious profess ionals . I v e r y m u c h h o p e not , b e c a u s e ser ious profess ionals a re 

the p r i m a r y a u d i e n c e to w h o m I w i sh to speak . I t i s as i m p o s s i b l e to p l ease 

e v e r y b o d y in l i t e r a ry s ty le as i t i s in a n y o t h e r m a t t e r o f taste , a n d s tyles t ha t 

g i v e the most pos i t i ve p l ea su re to s o m e p e o p l e a re of ten the mos t a n n o y i n g to 

o thers . 

C e r t a i n l y the tone of the b o o k i s no t c o n c i l i a t o r y o r a p o l o g e t i c — s u c h i s 

not the w a y of an a d v o c a t e tha t s i nce re ly be l i eves in his c a s e — a n d I mus t 

p a c k all a p o l o g y in to the P r e f a c e . S o m e o f the ea r l i e r c h a p t e r s r e p l y t o 

cr i t ic isms o f m y p r e v i o u s b o o k , w h i c h m i g h t r e c u r i n r esponse t o the p resen t 
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o n e . I am sor ry tha t this is necessa ry , a n d I am sorry i f a no t e of exaspe ra t i on 

c r e e p s in f rom t i m e to t i m e . I trust, a t leas t , tha t my e x a s p e r a t i o n remains 

g o o d h u m o u r e d . I t i s neces sa ry to p o i n t to past m i s u n d e r s t a n d i n g s a n d try to 

forestal l the i r r e p e t i t i o n , b u t I w o u l d not w i s h to g i v e an a g g r i e v e d 

impres s ion tha t m i s u n d e r s t a n d i n g has b e e n w i d e s p r e a d . I t has b e e n conf ined 

to n u m e r i c a l l y v e r y l i m i t e d q u a r t e r s , b u t in s o m e cases r a the r v o c a l ones . I 

a m g ra t e fu l t o m y cr i t i cs for f o r c ing m e t o th ink a g a i n a b o u t h o w t o express 

diff icul t m a t t e r s m o r e c l e a r l y . 

I a p o l o g i z e to r e a d e r s w h o m a y f ind a f avou r i t e a n d r e l e v a n t w o r k miss ing 

f rom the b i b l i o g r a p h y . T h e r e a re those c a p a b l e o f c o m p r e h e n s i v e l y a n d 

e x h a u s t i v e l y s u r v e y i n g the l i t e r a tu re of a l a rge f ie ld , b u t I h a v e n e v e r b e e n 

a b l e to u n d e r s t a n d h o w t h e y m a n a g e it. I k n o w tha t the e x a m p l e s I h a v e c i ted 

a re a s m a l l subse t o f those tha t c o u l d h a v e b e e n c i t ed , a n d a re some t imes 

the w r i t i n g s o r r e c o m m e n d a t i o n s o f m y fr iends. I f the resul t a p p e a r s b iased , 

w e l l , of cou r se i t i s b i a s e d , a n d I am sorry . I th ink n e a r l y e v e r y b o d y mus t be 

s o m e w h a t b i a s e d i n this k ind o f w a y . 

A b o o k i n e v i t a b l y ref lects the c u r r e n t p r e o c c u p a t i o n s o f the au tho r , a n d 

these p r e o c c u p a t i o n s a re l i ke ly to h a v e b e e n a m o n g the top ics o f his most 

r e c e n t p a p e r s . W h e n those p a p e r s a re so r ecen t tha t i t w o u l d be an art i f icial 

c o n t r i v a n c e to c h a n g e the w o r d s , I h a v e no t hes i t a t ed to r e p r o d u c e a 

p a r a g r a p h a l m o s t v e r b a t i m he re a n d the re . T h e s e p a r a g r a p h s , w h i c h wi l l b e 

found in C h a p t e r s 4 , 5 , 6 a n d 14 , a re an i n t e g r a l pa r t of the message of this 

b o o k , a n d to o m i t t h e m w o u l d be j u s t a s ar t i f ic ia l a s to m a k e g ra tu i tous 

c h a n g e s i n the i r w o r d i n g . 

T h e o p e n i n g s e n t e n c e o f C h a p t e r 1 desc r ibes the b o o k as a w o r k o f 

u n a b a s h e d a d v o c a c y b u t , w e l l , p e r h a p s I am ju s t a l i t t le bi t a b a s h e d ! Wi l son 

( 1 9 7 5 , p p . 28—29) has r i g h t l y c a s t i g a t e d the ' a d v o c a c y m e t h o d ' i n a n y search 

for scient i f ic t ru th , a n d I h a v e therefore d e v o t e d s o m e of my f i rs t c h a p t e r to a 

p l e a o f m i t i g a t i o n . I c e r t a i n l y w o u l d no t w a n t s c i e n c e to a d o p t the legal 

s y s t e m in w h i c h profess iona l a d v o c a t e s m a k e the best case t hey c a n for a 

pos i t ion , e v e n i f t h e y b e l i e v e i t to be false. I b e l i e v e d e e p l y in the v i e w of life 

tha t this b o o k a d v o c a t e s , a n d h a v e d o n e so, a t least in pa r t , for a l o n g t ime, 

c e r t a i n l y s ince the t ime o f my f i r s t p u b l i s h e d p a p e r , i n w h i c h I c h a r a c t e r i z e d 

a d a p t a t i o n s a s f a v o u r i n g ' the s u r v i v a l o f the a n i m a l ' s g e n e s . . . ' ( D a w k i n s 

1968) . T h i s b e l i e f — t h a t i f a d a p t a t i o n s a re t o b e t r ea ted a s ' for the g o o d o f 

s o m e t h i n g , t ha t s o m e t h i n g i s the g e n e — w a s the f u n d a m e n t a l a s s u m p t i o n o f 

m y p r e v i o u s b o o k . T h e p resen t b o o k goes fur ther . T o d r a m a t i z e i t a bi t , i t 

a t t e m p t s to free the selfish g e n e f rom the i n d i v i d u a l o r g a n i s m w h i c h has been 

its c o n c e p t u a l p r i son . T h e p h e n o t y p i c effects o f a g e n e are the tools by w h i c h 

i t l evers i t se l f i n to the n e x t g e n e r a t i o n , a n d these tools m a y ' e x t e n d ' far 

ou t s ide the b o d y i n w h i c h the g e n e sits, e v e n r e a c h i n g d e e p in to the ne rvous 

sys tems of o t h e r o r g a n i s m s . S i n c e i t i s no t a f ac tua l pos i t ion I am a d v o c a t i n g , 

b u t a w a y of s e e i n g facts , I w a n t e d to w a r n the r e a d e r no t to e x p e c t 
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' e v i d e n c e ' in the n o r m a l sense of the w o r d . I a n n o u n c e d tha t the b o o k w a s a 

w o r k o f a d v o c a c y , b e c a u s e I w a s a n x i o u s no t to d i s a p p o i n t the r e a d e r , no t to 

lead he r on u n d e r false p r e t e n c e s a n d w a s t e he r t i m e . 

T h e l ingu is t i c e x p e r i m e n t o f the last s e n t e n c e r e m i n d s me tha t I w i s h I 

had h a d the c o u r a g e to ins t ruc t the c o m p u t e r t o f e m i n i z e p e r s o n a l p r o n o u n s 

a t r a n d o m t h r o u g h o u t the tex t . T h i s i s no t o n l y b e c a u s e I a d m i r e the c u r r e n t 

a w a r e n e s s of the m a s c u l i n e b ias in o u r l a n g u a g e . W h e n e v e r I w r i t e I h a v e a 

p a r t i c u l a r i m a g i n a r y r e a d e r i n m i n d (different i m a g i n a r y r e a d e r s o v e r s e e 

a n d ' f i l ter ' the s a m e p a s s a g e in n u m e r o u s success ive revis ions) a n d a t least 

h a l f m y i m a g i n a r y r eade r s a re , l ike a t least h a l f m y f r iends , f e m a l e . 

U n f o r t u n a t e l y i t is still t rue in E n g l i s h tha t the u n e x p e c t e d n e s s of a f e m i n i n e 

p r o n o u n , w h e r e a n e u t r a l m e a n i n g i s i n t e n d e d , se r ious ly d i s t r ac t s the 

a t t en t ion o f mos t r eade r s , o f e i the r sex . I b e l i e v e the e x p e r i m e n t o f the 

p r e v i o u s p a r a g r a p h w i l l subs t an t i a t e this. W i t h r eg re t , t he re fo re , I h a v e 

fo l lowed the s t a n d a r d c o n v e n t i o n in this b o o k . 

F o r m e , w r i t i n g i s a lmos t a soc ia l a c t i v i t y , a n d I am g ra t e fu l to the m a n y 

friends w h o h a v e , s o m e t i m e s u n w i t t i n g l y , p a r t i c i p a t e d t h r o u g h d i scuss ion , 

a r g u m e n t a n d m o r a l s u p p o r t . I c a n n o t t h a n k t h e m a l l b y n a m e . M a r i a n 

S t a m p D a w k i n s has not o n l y p r o v i d e d sens i t ive a n d k n o w l e d g e a b l e c r i t i c i sm 

o f the w h o l e b o o k i n s eve ra l draf ts . S h e has a lso k e p t m e g o i n g b y b e l i e v i n g 

i n the p ro jec t e v e n t h r o u g h the t imes w h e n I lost my o w n c o n f i d e n c e . A l a n 

G r a f e n a n d M a r k R i d l e y , off ic ia l ly m y g r a d u a t e s tuden t s , r e a l l y , i n the i r 

different w a y s , m y m e n t o r s a n d g u i d e s t h r o u g h diff icul t t h e o r e t i c a l t e r r i to ry , 

h a v e in f luenced the b o o k i m m e a s u r a b l y . In the first draf t the i r n a m e s 

s eemed t o c r e e p i n o n a l m o s t e v e r y p a g e , a n d i t w a s o n l y the p a r d o n a b l e 

g r u m b l i n g s o f a referee tha t c o m p e l l e d me to b a n i s h to the P r e f a c e my 

a c k n o w l e d g m e n t o f d e b t t o t h e m . C a t h y K e n n e d y m a n a g e s t o c o m b i n e c lose 

f r iendship for m e w i t h d e e p s y m p a t h y for m y bi t teres t c r i t i c s . T h i s has p u t 

her in a u n i q u e pos i t ion to a d v i s e m e , e s p e c i a l l y o v e r the ea r l i e r c h a p t e r s 

w h i c h a t t e m p t to r e p l y to c r i t i c i sm. I fear tha t she w i l l still no t l ike the tone 

o f these c h a p t e r s , b u t such i m p r o v e m e n t a s the re m a y be i s l a r g e l y d u e to he r 

inf luence a n d I am v e r y g ra te fu l to her . 

I w a s p r i v i l e g e d to h a v e the first draf t c r i t i c i z e d in its e n t i r e t y by J o h n 

M a y n a r d S m i t h , D a v i d C . S m i t h , J o h n K r e b s , P a u l H a r v e y , a n d R i c 

C h a r n o v , a n d the f ina l draf t o w e s m u c h to al l o f t h e m . In a l l cases I a c t e d on 

their a d v i c e , e v e n i f I d i d no t a l w a y s t ake it. O t h e r s k i n d l y c r i t i c i z e d 

chap te r s i n the i r o w n spec i a l f i e l d s : M i c h a e l H a n s e l l the c h a p t e r o n 

ar tefacts , P a u l i n e L a w r e n c e tha t o n paras i t es , E g b e r t L e i g h tha t o n fitness, 

A n t h o n y H a l l a m the sec t ion o n p u n c t u a t e d e q u i l i b r i a , W . F o r d D o o l i t t l e 

that o n selfish D N A , a n d D i a n e D e S t e v e n b o t a n i c a l sec t ions . T h e b o o k w a s 

f in i shed a t O x f o r d , bu t b e g u n d u r i n g a vis i t t o the U n i v e r s i t y o f F l o r i d a a t 

G a i n e s v i l l e o n a s a b b a t i c a l l e a v e k i n d l y g r a n t e d b y the U n i v e r s i t y o f O x f o r d 

and the W a r d e n a n d F e l l o w s o f N e w C o l l e g e . I a m g r a t e f u l t o m y m a n y 
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F l o r i d a n fr iends for g i v i n g me such a p l ea san t a t m o s p h e r e in w h i c h to work , 

e s p e c i a l l y J a n e B r o c k m a n n , w h o a l so p r o v i d e d he lp fu l c r i t i c i sm o f 

p r e l i m i n a r y draf ts , a n d D o n n a G i l l i s , w h o also d id m u c h o f the t y p i n g . I 

benef i t ed , t oo , f rom a m o n t h ' s e x p o s u r e to t rop ica l b i o l o g y as the grateful 

gues t o f the S m i t h s o n i a n Ins t i tu t ion i n P a n a m a d u r i n g the w r i t i n g o f the 

b o o k . F i n a l l y , i t i s a p l e a s u r e o n c e a g a i n to t h a n k M i c h a e l R o d g e r s , formerly 

o f O x f o r d U n i v e r s i t y Press a n d n o w o f W . H . F r e e m a n a n d C o m p a n y , a 'K-

s e l e c t e d ' ed i to r w h o r ea l l y b e l i e v e s in his books a n d i s the i r tireless a d v o c a t e . 

Oxford R i c h a r d D a w k i n s 

June 1981 
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1 Necker Cubes and Buffaloes 

T h i s i s a w o r k of u n a b a s h e d a d v o c a c y . I w a n t to a r g u e in f a v o u r of a 

pa r t i cu l a r w a y o f l o o k i n g a t a n i m a l s a n d p lan t s , a n d a p a r t i c u l a r w a y o f 

w o n d e r i n g w h y they d o the th ings tha t t hey d o . W h a t I a m a d v o c a t i n g i s no t 

a n e w theory , no t a h y p o t h e s i s w h i c h c a n be ver i f ied or falsif ied, no t a m o d e l 

w h i c h c a n be j u d g e d by its p r e d i c t i o n s . I f i t w e r e a n y o f those th ings , I a g r e e 

w i th W i l s o n ( 1 9 7 5 , p . 28) tha t the ' a d v o c a c y m e t h o d ' w o u l d b e i n a p 

p ropr i a t e a n d r e p r e h e n s i b l e . B u t i t i s no t a n y o f those th ings . W h a t I am 

a d v o c a t i n g i s a po in t o f v i e w , a w a y of l o o k i n g a t f ami l i a r facts a n d ideas , 

and a w a y o f a s k i n g n e w ques t ions a b o u t t h e m . A n y r e a d e r w h o e x p e c t s a 

c o n v i n c i n g n e w theo ry in the c o n v e n t i o n a l sense o f the w o r d i s b o u n d to be 

left, therefore , w i t h a d i s a p p o i n t e d 'so w h a t ? ' f ee l ing . B u t I am no t t r y i n g to 

c o n v i n c e a n y o n e o f the t ru th o f a n y f ac tua l p r o p o s i t i o n . R a t h e r , I am t r y i n g 

to show the r e a d e r a w a y of s ee ing b i o l o g i c a l facts . 

T h e r e i s a w e l l - k n o w n v i sua l i l lus ion c a l l e d the N e c k e r C u b e . I t consis ts o f 

a l ine d r a w i n g w h i c h the b r a i n in te rpre t s as a t h r e e - d i m e n s i o n a l c u b e . B u t 

there a re t w o poss ible o r i en ta t ions o f the p e r c e i v e d c u b e , a n d b o t h a re 

e q u a l l y c o m p a t i b l e w i t h the t w o - d i m e n s i o n a l i m a g e o n the p a p e r . W e 

usua l ly b e g i n b y s e e i n g o n e o f the t w o o r i en t a t i ons , b u t i f w e look for seve ra l 

seconds the c u b e 'flips o v e r ' i n the m i n d , a n d we see the o t h e r a p p a r e n t 

o r i en ta t ion . Af t e r a few m o r e seconds the m e n t a l i m a g e f l ips b a c k a n d i t 

con t inues to a l t e r n a t e a s l o n g as we look a t the p i c t u r e . T h e p o i n t i s tha t 

ne i ther o f the t w o p e r c e p t i o n s o f the c u b e i s the c o r r e c t o r ' t r u e ' o n e . T h e y 

are e q u a l l y co r r ec t . S i m i l a r l y the v i s ion o f life tha t I a d v o c a t e , a n d l a b e l 

w i t h the n a m e o f the e x t e n d e d p h e n o t y p e , i s no t p r o v a b l y m o r e c o r r e c t t h a n 

the o r t h o d o x v i e w . I t is a different v i e w a n d I suspec t tha t , a t leas t in s o m e 

respects , i t p r o v i d e s a d e e p e r u n d e r s t a n d i n g . B u t I d o u b t tha t the re is a n y 

e x p e r i m e n t tha t c o u l d b e d o n e t o p r o v e m y c l a i m . 

T h e p h e n o m e n a tha t I shal l c o n s i d e r — c o e v o l u t i o n , a r m s r aces , m a n i p u 

la t ion o f hosts b y paras i tes , m a n i p u l a t i o n o f the i n a n i m a t e w o r l d b y l i v i n g 

things, e c o n o m i c ' s t r a t eg ies ' for m i n i m i z i n g costs a n d m a x i m i z i n g bene f i t s— 

1 



2 Necker Cubes and Buffaloes 

a re a l l f a m i l i a r e n o u g h , a n d a re a l r e a d y the sub jec t o f in tens ive s tudy . W h y , 

then , s h o u l d the b u s y r e a d e r b o t h e r to go o n ? I t i s t e m p t i n g to b o r r o w 

S t e p h e n G o u l d ' s w i n n i n g l y i n g e n u o u s a p p e a l a t the b e g i n n i n g o f a m o r e 

s u b s t a n t i a l v o l u m e ( 1 9 7 7 a ) a n d s i m p l y say , ' P l e a s e r ead the b o o k ' a n d y o u 

w i l l f i nd o u t w h y i t w a s w o r t h b o t h e r i n g to do so. U n f o r t u n a t e l y I do not 

h a v e t he s a m e g r o u n d s for c o n f i d e n c e . I c a n o n l y say tha t , a s o n e o r d i n a r y 

b io log i s t s t u d y i n g a n i m a l b e h a v i o u r , I h a v e found tha t the v i e w p o i n t 

r e p r e s e n t e d b y the l a b e l ' e x t e n d e d p h e n o t y p e ' has m a d e m e see a n i m a l s and 

the i r b e h a v i o u r d i f fe ren t ly , a n d I th ink I u n d e r s t a n d t h e m be t t e r for it. T h e 

e x t e n d e d p h e n o t y p e m a y no t cons t i tu t e a tes tab le hypo thes i s in itself, b u t i t 

so far c h a n g e s the w a y we see a n i m a l s a n d p lan t s tha t i t m a y cause us t o 

t h ink o f t e s t ab le h y p o t h e s e s tha t w e w o u l d o t h e r w i s e n e v e r h a v e d r e a m e d of. 

L o r e n z ' s ( 1 9 3 7 ) d i s c o v e r y tha t a b e h a v i o u r p a t t e r n c a n be t rea ted l ike an 

a n a t o m i c a l o r g a n w a s no t a d i s c o v e r y i n the o r d i n a r y sense. No e x p e r i m e n t a l 

resul ts w e r e a d d u c e d in its s u p p o r t . I t w a s s i m p l y a n e w w a y of see ing facts 

t h a t w e r e a l r e a d y c o m m o n p l a c e , y e t i t d o m i n a t e s m o d e r n e t h o l o g y 

( T i n b e r g e n 1 9 6 3 ) , a n d i t s eems to us t o d a y so o b v i o u s tha t i t i s h a r d to 

u n d e r s t a n d tha t i t e v e r n e e d e d ' d i s c o v e r i n g ' . S i m i l a r l y , D ' A r c y T h o m p s o n ' s 

( 1 9 1 7 ) c e l e b r a t e d c h a p t e r ' O n the t heo ry o f t r a n s f o r m a t i o n s . . . ' i s w i d e l y 

r e g a r d e d as a w o r k of i m p o r t a n c e a l t h o u g h i t does not a d v a n c e or test a 

h y p o t h e s i s . In a sense i t i s o b v i o u s l y necessa r i ly t rue tha t a n y a n i m a l form 

c a n be t u r n e d i n to a r e l a t e d fo rm by a m a t h e m a t i c a l t r ans format ion , 

a l t h o u g h i t i s no t o b v i o u s tha t the t r ans fo rma t ion wi l l be a s imp le one . In 

a c t u a l l y d o i n g i t for a n u m b e r o f specif ic e x a m p l e s , D ' A r c y T h o m p s o n 

i n v i t e d a 'so w h a t ? ' r e a c t i o n f rom a n y o n e fas t id ious e n o u g h to insist tha t 

s c i e n c e p r o c e e d s o n l y b y the fa ls i fy ing o f specif ic h y p o t h e s e s . I f w e r ead 

D ' A r c y T h o m p s o n ' s c h a p t e r a n d then ask ourse lves w h a t w e n o w k n o w that 

w e d i d no t k n o w before , the a n s w e r m a y w e l l b e no t m u c h . Bu t our 

i m a g i n a t i o n i s f i r e d . W e g o b a c k a n d look a t a n i m a l s i n a n e w w a y ; a n d w e 

th ink a b o u t t h e o r e t i c a l p r o b l e m s , i n this case those o f e m b r y o l o g y and 

p h y l o g e n y a n d the i r i n t e r r e l a t ions , in a n e w w a y . I a m , o f cour se , no t so 

p r e s u m p t u o u s a s t o c o m p a r e the p resen t m o d e s t w o r k w i t h the mas t e rp i ece 

of a g r e a t b io log i s t . I use the e x a m p l e s i m p l y to d e m o n s t r a t e t ha t i t is possible 

for a t h e o r e t i c a l b o o k to be w o r t h r e a d i n g e v e n i f i t does no t a d v a n c e tes table 

h y p o t h e s e s bu t seeks , i n s t ead , t o c h a n g e the w a y w e see. 

A n o t h e r g r e a t b io log i s t o n c e r e c o m m e n d e d tha t t o u n d e r s t a n d the a c t u a l 

w e m u s t c o n t e m p l a t e the pos s ib l e : ' N o p r a c t i c a l b io log i s t in te res ted i n sexua l 

r e p r o d u c t i o n w o u l d b e l ed t o w o r k ou t the d e t a i l e d c o n s e q u e n c e s ex

p e r i e n c e d b y o r g a n i s m s h a v i n g th ree o r m o r e s e x e s ; y e t w h a t else should h e 

d o i f h e wi shes t o u n d e r s t a n d w h y the sexes a re , i n fac t , a l w a y s t w o ? ' (Fisher 

1930a , p . i x ) . W i l l i a m s ( 1 9 7 5 ) , M a y n a r d S m i t h ( 1 9 7 8 a ) a n d o thers h a v e 

t a u g h t u s t ha t o n e o f the c o m m o n e s t , mos t un ive r sa l fea tures o f life on Ea r th , 

s e x u a l i t y itself, s h o u l d no t be a c c e p t e d w i t h o u t q u e s t i o n . I n d e e d , its 
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ex is tence turns ou t to be pos i t i ve ly su rp r i s ing w h e n set a g a i n s t the i m a g i n e d 

poss ibi l i ty o f a s e x u a l r e p r o d u c t i o n . T o i m a g i n e a s e x u a l r e p r o d u c t i o n a s a 

h y p o t h e t i c a l poss ib i l i ty is no t diff icul t , s ince we k n o w i t is a r e a l i t y in s o m e 

a n i m a l s a n d p l an t s . B u t a re there o t h e r cases w h e r e o u r i m a g i n a t i o n r e c e i v e s 

n o such p r o m p t i n g ? A r e the re i m p o r t a n t facts a b o u t life t ha t w e h a r d l y 

no t i ce s i m p l y b e c a u s e w e l a c k the i m a g i n a t i o n t o v i sua l i se a l t e r n a t i v e s 

w h i c h , l ike F i sher ' s th ree sexes , m i g h t h a v e ex i s ted in s o m e poss ib le w o r l d ? I 

shal l try to s h o w tha t the a n s w e r i s ye s . 

P l a y i n g w i t h a n i m a g i n a r y w o r l d , i n o r d e r t o i nc rea se o u r u n d e r s t a n d i n g 

o f the a c t u a l w o r l d , i s the t e c h n i q u e o f ' t h o u g h t e x p e r i m e n t ' . I t i s m u c h used 

by ph i losopher s . F o r i n s t ance in a c o l l e c t i o n of essays on The Philosophy of 

Mind (ed. G l o v e r 1 9 7 6 ) , v a r i o u s au tho r s i m a g i n e s u r g i c a l o p e r a t i o n s in 

w h i c h o n e person ' s b r a i n i s t r a n s p l a n t e d in to a n o t h e r pe r son ' s b o d y , a n d 

they use the t h o u g h t e x p e r i m e n t t o c lar i fy the m e a n i n g o f ' p e r s o n a l i d e n t i t y ' . 

A t t imes p h i l o s o p h e r s ' t h o u g h t e x p e r i m e n t s a r e p u r e l y i m a g i n a r y a n d w i l d l y 

i m p r o b a b l e , b u t this d o e s n ' t m a t t e r g i v e n the p u r p o s e for w h i c h t h e y a r e 

m a d e . At o t h e r t imes t h e y a re i n f o r m e d , to a g r e a t e r o r lesser e x t e n t , by facts 

from the rea l w o r l d , for i n s t ance the facts o f sp l i t -b ra in e x p e r i m e n t s . 

C o n s i d e r a n o t h e r t h o u g h t e x p e r i m e n t , this t i m e f rom e v o l u t i o n a r y 

b i o l o g y . W h e n I w a s an u n d e r g r a d u a t e o b l i g e d to w r i t e s p e c u l a t i v e essays on 

' the o r ig in o f the C h o r d a t e s ' a n d o the r top ics o f r e m o t e p h y l o g e n y , o n e o f m y 

tutors r igh t ly t r ied to shake my fai th in the v a l u e o f such s p e c u l a t i o n s by 

sugges t ing tha t a n y t h i n g c o u l d , i n p r i n c i p l e , e v o l v e in to a n y t h i n g else . E v e n 

insects c o u l d e v o l v e in to m a m m a l s , i f o n l y the r i gh t s e q u e n c e o f se l ec t ion 

pressures w e r e p r o v i d e d in the r igh t o rde r . A t the t i m e , a s mos t zoo log i s t s 

w o u l d , I d ismissed the i d e a as o b v i o u s nonsense , a n d I st i l l , of cou r se , d o n ' t 

be l i eve tha t the r igh t s e q u e n c e o f se lec t ion pressures e v e r w o u l d b e p r o v i d e d . 

N o r d id my tu tor . B u t as far as the p r i n c i p l e i s c o n c e r n e d , a s i m p l e t h o u g h t 

e x p e r i m e n t shows i t t o b e n e a r l y i n c o n t r o v e r t i b l e . W e n e e d o n l y p r o v e tha t 

there exists a c o n t i n u o u s series of sma l l steps l e a d i n g f rom an insec t , say a 

s tag bee t l e , to a m a m m a l , say a s t ag . By this I m e a n tha t , s t a r t i n g w i t h the 

bee t l e , w e c o u l d l a y o u t a s e q u e n c e o f h y p o t h e t i c a l a n i m a l s , e a c h o n e a s 

s imi la r to the p r e v i o u s m e m b e r o f the series as a p a i r o f b ro the r s m i g h t b e , 

a n d the s e q u e n c e w o u l d c u l m i n a t e in a red d e e r s t ag . 

T h e p r o o f i s easy , p r o v i d e d o n l y tha t w e a c c e p t , a s e v e r y o n e does , t ha t 

bee t l e a n d dee r h a v e a c o m m o n ances to r , h o w e v e r far b a c k . E v e n i f the re i s 

no o the r s e q u e n c e o f steps f rom b e e t l e t o d e e r , we k n o w tha t a t least o n e 

s e q u e n c e mus t b e o b t a i n e d b y s i m p l y t r a c i n g the b e e t l e ' s ances to r s b a c k t o 

the c o m m o n ances to r , then w o r k i n g f o r w a r d s d o w n the o t h e r l ine t o the 

dee r . 

W e h a v e p r o v e d tha t the re exists a t r a j ec to ry o f s t e p w i s e c h a n g e 

c o n n e c t i n g bee t l e to d e e r a n d , by i m p l i c a t i o n , a s i m i l a r t r a j ec to ry f rom a n y 

m o d e r n a n i m a l t o a n y o t h e r m o d e r n a n i m a l . I n p r i n c i p l e , there fore , w e m a y 
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p r e s u m e tha t a series of s e l ec t ion pressures c o u l d be a r t i f ic ia l ly con t r ived to 

p r o p e l a l i n e a g e a l o n g o n e of these t ra jec tor ies . I t w a s a q u i c k though t 

e x p e r i m e n t a l o n g these l ines t ha t e n a b l e d m e t o say , w h e n d iscuss ing D ' A r c y 

T h o m p s o n ' s t r ans fo rma t ions , tha t ' I n a sense i t is o b v i o u s l y necessar i ly true 

tha t a n y a n i m a l fo rm c a n be t u r n e d in to a r e l a t ed form by a m a t h e m a t i c a l 

t r a n s f o r m a t i o n , a l t h o u g h i t is no t o b v i o u s tha t the t r ans fo rma t ion wi l l be a 

s i m p l e o n e . ' In this b o o k I shal l m a k e f r equen t use o f the t hough t -

e x p e r i m e n t t e c h n i q u e . I w a r n the r e a d e r o f this in a d v a n c e , s ince scientists 

a re s o m e t i m e s a n n o y e d by the l a c k o f rea l i sm in such forms o f reasoning . 

T h o u g h t e x p e r i m e n t s a re no t s u p p o s e d t o b e rea l i s t ic . T h e y are supposed t o 

c la r i fy o u r t h i n k i n g a b o u t r ea l i t y . 

O n e fea tu re o f life i n this w o r l d w h i c h , l ike sex , we h a v e t aken for g ran ted 

a n d m a y b e s h o u l d no t , i s tha t l i v i n g m a t t e r c o m e s in d i sc re te p a c k a g e s ca l led 

o r g a n i s m s . In p a r t i c u l a r , b io log is t s in te res ted in func t i ona l e x p l a n a t i o n 

u s u a l l y a s s u m e t h a t the a p p r o p r i a t e un i t for d iscuss ion i s the i n d i v i d u a l 

o r g a n i s m . T o us, ' c o n f l i c t ' u s u a l l y m e a n s conf l ic t b e t w e e n o r g a n i s m s , each 

o n e s t r i v i n g t o m a x i m i z e its o w n i n d i v i d u a l ' f i tness ' . W e r e c o g n i z e smal ler 

uni t s s u c h as cel ls a n d g e n e s , a n d l a rge r uni ts such as p o p u l a t i o n s , societies 

a n d e c o s y s t e m s , b u t the re i s no d o u b t tha t the i n d i v i d u a l b o d y , as a discrete 

un i t o f a c t i o n , exe r t s a p o w e r f u l h o l d o v e r the m i n d s o f zoo log i s t s , espec ia l ly 

those in te res ted i n the a d a p t i v e s i gn i f i c ance o f a n i m a l b e h a v i o u r . O n e o f m y 

a i m s in this b o o k is to b r e a k tha t h o l d . I w a n t to s w i t c h e m p h a s i s from the 

i n d i v i d u a l b o d y a s f oca l un i t o f func t iona l d i scuss ion . A t the v e r y least I 

w a n t t o m a k e u s a w a r e o f h o w m u c h w e t ake for g r a n t e d w h e n w e look a t life 

as a c o l l e c t i o n of d i sc re t e i n d i v i d u a l o r g a n i s m s . 

T h e thesis t ha t I sha l l s u p p o r t is this. I t is l e g i t i m a t e to speak of 

a d a p t a t i o n s a s b e i n g ' for the benef i t o f s o m e t h i n g , b u t tha t s o m e t h i n g i s best 

no t seen as the i n d i v i d u a l o r g a n i s m . I t is a s m a l l e r un i t w h i c h I ca l l the 

a c t i v e , g e r m - l i n e r e p l i c a t o r . T h e mos t i m p o r t a n t k ind o f r e p l i c a t o r i s the 

' g e n e ' o r s m a l l g e n e t i c f r a g m e n t . R e p l i c a t o r s a re not , o f cour se , se lected 

d i r e c t l y , b u t b y p r o x y ; t h e y a re j u d g e d b y thei r p h e n o t y p i c effects. A l t h o u g h 

for s o m e pu rpose s i t i s c o n v e n i e n t to th ink of these p h e n o t y p i c effects as 

b e i n g p a c k a g e d t o g e t h e r i n d i sc re t e ' v e h i c l e s ' s u c h a s i n d i v i d u a l o rgan i sms , 

this i s no t f u n d a m e n t a l l y neces sa ry . R a t h e r , the r e p l i c a t o r shou ld be t h o u g h t 

of as h a v i n g extended p h e n o t y p i c effects, cons i s t ing of a l l its effects on the 

w o r l d a t l a r g e , no t j u s t its effects on the i n d i v i d u a l b o d y in w h i c h i t h a p p e n s 

to be s i t t ing . 

T o r e tu rn t o the a n a l o g y o f the N e c k e r C u b e , t h e m e n t a l f l i p tha t I w a n t 

t o e n c o u r a g e c a n b e c h a r a c t e r i z e d a s fo l lows . W e l o o k a t life a n d b e g i n b y 

s e e i n g a c o l l e c t i o n o f i n t e r a c t i n g i n d i v i d u a l o r g a n i s m s . W e k n o w tha t they 

c o n t a i n s m a l l e r uni t s , a n d w e k n o w that they a re , i n turn , par t s o f l a rger 

c o m p o s i t e uni t s , b u t w e f i x o u r g a z e o n the w h o l e o r g a n i s m s . T h e n s u d d e n l y 

the i m a g e f l i p s . T h e i n d i v i d u a l bod i e s a re still t h e r e ; t hey h a v e no t m o v e d , 
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bu t they s e e m t o h a v e g o n e t r anspa ren t . W e see t h r o u g h t h e m t o the 

r ep l i c a t i ng f r agmen t s o f D N A w i t h i n , a n d w e see the w i d e r w o r l d a s a n 

a r e n a i n w h i c h these g e n e t i c f r agmen t s p l a y o u t the i r t o u r n a m e n t s o f 

m a n i p u l a t i v e ski l l . G e n e s m a n i p u l a t e the w o r l d a n d s h a p e i t t o assist the i r 

r ep l i ca t ion . I t h a p p e n s tha t t hey h a v e ' c h o s e n ' t o d o s o l a r g e l y b y m o u l d i n g 

m a t t e r into l a rge m u l t i c e l l u l a r c h u n k s w h i c h w e ca l l o r g a n i s m s , b u t this 

m i g h t not h a v e b e e n so. F u n d a m e n t a l l y , w h a t i s g o i n g on i s t ha t r e p l i c a t i n g 

m o l e c u l e s ensure the i r s u r v i v a l b y m e a n s o f p h e n o t y p i c effects o n the w o r l d . 

I t i s o n l y i n c i d e n t a l l y t rue tha t those p h e n o t y p i c effects h a p p e n to be 

p a c k a g e d u p in to uni ts c a l l e d i n d i v i d u a l o r g a n i s m s . 

W e d o no t a t p resent a p p r e c i a t e the o r g a n i s m for t he r e m a r k a b l e 

p h e n o m e n o n i t is. W e a re a c c u s t o m e d t o a s k i n g , o f a n y w i d e s p r e a d 

b i o l o g i c a l p h e n o m e n o n , ' W h a t i s its s u r v i v a l v a l u e ? ' B u t w e d o no t say , 

' W h a t i s the s u r v i v a l v a l u e o f p a c k a g i n g life up in to d i s c r e t e un i t s c a l l e d 

o r g a n i s m s ? ' We a c c e p t i t a s a g i v e n fea tu re o f the w a y life is. As I h a v e 

a l r e a d y no ted , the o r g a n i s m b e c o m e s the a u t o m a t i c s u b j e c t o f o u r q u e s t i o n s 

a b o u t the s u r v i v a l v a l u e o f o t h e r t h i n g s : ' I n w h a t w a y does this b e h a v i o u r 

pa t te rn benef i t the i n d i v i d u a l d o i n g i t? I n w h a t w a y does this m o r p h o l o g i c a l 

s t ruc ture benef i t the i n d i v i d u a l i t i s a t t a c h e d t o ? ' 

I t has b e c o m e a k ind o f ' c e n t r a l t h e o r e m ' (Ba ra sh 1 9 7 7 ) o f m o d e r n 

e t h o l o g y tha t o r g a n i s m s are e x p e c t e d to b e h a v e in such a w a y as to benef i t 

their o w n inc lus ive f i t nes s ( H a m i l t o n 1 9 6 4 a , b ) , r a t h e r t han to benefi t 

a n y o n e , o r a n y t h i n g , else. W e d o not ask i n w h a t w a y the b e h a v i o u r o f the 

left h ind leg benefi ts the left h i n d l eg . N o r , n o w a d a y s , do mos t o f us ask h o w 

the b e h a v i o u r o f a g r o u p o f o r g a n i s m s , o r the s t ruc tu re o f an e c o s y s t e m , 

benefits tha t g r o u p o r e c o s y s t e m . W e t rea t g r o u p s a n d e c o s y s t e m s a s 

co l lec t ions o f w a r r i n g , o r uneas i l y c o h a b i t i n g , o r g a n i s m s ; a n d w e t rea t l egs , 

k idneys , a n d cells as c o o p e r a t i n g c o m p o n e n t s of a s ing le o r g a n i s m . I am no t 

necessar i ly o b j e c t i n g to this focus o f a t t e n t i o n on i n d i v i d u a l o r g a n i s m s , 

me re ly c a l l i n g a t t e n t i o n to i t a s s o m e t h i n g tha t we t ake for g r a n t e d . P e r h a p s 

we should s top t a k i n g i t for g r a n t e d a n d start w o n d e r i n g a b o u t the 

i n d i v i d u a l o r g a n i s m , as s o m e t h i n g tha t needs e x p l a i n i n g in its o w n r igh t , just 

a s we f o u n d sexua l r e p r o d u c t i o n to be s o m e t h i n g tha t n e e d s e x p l a i n i n g in its 

o w n r ight . 

At this po in t an a c c i d e n t o f the h is tory o f b i o l o g y necess i ta tes a t i r e some 

digress ion. T h e p r e v a i l i n g o r t h o d o x y o f m y p r e v i o u s p a r a g r a p h , the c e n t r a l 

d o g m a o f i n d i v i d u a l o r g a n i s m s w o r k i n g t o m a x i m i z e the i r o w n r e p r o d u c t i v e 

success, the p a r a d i g m o f ' the selfish o r g a n i s m ' , w a s D a r w i n ' s p a r a d i g m , a n d 

i t i s d o m i n a n t t o d a y . O n e m i g h t i m a g i n e , therefore , t ha t i t h a d h a d a g o o d 

run for its m o n e y a n d s h o u l d , by n o w , be r ipe for r e v o l u t i o n , o r a t leas t 

cons t i tu te a s o l i d - e n o u g h bas t ion to w i t h s t a n d i c o n o c l a s t i c p i n p r i c k s s u c h as 

a n y tha t this b o o k m i g h t d e l i v e r . U n f o r t u n a t e l y , a n d this i s the h i s to r ica l 

a cc iden t I m e n t i o n e d , a l t h o u g h i t i s t rue tha t there has s e l d o m b e e n a n y 



t e m p t a t i o n to t r ea t uni t s s m a l l e r t han the o r g a n i s m as a g e n t s w o r k i n g for 

the i r o w n benef i t , the s a m e has no t a l w a y s b e e n t rue o f l a rge r uni ts . T h e 

i n t e r v e n i n g y e a r s s ince D a r w i n h a v e seen an a s ton i sh ing re t rea t from his 

i n d i v i d u a l - c e n t r e d s t and , a l apse i n t o s l o p p i l y u n c o n s c i o u s g r o u p -

se l ec t ion i sm, a b l y d o c u m e n t e d b y W i l l i a m s ( 1 9 6 6 ) , G h i s e l i n ( 1 9 7 4 a ) and 

o the r s . A s H a m i l t o n ( 1 9 7 5 a ) p u t it, ' . . . a l m o s t the w h o l e field o f b i o l o g y 

s t a m p e d e d i n the d i r e c t i o n w h e r e D a r w i n h a d g o n e c i r c u m s p e c t l y o r not a t 

a l l ' . I t i s o n l y in r e c e n t y e a r s , r o u g h l y c o i n c i d i n g w i t h the b e l a t e d rise to 

fashion o f H a m i l t o n ' s o w n ideas ( D a w k i n s 1 9 7 9 b ) , tha t the s t a m p e d e has been 

h a l t e d a n d t u r n e d . W e p a i n f u l l y s t r u g g l e d b a c k , harassed b y s n i p i n g from a 

J e s u i t i c a l l y s o p h i s t i c a t e d a n d d e d i c a t e d neo -g roup - se l ec t i on i s t r e a r g u a r d , 

un t i l we f ina l ly r e g a i n e d Darwin's g r o u n d , the pos i t ion tha t I am 

c h a r a c t e r i z i n g by the l a b e l ' the selfish o r g a n i s m ' , the pos i t ion w h i c h , in its 

m o d e r n f o r m , is d o m i n a t e d by the c o n c e p t of i nc lus ive f i tness . Yet i t is this 

h a r d - w o n fastness tha t I m a y s e e m t o b e a b a n d o n i n g here , a b a n d o n i n g 

a l m o s t be fo re i t i s p r o p e r l y s e c u r e d ; a n d for w h a t ? F o r a f l i cke r ing N e c k e r 

C u b e , a m e t a p h y s i c a l c h i m e r a c a l l e d the e x t e n d e d p h e n o t y p e ? 

N o , t o r e n o u n c e those g a i n s i s far f rom m y in t en t ion . T h e p a r a d i g m o f the 

selfish o r g a n i s m i s v a s t l y p r e f e r a b l e to w h a t H a m i l t o n ( 1 9 7 7 ) has ca l l ed ' the 

o l d , d e p a r t i n g p a r a d i g m o f a d a p t a t i o n for the benef i t o f the spec ies ' . 

' E x t e n d e d p h e n o t y p e ' i s m i s u n d e r s t o o d i f i t i s t aken to h a v e a n y connec t i on 

w i t h a d a p t a t i o n a t the l e v e l o f the g r o u p . T h e selfish o r g a n i s m , a n d the 

selfish g e n e w i t h its e x t e n d e d p h e n o t y p e , a re t w o v i e w s o f the s a m e N e c k e r 

C u b e . T h e r e a d e r w i l l no t e x p e r i e n c e the c o n c e p t u a l f l ip -over tha t I seek to 

assist unless he b e g i n s by l o o k i n g a t the r igh t c u b e . T h i s b o o k i s addressed to 

those tha t a l r e a d y a c c e p t the c u r r e n t l y f a s h i o n a b l e se l f i sh-organism v i e w o f 

l ife, r a t h e r t h a n a n y fo rm o f ' g r o u p benef i t ' v i e w . 

I am no t s a y i n g tha t the selfish o r g a n i s m v i e w i s necessa r i ly w r o n g , bu t my 

a r g u m e n t , in its s t r o n g fo rm, i s t ha t i t i s l o o k i n g a t the m a t t e r the w r o n g w a y 

u p . I o n c e o v e r h e a r d an e m i n e n t C a m b r i d g e e tho log i s t say to an eminen t 

A u s t r i a n e tho log i s t ( they w e r e a r g u i n g a b o u t b e h a v i o u r d e v e l o p m e n t ) : ' Y o u 

k n o w , we r e a l l y a g r e e . I t i s j u s t t ha t y o u say i t w r o n g . ' G e n t l e ' i n d i v i d u a l 

se l ec t ion i s t ' , w e r e a l l y d o a lmos t a g r e e , a t least i n c o m p a r i s o n t o the g r o u p 

se lec t ionis t s . I t i s j u s t tha t y o u see i t w r o n g ! 

B o n n e r ( 1 9 5 8 ) , d i s cuss ing s ing l e - ce l l ed o r g a n i s m s , sa id ' . . . w h a t specia l 

use t o these o r g a n i s m s a r e n u c l e a r g e n e s ? H o w d id they arise b y s e l ec t i on? ' 

Th i s i s a g o o d e x a m p l e o f the k ind o f i m a g i n a t i v e , r a d i c a l q u e s t i o n that I 

th ink we o u g h t to ask a b o u t life. B u t i f the thesis o f this b o o k i s a c c e p t e d , the 

p a r t i c u l a r q u e s t i o n s h o u l d b e t u r n e d ups ide d o w n . Ins t ead o f a sk ing o f w h a t 

use n u c l e a r g e n e s a re to organisms, we shou ld ask w h y genes chose to g r o u p 

t h e m s e l v e s t o g e t h e r in n u c l e i , a n d in o r g a n i s m s . In the o p e n i n g l ines o f the 

s a m e w o r k , B o n n e r s a y s : ' I d o no t p ropose t o say a n y t h i n g n e w o r o r ig ina l i n 

these l ec tu re s . B u t I am a g r e a t b e l i e v e r in s a y i n g f ami l i a r , w e l l - k n o w n 
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th ings b a c k w a r d s a n d inside ou t , h o p i n g tha t f rom s o m e n e w v a n t a g e p o i n t 

the o ld facts w i l l t ake on a d e e p e r s i gn i f i cance . I t i s l ike h o l d i n g an a b s t r a c t 

p a i n t i n g ups ide d o w n ; I do no t say tha t the m e a n i n g o f the p i c t u r e w i l l 

s u d d e n l y b e c l ea r , b u t s o m e o f the s t ruc tu re o f the c o m p o s i t i o n tha t w a s 

h i d d e n m a y s h o w i t s e l f (p. I ) . I c a m e across this af ter w r i t i n g my o w n 

N e c k e r C u b e pas sage , a n d w a s d e l i g h t e d t o f i n d the s a m e v i e w s expres sed b y 

so respec ted an a u t h o r . 

T h e t roub le w i t h m y N e c k e r C u b e s , a n d w i t h B o n n e r ' s a b s t r a c t p a i n t i n g , 

i s that , a s a n a l o g i e s , t hey m a y b e too t imid a n d u n a m b i t i o u s . T h e a n a l o g y 

o f the N e c k e r C u b e expresses my minimum h o p e for this b o o k . I am p r e t t y 

conf iden t tha t to look a t life in te rms of g e n e t i c r e p l i c a t o r s p r e s e r v i n g 

themse lves by m e a n s o f the i r e x t e n d e d p h e n o t y p e s i s a t least as sa t i s fac to ry as 

to look a t i t in t e rms of selfish o r g a n i s m s m a x i m i z i n g thei r i n c l u s i v e fi tness. 

In m a n y cases the t w o w a y s o f l o o k i n g a t life w i l l , i n d e e d , be e q u i v a l e n t . As I 

shal l show, ' i nc lu s ive f i tness ' w a s de f ined in such a w a y as to t e n d to m a k e 

' the i n d i v i d u a l m a x i m i z e s its i n c l u s i v e f i tness ' e q u i v a l e n t to ' the g e n e t i c 

rep l ica tors m a x i m i z e thei r s u r v i v a l ' . A t least , there fore , the b io log i s t s h o u l d 

try bo th w a y s o f t h i n k i n g , a n d c h o o s e the o n e he o r she prefers . B u t I sa id 

this w a s a m i n i m u m h o p e . I shal l discuss p h e n o m e n a , ' m e i o t i c d r i v e ' for 

ins tance , w h o s e e x p l a n a t i o n i s l u c i d l y w r i t t e n on the s e c o n d face o f the c u b e , 

bu t w h i c h m a k e n o sense a t all i f w e k e e p o u r m e n t a l g a z e f i r m l y f i x e d o n the 

o ther face , tha t o f the selfish o r g a n i s m . M o v i n g f rom m y m i n i m u m h o p e t o 

my wi ldes t d a y d r e a m , i t i s t ha t w h o l e a reas o f b i o l o g y , the s t u d y o f a n i m a l 

c o m m u n i c a t i o n , a n i m a l a r te fac ts , pa ras i t i sm a n d s y m b i o s i s , c o m m u n i t y 

e c o l o g y , i n d e e d a l l i n t e r a c t i o n s b e t w e e n a n d w i t h i n o r g a n i s m s , w i l l 

e v e n t u a l l y b e i l l u m i n a t e d i n n e w w a y s b y the d o c t r i n e o f the e x t e n d e d 

p h e n o t y p e . As i s the w a y w i t h a d v o c a t e s , I sha l l t ry to m a k e the s t ronges t 

case I c a n , a n d this m e a n s the case for the w i l d e r hopes r a t h e r t h a n the m o r e 

cau t ious m i n i m u m e x p e c t a t i o n s . 

I f these g r a n d i o s e hopes a re e v e n t u a l l y r e a l i z e d , p e r h a p s a less m o d e s t 

a n a l o g y t h a n the N e c k e r C u b e w i l l b e p a r d o n e d . C o l i n T u r n b u l l ( 1 9 6 1 ) t ook 

a p y g m y fr iend, K e n g e , ou t o f the forest for the f i r s t t i m e in his l ife, a n d t h e y 

c l i m b e d a m o u n t a i n t o g e t h e r a n d l o o k e d ou t o v e r the p l a i n s . K e n g e s a w 

some buffalo ' g r a z i n g l az i l y seve ra l mi les a w a y , far d o w n b e l o w . H e t u r n e d 

t o m e a n d sa id . " W h a t insects a re t h o s e ? " . . . A t f i r s t I h a r d l y u n d e r s t o o d , 

then I r e a l i z e d tha t in the forest v i s ion is so l i m i t e d tha t the re is no g r e a t 

need t o m a k e a n a u t o m a t i c a l l o w a n c e for d i s t a n c e w h e n j u d g i n g s ize . O u t 

here i n the p la ins , K e n g e w a s l o o k i n g for the f i r s t t i m e o v e r a p p a r e n t l y 

u n e n d i n g mi les o f u n f a m i l i a r g ras s l ands , w i t h no t a t ree w o r t h t he n a m e to 

g i v e h i m a n y basis for c o m p a r i s o n . . . W h e n I to ld K e n g e t h a t the insects 

w e r e buffa lo , he roa red w i t h l a u g h t e r a n d to ld me no t t o te l l s u c h s tup id 

lies . . . ' (pp . 2 2 7 - 2 2 8 ) . 

T h i s b o o k as a w h o l e , then , is a w o r k of a d v o c a c y , b u t i t is a p o o r a d v o c a t e 



tha t l e aps p r e c i p i t a t e l y t o his c o n c l u s i o n w h e n the j u r y a re s c e p t i c a l . T h e 

s e c o n d face o f my N e c k e r C u b e i s u n l i k e l y t o c l i ck in to c l e a r focus unt i l near 

the end o f the b o o k . E a r l i e r c h a p t e r s p r e p a r e the g r o u n d , a t t e m p t t o forestall 

c e r t a i n risks o f m i s u n d e r s t a n d i n g , dissect the first face o f the N e c k e r C u b e in 

v a r i o u s w a y s , p o i n t u p reasons w h y the p a r a d i g m o f the selfish i n d i v i d u a l , i f 

no t a c t u a l l y i n c o r r e c t , c a n l e a d t o diff icul t ies . 

Pa r t s o f s o m e e a r l y c h a p t e r s a re f rank ly r e t ro spec t i ve a n d e v e n defens ive . 

R e a c t i o n to a p r e v i o u s w o r k ( D a w k i n s 1 9 7 6 a ) sugges ts tha t this b o o k i s l ike ly 

to ra ise need less fears t ha t i t p r o m u l g a t e s t w o u n p o p u l a r ' - i s m s ' — ' g e n e t i c 

d e t e r m i n i s m ' a n d ' a d a p t a t i o n i s m ' . I m y s e l f a d m i t to b e i n g i r r i t a ted by a book 

tha t p r o v o k e s me in to m u t t e r i n g ' Y e s b u t . . . ' on e v e r y p a g e , w h e n the au tho r 

c o u l d eas i ly h a v e fores ta l led m y w o r r y b y a l i t t le c o n s i d e r a t e e x p l a n a t i o n 

e a r l y o n . C h a p t e r s 2 a n d 3 t ry to r e m o v e a t least t w o m a j o r sources of ' yes -

b u t t e r y ' a t the ou tse t . 

C h a p t e r 4 o p e n s the case for the p r o s e c u t i o n aga ins t the selfish o rgan i sm, 

a n d b e g i n s t o h in t a t the s e c o n d a s p e c t o f the N e c k e r C u b e . C h a p t e r 5 opens 

the case for the ' r e p l i c a t o r ' a s the f u n d a m e n t a l un i t o f n a t u r a l se lec t ion . 

C h a p t e r 6 r e tu rns to the i n d i v i d u a l o r g a n i s m a n d shows h o w ne i the r it, nor 

a n y o t h e r m a j o r c a n d i d a t e e x c e p t the sma l l g e n e t i c f r a g m e n t , qual i f ies as a 

t rue r e p l i c a t o r . R a t h e r , the i n d i v i d u a l o r g a n i s m shou ld be t h o u g h t o f a s a 

' v e h i c l e ' for r e p l i c a t o r s . C h a p t e r 7 is a d ig ress ion on r e sea rch m e t h o d o l o g y . 

C h a p t e r 8 raises s o m e a w k w a r d a n o m a l i e s for the selfish o r g a n i s m , and 

C h a p t e r 9 c o n t i n u e s the t h e m e . C h a p t e r 10 discusses v a r i o u s not ions o f 

' i n d i v i d u a l f i t n e s s ' , a n d c o n c l u d e s t ha t t h e y a r e confus ing , a n d p r o b a b l y 

d i s p e n s a b l e . 

C h a p t e r s 1 1 , 1 2 a n d 1 3 a re the h e a r t o f the b o o k . T h e y d e v e l o p , b y 

g r a d u a l d e g r e e s , t he i d e a o f the e x t e n d e d p h e n o t y p e itself, the s econd face o f 

the N e c k e r C u b e . F i n a l l y , i n C h a p t e r 14 , w e tu rn b a c k w i t h refreshed 

cu r io s i t y to t he i n d i v i d u a l o r g a n i s m a n d ask w h y , after a l l , i t i s such a sal ient 

l e v e l i n the h i e r a r c h y o f life. 

• 
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2 Genetic Determinism 
and Gene Selectionism 

L o n g after his d e a t h , t e n a c i o u s r u m o u r s pers i s ted t h a t A d o l f H i t l e r 

had been seen a l i ve a n d w e l l i n S o u t h A m e r i c a , o r i n D e n m a r k , a n d for y e a r s 

a surpr is ing n u m b e r o f p e o p l e w i t h no l o v e for the m a n o n l y r e l u c t a n t l y 

a c c e p t e d tha t h e w a s d e a d ( T r e v o r - R o p e r 1 9 7 2 ) . I n the Fi rs t W o r l d W a r a 

s tory tha t a h u n d r e d t h o u s a n d R u s s i a n t roops h a d b e e n seen l a n d i n g in 

S c o t l a n d ' w i t h s n o w o n the i r b o o t s ' b e c a m e w i d e l y c u r r e n t , a p p a r e n t l y 

because o f the m e m o r a b l e v i v i d n e s s o f tha t s n o w ( T a y l o r 1 9 6 3 ) . I n o u r o w n 

t ime m y t h s s u c h a s t ha t o f c o m p u t e r s pe rs i s ten t ly s e n d i n g h o u s e h o l d e r s 

e lec t r ic i ty bi l ls for a m i l l i o n p o u n d s ( E v a n s 1 9 7 9 ) , o r o f w e l l - h e e l e d w e l f a r e -

sc roungers w i t h t w o e x p e n s i v e cars p a r k e d ou t s ide the i r g o v e r n m e n t -

subs id ized c o u n c i l houses , a re f ami l i a r t o the p o i n t o f c l i c h e . T h e r e a re s o m e 

fa lsehoods, o r ha l f - t ru ths , tha t s e e m to e n g e n d e r in us an a c t i v e des i re to 

be l i eve t h e m a n d pass t h e m o n e v e n i f w e find t h e m u n p l e a s a n t , m a y b e i n 

par t , pe rve r se ly , because we find t h e m u n p l e a s a n t . 

C o m p u t e r s a n d e l e c t r o n i c ' c h i p s ' p r o v o k e m o r e t h a n the i r fair sha re o f 

such m y t h - m a k i n g , p e r h a p s b e c a u s e c o m p u t e r t e c h n o l o g y a d v a n c e s a t a 

speed w h i c h i s l i t e ra l ly f r i gh t en ing . I k n o w an o ld pe r son w h o has i t on g o o d 

au thor i ty tha t ' c h i p s ' a re u s u r p i n g h u m a n func t ions t o the e x t e n t no t o n l y o f 

' d r i v ing t rac to rs ' b u t e v e n o f ' f e r t i l i z ing w o m e n ' . G e n e s , a s I sha l l s h o w , a r e 

the source o f w h a t m a y b e a n e v e n l a r g e r m y t h o l o g y t h a n c o m p u t e r s . 

I m a g i n e the resul t o f c o m b i n i n g these t w o p o w e r f u l m y t h s , the g e n e m y t h 

and the c o m p u t e r m y t h ! I b e l i e v e tha t I m a y h a v e i n a d v e r t e n t l y a c h i e v e d 

some such u n f o r t u n a t e synthes is in the m i n d s o f a few r eade r s o f my p r e v i o u s 

book , a n d the resul t w a s c o m i c m i s u n d e r s t a n d i n g . H a p p i l y , s u c h m i s 

u n d e r s t a n d i n g w a s no t w i d e s p r e a d , b u t i t i s w o r t h t r y i n g to a v o i d a r e p e a t o f 

i t here , a n d tha t i s o n e p u r p o s e of the p resen t c h a p t e r . I sha l l e x p o s e the 

m y t h o f g e n e t i c d e t e r m i n i s m , a n d e x p l a i n w h y i t i s neces sa ry to use l a n g u a g e 

that c a n be u n f o r t u n a t e l y m i s u n d e r s t o o d as g e n e t i c d e t e r m i n i s m . 

A r e v i e w e r of W i l s o n ' s (1978) On Human Nature, w r o t e : ' . . . a l t h o u g h he 

does no t go as far as R i c h a r d D a w k i n s (The Selfish Gene . . . ) in p r o p o s i n g sex-

9 



10 Genetic Determin i sm and Gene Selectionism 

l i n k e d g e n e s for " p h i l a n d e r i n g " , for W i l s o n h u m a n ma le s h a v e a gene t i c 

t e n d e n c y t o w a r d s p o l y g y n y , f emales t o w a r d s c o n s t a n c y (don ' t b l a m e y o u r 

m a t e s for s l e e p i n g a r o u n d , l ad ies , i t 's no t the i r faul t t hey are g e n e t i c a l l y 

p r o g r a m m e d ) . G e n e t i c d e t e r m i n i s m c o n s t a n t l y c reeps i n a t the b a c k d o o r ' 

( R o s e 1 9 7 8 ) . T h e r e v i e w e r ' s c l e a r i m p l i c a t i o n i s tha t the au tho r s he i s 

c r i t i c i z i n g b e l i e v e in the ex i s t ence o f g e n e s tha t force h u m a n ma le s to be 

i r r e m e d i a b l e p h i l a n d e r e r s w h o c a n n o t therefore b e b l a m e d for mar i t a l 

in f ide l i ty . T h e r e a d e r i s left w i t h the impress ion tha t those au tho r s are 

p r o t a g o n i s t s i n the ' n a t u r e o r n u r t u r e ' d e b a t e , a n d , m o r e o v e r , d ied- in - the -

w o o l h e r e d i t a r i a n s w i t h m a l e c h a u v i n i s t l e an ings . 

I n fact m y o r i g i n a l p a s s a g e a b o u t ' p h i l a n d e r e r m a l e s ' w a s not a b o u t 

h u m a n s . I t w a s a s i m p l e m a t h e m a t i c a l m o d e l o f s o m e unspec i f i ed a n i m a l 

(not t ha t i t ma t t e r s , I h a d a b i rd in m i n d ) . I t w a s no t e x p l i c i t l y (see b e l o w ) a 

m o d e l o f g e n e s , a n d i f i t h a d b e e n a b o u t genes t hey w o u l d h a v e been sex-

l i m i t e d , no t s e x - l i n k e d ! I t w a s a m o d e l of ' s t ra teg ies ' in the sense of M a y n a r d 

S m i t h ( 1 9 7 4 ) . T h e ' p h i l a n d e r e r ' s t r a t egy w a s p o s t u l a t e d , no t a s the w a y 

m a l e s b e h a v e , b u t a s o n e o f t w o h y p o t h e t i c a l a l t e rna t i ve s , the o the r b e i n g 

the ' f a i th fu l ' s t r a t e g y . T h e p u r p o s e o f this v e r y s i m p l e m o d e l w a s t o i l lustrate 

the k inds o f c o n d i t i o n s u n d e r w h i c h p h i l a n d e r i n g m i g h t b e f a v o u r e d b y 

n a t u r a l s e l ec t i on , a n d the k inds o f c o n d i t i o n s u n d e r w h i c h fai thfulness m igh t 

b e f a v o u r e d . T h e r e w a s n o p r e s u m p t i o n tha t p h i l a n d e r i n g w a s m o r e l ikely i n 

m a l e s t h a n fa i thfulness . I n d e e d , the p a r t i c u l a r run of the s imu la t i on that I 

p u b l i s h e d c u l m i n a t e d in a m i x e d m a l e p o p u l a t i o n in w h i c h faithfulness 

s l igh t ly p r e d o m i n a t e d ( D a w k i n s 1 9 7 6 a , p . 165 , a l t h o u g h see Schus te r & 

S i g m u n d 1 9 8 1 ) . T h e r e i s no t j u s t o n e m i s u n d e r s t a n d i n g i n R o s e ' s r emarks , 

b u t m u l t i p l e c o m p o u n d e d m i s u n d e r s t a n d i n g . T h e r e i s a w a n t o n eagerness to 

m i s u n d e r s t a n d . I t bea r s the s t a m p o f s n o w - c o v e r e d R u s s i a n j a c k b o o t s , o f 

l i t t le b l a c k m i c r o c h i p s m a r c h i n g to u su rp the m a l e role a n d steal o u r t ractor-

d r i v e r s ' j o b s . I t is a m a n i f e s t a t i o n of a p o w e r f u l m y t h , in this case the g rea t 

g e n e m y t h . 

T h e g e n e m y t h i s e p i t o m i z e d i n R o s e ' s p a r e n t h e t i c l i t t le j o k e a b o u t ladies 

no t b l a m i n g the i r m a t e s for s l e e p i n g a r o u n d . I t i s the m y t h o f ' gene t i c 

d e t e r m i n i s m ' . E v i d e n t l y , for R o s e , g e n e t i c d e t e r m i n i s m i s d e t e r m i n i s m in the 

full p h i l o s o p h i c a l sense o f i r r eve r s ib le i n e v i t a b i l i t y . He assumes tha t the 

e x i s t e n c e of a g e n e ' for ' X impl i e s tha t X c a n n o t be e s c a p e d . In the words of 

a n o t h e r c r i t i c o f ' g e n e t i c d e t e r m i n i s m ' , G o u l d ( 1 9 7 8 , p . 238) , ' I f w e are 

p r o g r a m m e d t o b e w h a t w e a re , then these traits a re i n e l u c t a b l e . W e m a y , a t 

bes t , c h a n n e l t h e m , b u t w e c a n n o t c h a n g e t h e m e i the r b y w i l l , e d u c a t i o n , o r 

c u l t u r e . ' 

T h e v a l i d i t y o f the d e t e r m i n i s t po in t o f v i e w a n d , s epa ra t e ly , its b e a r i n g 

on an i n d i v i d u a l ' s m o r a l r e spons ib i l i ty for his ac t ions , has b e e n d e b a t e d by 

p h i l o s o p h e r s a n d t h e o l o g i a n s for cen tu r i e s pas t , a n d no d o u b t wi l l be for 

c en tu r i e s to c o m e . I suspec t tha t b o t h R o s e a n d G o u l d a re de te rmin is t s in 
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that they b e l i e v e in a p h y s i c a l , ma te r i a l i s t i c basis for a l l o u r a c t i o n s . So am I . 

W e w o u l d a lso p r o b a b l y a l l th ree a g r e e tha t h u m a n n e r v o u s sys tems a r e s o 

c o m p l e x tha t i n p r a c t i c e w e c a n forget a b o u t d e t e r m i n i s m a n d b e h a v e a s i f 

w e h a d free w i l l . N e u r o n e s m a y b e ampl i f i e r s o f f u n d a m e n t a l l y i n d e t e r m i n a t e 

phys i ca l even t s . T h e o n l y po in t I w i s h to m a k e i s tha t , w h a t e v e r v i e w o n e 

takes on the q u e s t i o n o f d e t e r m i n i s m , the inser t ion o f the w o r d ' g e n e t i c ' i s 

not g o i n g to m a k e a n y d i f fe rence . I f y o u are a f u l l - b l o o d e d d e t e r m i n i s t y o u 

wi l l b e l i e v e tha t all y o u r ac t ions a re p r e d e t e r m i n e d by p h y s i c a l causes in the 

past , a n d y o u m a y o r m a y no t a lso b e l i e v e tha t y o u the re fore c a n n o t b e h e l d 

responsib le for y o u r s e x u a l inf idel i t ies . B u t , be t ha t a s i t m a y , w h a t 

di f ference c a n i t poss ib ly m a k e w h e t h e r s o m e o f those p h y s i c a l causes a re 

genetic? W h y a re g e n e t i c d e t e r m i n a n t s t h o u g h t t o b e a n y m o r e i n e l u c t a b l e , o r 

b l a m e - a b s o l v i n g , than ' e n v i r o n m e n t a l ' o n e s ? 

T h e be l i e f tha t g e n e s a re s o m e h o w s u p e r - d e t e r m i n i s t i c , i n c o m p a r i s o n 

wi th e n v i r o n m e n t a l causes , i s a m y t h o f e x t r a o r d i n a r y t e n a c i t y , a n d i t c a n 

g i v e rise to rea l e m o t i o n a l distress. I w a s o n l y d i m l y a w a r e o f this un t i l i t w a s 

m o v i n g l y b r o u g h t h o m e to me in a q u e s t i o n session a t a m e e t i n g of the 

A m e r i c a n A s s o c i a t i o n for the A d v a n c e m e n t o f S c i e n c e i n 1 9 7 8 . A y o u n g 

w o m a n asked the l ec tu re r , a p r o m i n e n t ' s o c i o b i o l o g i s t ' , w h e t h e r t he re w a s 

any e v i d e n c e for g e n e t i c sex di f ferences in h u m a n p s y c h o l o g y . I h a r d l y h e a r d 

the l ec tu re r ' s a n s w e r , so as ton ished w a s I by the e m o t i o n w i t h w h i c h the 

ques t ion w a s pu t . T h e w o m a n s e e m e d t o set g r e a t s tore b y the a n s w e r a n d 

was a lmos t in tears . A f t e r a m o m e n t o f g e n u i n e a n d i n n o c e n t ba f f l emen t the 

e x p l a n a t i o n hit m e . S o m e t h i n g o r s o m e b o d y , c e r t a i n l y no t the e m i n e n t 

soc iobio logis t himself, h a d mis led her in to t h i n k i n g tha t g e n e t i c d e t e r m i 

nat ion is for k e e p s ; she ser ious ly b e l i e v e d tha t a ' y e s ' a n s w e r to he r q u e s t i o n 

w o u l d , i f co r rec t , c o n d e m n he r as a f e m a l e i n d i v i d u a l to a life of f e m i n i n e 

pursuits, c h a i n e d to the nu r se ry a n d the k i t c h e n sink. B u t if, u n l i k e mos t o f 

us, she is a de t e rmin i s t in tha t s t rong C a l v i n i s t i c sense, she s h o u l d be e q u a l l y 

upset w h e t h e r the c a u s a l factors c o n c e r n e d a re g e n e t i c o r ' e n v i r o n m e n t a l ' . 

W h a t does i t e v e r m e a n t o say tha t s o m e t h i n g d e t e r m i n e s s o m e t h i n g ? 

Phi losophers , poss ib ly w i t h j u s t i f i ca t i on , m a k e h e a v y w e a t h e r o f the c o n c e p t 

of causa t ion , bu t to a w o r k i n g b io log i s t c a u s a t i o n is a r a t h e r s i m p l e s ta t i s t ica l 

concep t . O p e r a t i o n a l l y w e c a n n e v e r d e m o n s t r a t e tha t a p a r t i c u l a r o b s e r v e d 

event C c a u s e d a p a r t i c u l a r resul t R, a l t h o u g h i t w i l l often be j u d g e d h i g h l y 

l ikely. W h a t b io logis t s in p r a c t i c e u s u a l l y do is to es tab l i sh statistically tha t 

events o f class R r e l i a b l y fo l low even t s o f class C . T h e y n e e d a n u m b e r o f 

paired ins tances o f the t w o classes o f even t s i n o r d e r to do s o : o n e a n e c d o t e i s 

not e n o u g h . 

E v e n the o b s e r v a t i o n tha t R even t s r e l i a b l y t end to fo l l ow C e v e n t s after a 

re la t ive ly f ixed t ime i n t e r v a l p r o v i d e s o n l y a w o r k i n g h y p o t h e s i s tha t C 

events cause R even t s . T h e hypo thes i s i s c o n f i r m e d , w i t h i n the l imi t s o f the 

statistical m e t h o d , o n l y i f the C even t s a re d e l i v e r e d by an experimenter r a t he r 
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t han s i m p l y n o t e d by an o b s e r v e r , a n d are still r e l i a b l y f o l l o w e d by R events . 

I t i s no t neces sa ry tha t e v e r y C shou ld be fo l l owed by an R, no r tha t eve ry R 

shou ld be p r e c e d e d by a C ( w h o has no t h a d to c o n t e n d w i t h a r g u m e n t s such 

as ' s m o k i n g c a n n o t c a u s e l u n g c a n c e r , b e c a u s e I k n e w a n o n - s m o k e r w h o 

d i e d o f it , a n d a h e a v y s m o k e r w h o i s still g o i n g s t rong a t n i n e t y ' ? ) . 

S t a t i s t i ca l m e t h o d s a re d e s i g n e d to h e l p us assess, to a n y specif ied level o f 

p r o b a b i l i s t i c c o n f i d e n c e , w h e t h e r the results we o b t a i n r ea l ly i nd i ca t e a 

c a u s a l r e l a t i o n s h i p . 

If, t hen , i t w e r e t rue tha t the possession of a Y c h r o m o s o m e h a d a causa l 

i n f luence o n , say , m u s i c a l ab i l i t y o r fondness for kn i t t i ng , w h a t w o u l d this 

m e a n ? I t w o u l d m e a n tha t , i n s o m e specif ied p o p u l a t i o n a n d i n some 

spec i f ied e n v i r o n m e n t , an o b s e r v e r i n possession o f i n f o r m a t i o n a b o u t an 

i n d i v i d u a l ' s sex w o u l d be a b l e to m a k e a s ta t i s t ica l ly m o r e a c c u r a t e 

p r e d i c t i o n as to the pe r son ' s m u s i c a l a b i l i t y t han an o b s e r v e r i g n o r a n t o f the 

pe r son ' s sex . T h e e m p h a s i s i s on the w o r d ' s t a t i s t i ca l ly ' , a n d let us t h row in 

a n ' o t h e r th ings b e i n g e q u a l ' for g o o d m e a s u r e . T h e obse rve r m i g h t b e 

p r o v i d e d w i t h s o m e a d d i t i o n a l i n f o r m a t i o n , say o n the person ' s e d u c a t i o n o r 

u p b r i n g i n g , w h i c h w o u l d l ead h i m to rev ise , o r e v e n reverse , his p red ic t ion 

based on sex . I f f emales a re s ta t i s t ica l ly m o r e l ike ly t han ma le s to enjoy 

k n i t t i n g , this does no t m e a n tha t a l l f emales en joy kn i t t i ng , no r e v e n that a 

m a j o r i t y d o . 

I t i s a l so fu l ly c o m p a t i b l e w i t h the v i e w tha t the r eason females enjoy 

k n i t t i n g i s t h a t soc i e ty b r i n g s t h e m up to en joy kn i t t i ng . I f socie ty 

s y s t e m a t i c a l l y t ra ins c h i l d r e n w i t h o u t penises to kni t a n d p l a y w i t h dol ls , 

a n d t ra ins c h i l d r e n w i t h penises t o p l a y w i t h g u n s a n d toy soldiers , a n y 

r e su l t i ng d i f fe rences in m a l e a n d f e m a l e p re fe rences are s t r ic t ly s p e a k i n g 

g e n e t i c a l l y d e t e r m i n e d d i f fe rences ! T h e y a re d e t e r m i n e d , t h r o u g h the 

m e d i u m of soc i e t a l c u s t o m , by the fact o f possession o r non-possess ion o f a 

pen i s , a n d tha t i s d e t e r m i n e d (in a n o r m a l e n v i r o n m e n t a n d in the absence 

o f i n g e n i o u s p las t i c s u r g e r y o r h o r m o n e t h e r a p y ) b y sex c h r o m o s o m e s . 

O b v i o u s l y , o n this v i e w , i f w e e x p e r i m e n t a l l y b r o u g h t u p a s a m p l e o f boys 

t o p l a y w i t h do l l s a n d a s a m p l e o f gir ls t o p l a y w i t h g u n s , we w o u l d expec t 

eas i ly t o r eve r se the n o r m a l p re fe rences . T h i s m i g h t be an in teres t ing 

e x p e r i m e n t to d o , for the resul t j u s t m i g h t tu rn ou t to be tha t gir ls still prefer 

do l l s a n d b o y s sti l l prefer g u n s . I f so, this m i g h t tell us s o m e t h i n g a b o u t the 

t e n a c i t y , in the face of a particular e n v i r o n m e n t a l m a n i p u l a t i o n , of a gene t i c 

d i f fe rence . B u t a l l g e n e t i c causes h a v e to w o r k in the c o n t e x t o f an 

e n v i r o n m e n t o f s o m e k i n d . I f a g e n e t i c sex d i f ference m a k e s i tse l f felt t h rough 

the m e d i u m of a s e x - b i a s e d e d u c a t i o n sys t em, i t is still a g e n e t i c d i f ference. I f 

i t m a k e s i tse l f felt t h r o u g h s o m e o t h e r m e d i u m , such tha t m a n i p u l a t i o n s o f 

the e d u c a t i o n s y s t e m do no t p e r t u r b it, i t is, in p r i n c i p l e , no m o r e a n d no less 

a g e n e t i c d i f fe rence t h a n in the former , e d u c a t i o n - s e n s i t i v e c a s e : no d o u b t 

s o m e o t h e r e n v i r o n m e n t a l m a n i p u l a t i o n c o u l d be found w h i c h did p e r t u r b it. 
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H u m a n p s y c h o l o g i c a l a t t r ibu tes v a r y a l o n g a l m o s t a s m a n y d i m e n s i o n s a s 

psycho log i s t s c a n m e a s u r e . I t i s diff icul t i n p r a c t i c e ( K e m p t h o r n e 1 9 7 8 ) , b u t 

i n p r i nc ip l e w e c o u l d p a r t i t i o n this v a r i a t i o n a m o n g s u c h p u t a t i v e c a u s a l 

factors a s a g e , h e i g h t , yea r s o f e d u c a t i o n , t y p e o f e d u c a t i o n c lass i f ied in 

m a n y different w a y s , n u m b e r o f s ib l ings , b i r th o rde r , c o l o u r o f m o t h e r ' s e y e s , 

father 's skill i n s h o e i n g horses , a n d , o f cou r se , sex c h r o m o s o m e s . W e c o u l d 

also e x a m i n e t w o - w a y a n d m u l t i - w a y i n t e r ac t i ons b e t w e e n s u c h fac to r s . F o r 

present purposes the i m p o r t a n t po in t i s t ha t the v a r i a n c e we seek to e x p l a i n 

wi l l h a v e m a n y causes , w h i c h i n t e r a c t i n c o m p l e x w a y s . U n d o u b t e d l y 

gene t i c v a r i a n c e i s a s ign i f i can t c a u s e o f m u c h p h e n o t y p i c v a r i a n c e in 

obse rved p o p u l a t i o n s , b u t its effects m a y b e o v e r r i d d e n , m o d i f i e d , e n h a n c e d 

o r reversed b y o t h e r causes . G e n e s m a y m o d i f y the effects o f o t h e r g e n e s , a n d 

m a y mod i fy the effects o f the e n v i r o n m e n t . E n v i r o n m e n t a l e v e n t s , b o t h 

in te rna l a n d e x t e r n a l , m a y m o d i f y the effects o f g e n e s , a n d m a y m o d i f y the 

effects o f o the r e n v i r o n m e n t a l even t s . 

P e o p l e s e e m to h a v e l i t t le d i f f icul ty i n a c c e p t i n g the m o d i f i a b i l i t y o f 

' e n v i r o n m e n t a l ' effects o n h u m a n d e v e l o p m e n t . I f a c h i l d has h a d b a d 

t e a c h i n g in m a t h e m a t i c s , i t i s a c c e p t e d tha t the r e s u l t i n g d e f i c i e n c y c a n be 

r e m e d i e d b y e x t r a g o o d t e a c h i n g the f o l l o w i n g y e a r . B u t a n y s u g g e s t i o n tha t 

the ch i ld ' s m a t h e m a t i c a l d e f i c i e n c y m i g h t h a v e a g e n e t i c o r i g i n i s l i k e l y to be 

g ree ted w i t h s o m e t h i n g a p p r o a c h i n g d e s p a i r : i f i t i s in the g e n e s ' i t i s 

wr i t t en ' , i t i s ' d e t e r m i n e d ' a n d n o t h i n g c a n be d o n e a b o u t i t ; y o u m i g h t a s 

we l l g i v e up a t t e m p t i n g to t e a c h the c h i l d m a t h e m a t i c s . T h i s i s p e r n i c i o u s 

rubb i sh o n a n a lmos t a s t r o l o g i c a l sca le . G e n e t i c causes a n d e n v i r o n m e n t a l 

causes are i n p r i n c i p l e n o different f rom e a c h o the r . S o m e in f luences o f b o t h 

types m a y b e h a r d t o r e v e r s e ; o thers m a y b e easy t o r eve r se . S o m e m a y b e 

usua l ly h a r d t o reverse b u t easy i f the r i gh t a g e n t i s a p p l i e d . T h e i m p o r t a n t 

po in t i s tha t there i s no g e n e r a l reason for e x p e c t i n g g e n e t i c i n f luences to be 

a n y m o r e i r r eve r s ib le t h a n e n v i r o n m e n t a l ones . 

W h a t d id genes d o t o d e s e r v e thei r s inister , j u g g e r n a u t - l i k e r e p u t a t i o n ? 

W h y d o w e no t m a k e a s imi la r b o g e y o u t of, say , n u r s e r y e d u c a t i o n o r 

con f i rma t ion c lasses? W h y a re genes t h o u g h t t o b e s o m u c h m o r e f i x e d a n d 

i n e s c a p a b l e i n thei r effects t h a n te lev i s ion , nuns , o r b o o k s ? D o n ' t b l a m e y o u r 

ma tes for s l eep ing a r o u n d , l ad ies , it 's no t the i r faul t t hey h a v e b e e n i n f l a m e d 

b y p o r n o g r a p h i c l i t e r a t u r e ! T h e a l l e g e d J e su i t boas t , ' G i v e m e the c h i l d for 

his f i r s t seven yea r s , a n d I ' l l g i v e y o u the m a n ' , m a y h a v e s o m e t ru th i n i t . 

E d u c a t i o n a l , o r o t h e r c u l t u r a l in f luences m a y , i n s o m e c i r c u m s t a n c e s , b e j u s t 

a s u n m o d i f i a b l e a n d i r r eve r s ib le a s g e n e s a n d ' s tars ' a re p o p u l a r l y t h o u g h t to 

be . 

I suppose pa r t of the reason genes h a v e b e c o m e d e t e r m i n i s t i c b o g e y s is a 

confusion resu l t ing f rom the w e l l - k n o w n fac t o f the n o n - i n h e r i t a n c e o f 

a c q u i r e d cha rac t e r i s t i c s . Befo re this c e n t u r y i t w a s w i d e l y b e l i e v e d tha t 

e x p e r i e n c e a n d o the r acqu i s i t i ons o f a n i n d i v i d u a l ' s l i fe t ime w e r e s o m e h o w 
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i m p r i n t e d o n the h e r e d i t a r y s u b s t a n c e a n d t r ansmi t t ed t o the ch i ld ren . T h e 

a b a n d o n i n g o f this bel ief , a n d its r e p l a c e m e n t b y W e i s m a n n ' s doc t r ine o f the 

c o n t i n u i t y o f the g e r m p l a s m , a n d its m o l e c u l a r c o u n t e r p a r t the ' cen t ra l 

d o g m a ' , i s o n e o f the g r e a t a c h i e v e m e n t s o f m o d e r n b i o l o g y . I f w e s teep 

ou r se lves i n the i m p l i c a t i o n s o f W e i s m a n n i a n o r t h o d o x y , there rea l ly does 

s e e m t o b e s o m e t h i n g j u g g e r n a u t - l i k e a n d i n e x o r a b l e a b o u t genes . T h e y 

m a r c h t h r o u g h g e n e r a t i o n s , i n f l u e n c i n g the fo rm a n d b e h a v i o u r o f a 

success ion o f m o r t a l bod i e s , bu t , e x c e p t for r a re a n d non-speci f ic m u t a g e n i c 

effects, t h e y a re n e v e r i n f luenced by the e x p e r i e n c e o r e n v i r o n m e n t o f those 

b o d i e s . T h e g e n e s i n m e c a m e from m y four g r a n d p a r e n t s ; they f l o w e d 

s t r a igh t t h r o u g h m y p a r e n t s t o m e , a n d n o t h i n g tha t m y pa ren t s a c h i e v e d , 

a c q u i r e d , l e a r n e d o r e x p e r i e n c e d h a d a n y effect on those genes as they 

f lowed t h r o u g h . P e r h a p s the re is s o m e t h i n g a l i t t le sinister a b o u t that . Bu t , 

h o w e v e r i n e x o r a b l e a n d u n d e v i a t i n g the g e n e s m a y b e a s t hey m a r c h d o w n 

the g e n e r a t i o n s , the n a t u r e o f the i r p h e n o t y p i c effects on the bod ies they f low 

t h r o u g h i s by no m e a n s i n e x o r a b l e a n d u n d e v i a t i n g . I f I am h o m o z y g o u s for 

a g e n e G, n o t h i n g s ave m u t a t i o n c a n p r e v e n t my pass ing G on to all my 

c h i l d r e n . S o m u c h i s i n e x o r a b l e . B u t w h e t h e r o r no t I , o r m y ch i ld r en , show 

the p h e n o t y p i c effect n o r m a l l y assoc ia ted w i t h possession o f G m a y d e p e n d 

v e r y m u c h o n h o w w e a re b r o u g h t u p , w h a t d ie t o r e d u c a t i o n w e e x p e r i e n c e , 

a n d w h a t o t h e r g e n e s w e h a p p e n t o possess. S o , o f the t w o effects that genes 

h a v e o n the w o r l d — m a n u f a c t u r i n g cop ie s o f t hemse lves , a n d in f luenc ing 

p h e n o t y p e s — t h e first i s i n f l ex ib l e a p a r t f rom the ra re poss ib i l i ty o f m u t a t i o n ; 

the s e c o n d m a y be e x c e e d i n g l y f lexible . I th ink a confus ion b e t w e e n 

e v o l u t i o n a n d d e v e l o p m e n t is, t hen , p a r t l y r e spons ib le for the m y t h o f 

g e n e t i c d e t e r m i n i s m . 

B u t the re i s a n o t h e r m y t h c o m p l i c a t i n g ma t t e r s , a n d I h a v e a l r e a d y 

m e n t i o n e d i t a t the b e g i n n i n g o f this c h a p t e r . T h e c o m p u t e r m y t h i s a lmost 

a s d e e p - s e a t e d in the m o d e r n m i n d a s the g e n e m y t h . N o t i c e tha t bo th 

passages I q u o t e d c o n t a i n the w o r d ' p r o g r a m m e d ' . T h u s R o s e sa rcas t i ca l ly 

a b s o l v e d p r o m i s c u o u s m e n f rom b l a m e b e c a u s e t h e y a re g e n e t i c a l l y 

programmed. G o u l d says tha t i f we a re programmed to be w h a t we are then these 

trai ts a r e i n e l u c t a b l e . A n d i t i s t rue tha t we o r d i n a r i l y use the w o r d 

p r o g r a m m e d to i nd i ca t e u n t h i n k i n g inf lexibi l i ty , the ant i thesis o f f reedom 

o f a c t i o n . C o m p u t e r s a n d ' r o b o t s ' a re , b y r e p u t e , no to r ious ly inf lexib le , 

c a r r y i n g o u t in s t ruc t ions to the le t ter , e v e n i f the c o n s e q u e n c e s a r e o b v i o u s l y 

a b s u r d . W h y else w o u l d t hey send o u t those f a m o u s m i l l i o n p o u n d bills that 

e v e r y b o d y ' s f r i end ' s f r iend ' s cous in ' s a c q u a i n t a n c e keeps r e c e i v i n g ? I h a d 

fo rgo t t en the g r e a t c o m p u t e r m y t h , a s w e l l a s the g r e a t g e n e m y t h , o r I 

w o u l d h a v e b e e n m o r e care fu l w h e n I m y s e l f w r o t e o f g e n e s s w a r m i n g ' ins ide 

g i g a n t i c l u m b e r i n g robo t s . . . ' , a n d o f ou r se lves a s ' s u r v i v a l m a c h i n e s — r o b o t 

v e h i c l e s b l i n d l y p r o g r a m m e d to p re se rve the selfish m o l e c u l e s k n o w n as 

g e n e s ' ( D a w k i n s 1 9 7 6 a ) . T h e s e passages h a v e b e e n t r i u m p h a n t l y q u o t e d , 
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a n d r e q u o t e d a p p a r e n t l y f rom s e c o n d a r y a n d e v e n t e r t i a ry sou rces , a s 

e x a m p l e s o f r a b i d g e n e t i c d e t e r m i n i s m (e .g . ' N a b i ' 1 9 8 1 ) . I a m n o t 

a p o l o g i z i n g for u s ing the l a n g u a g e o f robo t i c s . I w o u l d use i t a g a i n w i t h o u t 

hes i ta t ion . B u t I n o w r ea l i z e tha t i t i s neces sa ry to g i v e m o r e e x p l a n a t i o n . 

F r o m 13 y e a r s ' e x p e r i e n c e o f t e a c h i n g it, I k n o w tha t a m a i n p r o b l e m w i t h 

the ' se l f ish-gene s u r v i v a l m a c h i n e ' w a y o f l o o k i n g a t n a t u r a l s e l ec t i on i s a 

p a r t i c u l a r risk o f m i s u n d e r s t a n d i n g . T h e m e t a p h o r o f the i n t e l l i g e n t g e n e 

r e c k o n i n g up h o w best to ensure its o w n s u r v i v a l ( H a m i l t o n 1972 ) i s a 

power fu l a n d i l l u m i n a t i n g o n e . B u t i t i s a l l too easy to g e t c a r r i e d a w a y , a n d 

a l l o w h y p o t h e t i c a l g e n e s c o g n i t i v e w i s d o m a n d fo res igh t i n p l a n n i n g the i r 

' s t r a t egy ' . A t leas t t h ree ou t o f t w e l v e m i s u n d e r s t a n d i n g s o f k in s e l ec t ion 

( D a w k i n s 1979a ) a re d i r e c t l y a t t r i b u t a b l e t o this bas i c e r ror . T i m e a n d 

a g a i n , non-b io log i s t s h a v e t r ied to jus t i fy a fo rm of g r o u p se l ec t ion to me b y , 

in effect, i m p u t i n g fores ight to g e n e s : ' T h e l o n g - t e r m interes ts o f a g e n e 

r equ i re the c o n t i n u e d ex i s t ence o f the s p e c i e s ; the re fore s h o u l d n ' t y o u e x p e c t 

a d a p t a t i o n s t o p r e v e n t spec ies e x t i n c t i o n , e v e n a t the e x p e n s e o f s h o r t - t e r m 

i n d i v i d u a l r e p r o d u c t i v e s u c c e s s ? ' I t w a s in an a t t e m p t to foresta l l e r rors l ike 

this tha t I used the l a n g u a g e o f a u t o m a t i o n a n d r o b o t i c s , a n d used the w o r d 

' b l i n d l y ' i n re fe r r ing to g e n e t i c p r o g r a m m i n g . B u t i t is, o f cou r se , the g e n e s 

tha t a re b l i n d , no t the a n i m a l s t hey p r o g r a m . N e r v o u s sys tems , l ike m a n -

m a d e c o m p u t e r s , c a n b e suff ic ient ly c o m p l e x t o s h o w i n t e l l i g e n c e a n d 

foresight . 

S y m o n s ( 1 9 7 9 ) m a k e s the c o m p u t e r m y t h e x p l i c i t : 

I w i s h to po in t o u t tha t D a w k i n s ' s i m p l i c a t i o n — t h r o u g h the use o f 

w o r d s l ike ' r o b o t ' a n d ' b l i n d l y ' — t h a t e v o l u t i o n a r y t h e o r y favors 

d e t e r m i n i s m is u t t e r ly w i t h o u t f o u n d a t i o n . . . A r o b o t is a m ind l e s s 

a u t o m a t o n . P e r h a p s s o m e a n i m a l s a re robo t s ( w e h a v e n o w a y o f 

k n o w i n g ) ; h o w e v e r , D a w k i n s i s no t re fe r r ing to some a n i m a l s , b u t to 

a l l a n i m a l s a n d in this case spec i f i ca l ly t o h u m a n b e i n g s . N o w , t o 

p a r a p h r a s e S t e b b i n g , ' r o b o t ' c a n b e o p p o s e d t o ' t h i n k i n g b e i n g ' o r i t 

c a n be used f igura t ive ly to i n d i c a t e a p e r s o n w h o seems to a c t 

m e c h a n i c a l l y , b u t there i s n o c o m m o n u s a g e o f l a n g u a g e tha t 

p r o v i d e s a m e a n i n g for the w o r d ' r o b o t ' i n w h i c h i t w o u l d m a k e sense 

to say tha t a l l l i v i n g th ings a re robo t s [p . 4 1 ] . 

T h e po in t o f the p a s s a g e f rom S t e b b i n g w h i c h S y m o n s p a r a p h r a s e d i s the 

r ea sonab le o n e tha t X is a useless w o r d unless the re a re s o m e th ings tha t a re 

not X . I f e v e r y t h i n g i s a r o b o t , then the w o r d r o b o t d o e s n ' t m e a n a n y t h i n g 

useful. B u t the w o r d r o b o t has o t h e r a s soc ia t ions , a n d r i g id in f l ex ib i l i t y w a s 

not the assoc ia t ion I w a s t h i n k i n g of. A r o b o t is a p r o g r a m m e d m a c h i n e , a n d 

an i m p o r t a n t t h i n g a b o u t p r o g r a m m i n g i s t ha t i t i s d i s t inc t f rom, a n d d o n e 

in a d v a n c e of, p e r f o r m a n c e of t he b e h a v i o u r itself. A c o m p u t e r i s 
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p r o g r a m m e d t o p e r f o r m the b e h a v i o u r o f c a l c u l a t i n g s q u a r e roots , o r p l a y i n g 

chess . T h e r e l a t i o n s h i p b e t w e e n a c h e s s - p l a y i n g c o m p u t e r a n d the person 

w h o p r o g r a m m e d i t i s no t o b v i o u s , a n d i s o p e n to m i s u n d e r s t a n d i n g . I t 

m i g h t b e t h o u g h t tha t the p r o g r a m m e r w a t c h e s the progress o f the g a m e a n d 

g i v e s ins t ruc t ions t o the c o m p u t e r m o v e b y m o v e . I n fact , h o w e v e r , the 

p r o g r a m m i n g i s f inished before the g a m e b e g i n s . T h e p r o g r a m m e r tries t o 

a n t i c i p a t e c o n t i n g e n c i e s , a n d bu i ld s i n c o n d i t i o n a l ins t ruc t ions o f g rea t 

c o m p l e x i t y , b u t o n c e the g a m e beg ins he has to k e e p his h a n d s off. He i s no t 

a l l o w e d t o g i v e the c o m p u t e r a n y n e w hints d u r i n g the cour se o f the g a m e . I f 

he d id he w o u l d not be p r o g r a m m i n g bu t p e r f o r m i n g , a n d his en t ry w o u l d 

be d i squa l i f i ed f rom the t o u r n a m e n t . In the w o r k c r i t i c i z ed by S y m o n s , I 

m a d e e x t e n s i v e use o f the a n a l o g y o f c o m p u t e r chess i n o r d e r t o e x p l a i n the 

p o i n t t ha t g e n e s do no t c o n t r o l b e h a v i o u r d i r e c t l y i n the sense o f in terfer ing 

i n its p e r f o r m a n c e . T h e y o n l y con t ro l b e h a v i o u r i n the sense o f p r o g r a m m i n g 

the m a c h i n e in advance o f p e r f o r m a n c e . I t w a s this a ssoc ia t ion w i t h the w o r d 

r o b o t tha t I w a n t e d to i n v o k e , not the assoc ia t ion w i t h mind less inf lexib i l i ty . 

As for the mind l e s s in f l ex ib i l i t y assoc ia t ion itself, i t c o u l d h a v e been 

jus t i f i ed i n the d a y s w h e n the a c m e o f a u t o m a t i o n w a s the rod a n d c a m 

con t ro l s y s t e m o f a m a r i n e e n g i n e , a n d K i p l i n g w r o t e ' M c A n d r e w ' s H y m n ' : 

F r o m c o u p l e r - f l a n g e t o s p i n d l e - g u i d e I see T h y H a n d , O G o d -

P r e d e s t i n a t i o n in the s t r ide o ' y o n c o n n e c t i n ' - r o d . 

J o h n C a l v i n m i g h t h a ' fo rged the s a m e — 

B u t t ha t w a s 1893 a n d the h e y d a y o f s t e a m . W e a re n o w w e l l e m b a r k e d o n 

the g o l d e n a g e o f e l e c t r o n i c s . I f m a c h i n e s e v e r had assoc ia t ions w i t h r igid 

in f l ex ib i l i ty— a n d I a c c e p t tha t t hey h a d — i t i s h i g h t ime they l ived t h e m 

d o w n . C o m p u t e r p r o g r a m s h a v e n o w b e e n w r i t t e n tha t p l a y chess t o 

I n t e r n a t i o n a l M a s t e r s t a n d a r d ( L e v y 1 9 7 8 ) , tha t c o n v e r s e a n d reason i n 

c o r r e c t a n d inde f in i t e ly c o m p l e x g r a m m a t i c a l E n g l i s h ( W i n o g r a d 1 9 7 2 ) , 

t ha t c r e a t e e l e g a n t a n d a e s t h e t i c a l l y sa t is fying n e w proofs o f m a t h e m a t i c a l 

t h e o r e m s ( H o f s t a d t e r 1 9 7 9 ) , tha t c o m p o s e mus i c a n d d i a g n o s e i l lness ; a n d 

the p a c e o f p rogress i n the f i e l d shows n o s ign o f s l o w i n g d o w n ( E v a n s 1979 ) . 

T h e a d v a n c e d p r o g r a m m i n g f i e ld k n o w n as ar t i f ic ia l i n t e l l i g e n c e i s in a 

b u o y a n t , c o n f i d e n t s ta te ( B o d e n 1 9 7 7 ) . F e w w h o h a v e s tud ied i t w o u l d n o w 

be t a g a i n s t c o m p u t e r p r o g r a m s b e a t i n g the s t ronges t G r a n d M a s t e r s a t chess 

w i t h i n the n e x t 1 0 y e a r s . F r o m b e i n g s y n o n y m o u s i n the p o p u l a r m i n d wi th 

a m o r o n i c a l l y u n d e v i a t i n g , j e r k y - l i m b e d z o m b i e , ' r o b o t ' w i l l o n e d a y 

b e c o m e a b y w o r d for f l ex ib i l i ty a n d r ap id i n t e l l i g e n c e . 

U n f o r t u n a t e l y I j u m p e d the g u n a l i t t le in the p a s s a g e q u o t e d . W h e n I 

w r o t e i t I h a d j u s t r e t u r n e d from an e y e - o p e n i n g a n d m i n d - b o g g l i n g 

c o n f e r e n c e o n the s ta te o f the ar t o f a r t i f ic ia l i n t e l l i g e n c e p r o g r a m m i n g , and 
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I g e n u i n e l y a n d i n n o c e n t l y in my e n t h u s i a s m fo rgo t t h a t r obo t s a re 

p o p u l a r l y supposed to be in f l ex ib le id iots . I a l so h a v e to a p o l o g i z e for the 

fact that , w i t h o u t m y k n o w l e d g e , the c o v e r o f the G e r m a n e d i t i o n o f The 

Selfish Gene w a s g i v e n a p i c t u r e of a h u m a n p u p p e t j e r k i n g on the e n d of 

strings d e s c e n d i n g f rom the w o r d g e n e , a n d the F r e n c h e d i t i o n a p i c t u r e o f 

little b o w l e r - h a t t e d m e n w i t h c l o c k w o r k w i n d - u p keys s t i c k i n g o u t o f the i r 

backs . I h a v e h a d sl ides o f b o t h c o v e r s m a d e up a s i l lus t ra t ions o f w h a t I w a s 

not t r y i n g to say. 

S o , the a n s w e r t o S y m o n s i s tha t o f cour se he w a s r i g h t t o c r i t i c i z e w h a t 

he t h o u g h t I w a s s a y i n g , b u t o f cour se I w a s n ' t a c t u a l l y s a y i n g i t ( R i d l e y 

1980a) . No d o u b t I w a s p a r t l y to b l a m e for the o r i g i n a l m i s u n d e r s t a n d i n g , 

bu t I c a n o n l y u r g e n o w tha t we p u t as ide the p r e c o n c e p t i o n s d e r i v e d from 

c o m m o n usage ( ' . . . m o s t m e n d o n ' t u n d e r s t a n d c o m p u t e r s t o e v e n the 

sl ightest d e g r e e ' — W e i z e n b a u m 1 9 7 6 , p . 9 ) , a n d a c t u a l l y g o a n d r e a d s o m e 

o f the f a sc ina t ing m o d e r n l i t e r a tu re o n robo t i c s a n d c o m p u t e r i n t e l l i g e n c e 

(e .g . B o d e n 1 9 7 7 ; E v a n s 1 9 7 9 ; H o f s t a d t e r 1 9 7 9 ) . 

O n c e a g a i n , o f cour se , p h i l o s o p h e r s m a y d e b a t e t he u l t i m a t e d e t e r m i n a c y 

o f c o m p u t e r s p r o g r a m m e d t o b e h a v e i n a r t i f i c ia l ly i n t e l l i g e n t w a y s , b u t i f w e 

are g o i n g t o g e t in to t ha t l eve l o f p h i l o s o p h y m a n y w o u l d a p p l y the s a m e 

a r g u m e n t s t o h u m a n i n t e l l i g e n c e ( T u r i n g 1 9 5 0 ) . W h a t i s a b r a i n , t h e y w o u l d 

ask, bu t a c o m p u t e r , a n d w h a t i s e d u c a t i o n b u t a fo rm of p r o g r a m m i n g ? I t i s 

ve ry h a r d t o g i v e a n o n - s u p e r n a t u r a l a c c o u n t o f the h u m a n b r a i n a n d 

h u m a n e m o t i o n s , feel ings a n d a p p a r e n t free w i l l , without r e g a r d i n g the b r a i n 

as, i n some sense, the e q u i v a l e n t o f a p r o g r a m m e d , c y b e r n e t i c m a c h i n e . T h e 

a s t ronomer S i r F r e d H o y l e (1964) expresses v e r y v i v i d l y w h a t , i t s eems t o 

me, a n y evo lu t ion i s t mus t th ink a b o u t n e r v o u s s y s t e m s : 

L o o k i n g b a c k [at e v o l u t i o n ] I a m o v e r w h e l m i n g l y i m p r e s s e d b y the 

w a y i n w h i c h c h e m i s t r y has g r a d u a l l y g i v e n w a y t o e l e c t r o n i c s . I t i s 

no t u n r e a s o n a b l e to d e s c r i b e the f i r s t l i v i n g c r e a t u r e s as en t i r e ly 

c h e m i c a l i n c h a r a c t e r . A l t h o u g h e l e c t r o c h e m i c a l p rocesses a r e 

i m p o r t a n t i n p l an t s , o r g a n i z e d e l ec t ron i c s , i n the sense o f d a t a 

p rocess ing , does no t en t e r o r o p e r a t e i n the p l a n t w o r l d . B u t p r i m i t i v e 

e l ec t ron ics beg ins to a s sume i m p o r t a n c e as soon as we h a v e a c r e a t u r e 

that m o v e s a r o u n d . . . T h e f i rs t e l e c t r o n i c sys tems possessed by 

p r i m i t i v e a n i m a l s w e r e essen t ia l ly g u i d a n c e sys t ems , a n a l o g o u s 

l o g i c a l l y t o sonar o r r a d a r . A s w e pass t o m o r e d e v e l o p e d a n i m a l s w e 

f ind e l e c t r o n i c sys tems b e i n g used no t m e r e l y for g u i d a n c e b u t for 

d i r e c t i n g the a n i m a l t o w a r d food . . . 

T h e s i tua t ion i s a n a l o g o u s to a g u i d e d miss i le , the j o b o f w h i c h i s to 

i n t e r cep t a n d des t roy a n o t h e r missi le . Ju s t a s i n o u r m o d e r n w o r l d 

a t t a ck a n d defense b e c o m e m o r e a n d m o r e sub t l e i n the i r m e t h o d s , s o 

i t w a s the case w i t h a n i m a l s . A n d w i t h i n c r e a s i n g sub t l e ty , be t t e r a n d 
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b e t t e r sys tems o f e l ec t ron i c s b e c o m e necessa ry . W h a t h a p p e n e d i n 

n a t u r e has a c lose p a r a l l e l w i t h the d e v e l o p m e n t of e lec t ron ics in 

m o d e r n m i l i t a r y a p p l i c a t i o n s . . . I f ind i t a s o b e r i n g t h o u g h t that but 

for the t o o t h - a n d - c l a w ex i s t ence o f the j u n g l e we shou ld not possess 

o u r i n t e l l e c t u a l c a p a b i l i t i e s , we shou ld no t be a b l e t o i n q u i r e into the 

s t r uc tu r e o f the U n i v e r s e , o r be a b l e to a p p r e c i a t e a s y m p h o n y of 

B e e t h o v e n . . . V i e w e d in this l igh t , the q u e s t i o n tha t i s somet imes 

a s k e d — c a n c o m p u t e r s t h i n k ? — i s s o m e w h a t i ron ic . H e r e o f course I 

m e a n the c o m p u t e r s tha t w e ourse lves m a k e ou t o f i no rgan ic 

m a t e r i a l s . W h a t on ea r th do those w h o ask such a ques t i on th ink they 

t h e m s e l v e s a r e ? S i m p l y c o m p u t e r s , b u t v a s t l y m o r e c o m p l i c a t e d ones 

t h a n a n y t h i n g w e h a v e y e t l e a r n e d t o m a k e . R e m e m b e r tha t ou r 

m a n - m a d e c o m p u t e r i ndus t ry i s a m e r e t w o or three d e c a d e s o ld , 

w h e r e a s w e ou r se lves a re the p r o d u c t s o f a n e v o l u t i o n tha t has 

o p e r a t e d o v e r h u n d r e d s o f mi l l ions o f yea r s [pp . 2 4 - 2 6 ] . 

O t h e r s m a y d i s a g r e e w i t h this c o n c l u s i o n , a l t h o u g h I suspec t that the only 

a l t e r n a t i v e s to i t a r e r e l i g ious ones . W h a t e v e r the o u t c o m e o f tha t d e b a t e , t o 

r e tu rn to g e n e s a n d the m a i n po in t o f this c h a p t e r , the issue o f de t e rmin i sm 

versus free w i l l i s j u s t no t affected o n e w a y or the o the r by w h e t h e r o r not 

y o u h a p p e n to be c o n s i d e r i n g genes a s c a u s a l a g e n t s r a the r t han env i ron 

m e n t a l d e t e r m i n a n t s . 

B u t , i t w i l l p a r d o n a b l y be sa id , the re i s no s m o k e w i t h o u t f i r e . F u n c t i o n a l 

e tho log i s t s a n d ' s o c i o b i o l o g i s t s ' mus t h a v e said s o m e t h i n g to dese rve be ing 

t a r red w i t h the b rush of g e n e t i c d e t e r m i n i s m . Or i f i t i s a l l a m i sunde r s t and 

i n g the re mus t b e s o m e g o o d e x p l a n a t i o n , b e c a u s e m i s u n d e r s t a n d i n g s that 

a re s o w i d e s p r e a d d o no t c o m e a b o u t for n o r eason , e v e n i f abe t t ed b y 

c u l t u r a l m y t h s a s p o w e r f u l a s the g e n e m y t h a n d the c o m p u t e r m y t h in 

u n h o l y a l l i a n c e . S p e a k i n g for myself , I th ink I k n o w the reason . I t is an 

i n t e r e s t i ng o n e , a n d i t w i l l o c c u p y the rest o f this c h a p t e r . T h e mis

u n d e r s t a n d i n g arises f rom the w a y we ta lk a b o u t a q u i t e different subject , 

n a m e l y n a t u r a l s e l e c t i o n . G e n e se l ec t ion i sm, w h i c h i s a w a y o f t a l k i n g a b o u t 

e v o l u t i o n , i s m i s t a k e n for g e n e t i c d e t e r m i n i s m , w h i c h i s a po in t of v i e w a b o u t 

d e v e l o p m e n t . P e o p l e l ike me are c o n t i n u a l l y p o s t u l a t i n g g e n e s ' for ' this and 

g e n e s for t ha t . W e g i v e the impress ion o f b e i n g obsessed w i t h genes a n d wi th 

' g e n e t i c a l l y p r o g r a m m e d ' b e h a v i o u r . T a k e this i n c o n j u n c t i o n w i t h the 

p o p u l a r m y t h s o f the C a l v i n i s t i c d e t e r m i n a c y o f genes , a n d o f ' p r o g r a m m e d ' 

b e h a v i o u r as the h a l l m a r k o f j a c t i t a t i n g D i s n e y l a n d p u p p e t s , a n d i s i t a n y 

w o n d e r t ha t w e a r e a c c u s e d o f b e i n g g e n e t i c de t e rmin i s t s ? 

W h y , t hen , d o func t i ona l e tho logis t s ta lk a b o u t g e n e s s o m u c h ? B e c a u s e 

we a re in te res ted in n a t u r a l se l ec t ion , a n d n a t u r a l se lec t ion i s different ial 

s u r v i v a l o f g e n e s . I f we a r e to so m u c h as discuss the possibility o f a b e h a v i o u r 

p a t t e r n ' s e v o l v i n g b y n a t u r a l s e l ec t ion , w e h a v e t o pos tu l a t e gene t i c 
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v a r i a t i o n w i t h respec t t o the t e n d e n c y o r c a p a c i t y t o p e r f o r m tha t b e h a v i o u r 

pa t t e rn . T h i s is no t to say tha t the re necessa r i ly i s s uch g e n e t i c v a r i a t i o n for 

a n y p a r t i c u l a r b e h a v i o u r p a t t e r n , o n l y tha t the re m u s t h a v e b e e n g e n e t i c 

v a r i a t i o n in the pas t i f we a re to t r ea t the b e h a v i o u r p a t t e r n as a D a r w i n i a n 

a d a p t a t i o n . O f cour se the b e h a v i o u r p a t t e r n m a y n o t b e a D a r w i n i a n 

a d a p t a t i o n , i n w h i c h case the a r g u m e n t w i l l no t a p p l y . 

I n c i d e n t a l l y , I shou ld de fend my u s a g e o f ' D a r w i n i a n a d a p t a t i o n ' a s 

s y n o n y m o u s w i t h ' a d a p t a t i o n p r o d u c e d b y n a t u r a l s e l e c t i o n ' , for G o u l d a n d 

L e w o n t i n ( 1 9 7 9 ) h a v e r e c e n t l y e m p h a s i z e d , w i t h a p p r o v a l , the ' p l u r a l i s t i c ' 

c h a r a c t e r o f D a r w i n ' s o w n t h o u g h t . I t i s i n d e e d t rue tha t , e s p e c i a l l y t o w a r d s 

the end o f his life, D a r w i n w a s d r i v e n b y c r i t i c i sms , w h i c h w e c a n n o w see t o 

b e e r roneous , t o m a k e s o m e concess ions t o ' p l u r a l i s m ' : h e d i d no t r e g a r d 

na tu ra l se lec t ion a s the o n l y i m p o r t a n t d r i v i n g fo rce i n e v o l u t i o n . As the 

h is tor ian R . M . Y o u n g ( 1 9 7 1 ) has s a r d o n i c a l l y p u t it, ' . . . b y the s ix th 

ed i t ion the b o o k w a s mis t i t l ed a n d shou ld h a v e r e a d On the Origin of Species by 

Means of Natural Selection and All Sorts of Other Things'. It is , the re fore , 

a r g u a b l y i n c o r r e c t t o use ' D a r w i n i a n e v o l u t i o n ' a s s y n o n y m o u s w i t h 

' e v o l u t i o n by n a t u r a l s e l e c t i o n ' . B u t D a r w i n i a n adaptation i s a n o t h e r m a t t e r . 

A d a p t a t i o n c a n n o t b e p r o d u c e d b y r a n d o m drift , o r b y a n y o t h e r rea l i s t ic 

e v o l u t i o n a r y force tha t we k n o w o f s ave n a t u r a l s e l ec t i on . I t i s t rue tha t 

D a r w i n ' s p l u r a l i s m d i d f l e e t i n g l y a l l o w for o n e o t h e r d r i v i n g fo rce tha t 

migh t , in p r i n c i p l e , l ead to a d a p t a t i o n , b u t tha t d r i v i n g force i s i n s e p a r a b l y 

l inked w i t h the n a m e o f L a m a r c k , no t o f D a r w i n . ' D a r w i n i a n a d a p t a t i o n ' 

cou ld not sens ib ly m e a n a n y t h i n g o the r t h a n a d a p t a t i o n p r o d u c e d b y 

na tu ra l se lec t ion , a n d I shal l use i t in this sense. In s e v e r a l o t h e r p l a c e s in 

this b o o k (e .g . in C h a p t e r s 3 a n d 6 ) , we shal l r e so lve a p p a r e n t d i spu tes by 

d r a w i n g a d i s t inc t ion b e t w e e n e v o l u t i o n i n g e n e r a l , a n d a d a p t i v e e v o l u t i o n 

i n p a r t i c u l a r . T h e f i x a t i o n o f n e u t r a l m u t a t i o n s , for i n s t a n c e , c a n b e 

r ega rded as e v o l u t i o n , b u t i t i s no t a d a p t i v e e v o l u t i o n . I f a m o l e c u l a r 

genet ic i s t in teres ted in g e n e subs t i tu t ions , or a p a l a e o n t o l o g i s t in t e res ted in 

major t rends , a r g u e s w i t h a n eco log i s t in te res ted i n a d a p t a t i o n , t h e y a r e 

l ikely t o f i n d t hemse lve s a t c ross -purposes s i m p l y b e c a u s e e a c h o f t h e m 

emphas i ze s a different a spec t o f w h a t e v o l u t i o n m e a n s . 

' G e n e s for c o n f o r m i t y , x e n o p h o b i a , a n d a g g r e s s i v e n e s s a r e s i m p l y 

pos tu la ted for h u m a n s b e c a u s e they a re n e e d e d for the t h e o r y , no t b e c a u s e 

a n y e v i d e n c e for t h e m exis ts ' ( L e w o n t i n 1 9 7 9 ) . T h i s i s a fair c r i t i c i sm of 

E . O . W i l s o n , b u t no t a v e r y d a m n i n g o n e . A p a r t f rom poss ib le p o l i t i c a l 

repercuss ions w h i c h m i g h t b e un fo r tuna t e , t he re i s n o t h i n g w r o n g w i t h 

c a u t i o u s l y s p e c u l a t i n g a b o u t a poss ib le D a r w i n i a n s u r v i v a l v a l u e o f 

x e n o p h o b i a o r a n y o t h e r t ra i t . A n d y o u c a n n o t b e g i n t o s p e c u l a t e , h o w e v e r 

cau t ious ly , a b o u t the s u r v i v a l v a l u e o f a n y t h i n g unless y o u p o s t u l a t e a 

gene t i c basis for v a r i a t i o n i n tha t t h ing . O f cour se x e n o p h o b i a m a y no t v a r y 

g e n e t i c a l l y , a n d o f cour se x e n o p h o b i a m a y no t b e a D a r w i n i a n a d a p t a t i o n , 
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b u t we c a n ' t e v e n discuss the poss ib i l i ty o f its b e i n g a D a r w i n i a n a d a p t a t i o n 

unless we p o s t u l a t e a g e n e t i c basis for it. L e w o n t i n h i m s e l f has expressed the 

po in t as w e l l as a n y b o d y : ' I n o r d e r for a trai t to e v o l v e by n a t u r a l se lec t ion i t 

is n e c e s s a r y tha t the re be g e n e t i c v a r i a t i o n in the p o p u l a t i o n for such a trai t ' 

( L e w o n t i n 1 9 7 9 ) . A n d ' g e n e t i c v a r i a t i o n in the p o p u l a t i o n for ' a t rai t X is 

e x a c t l y w h a t w e m e a n w h e n w e ta lk , for b r e v i t y , o f ' a g e n e for ' X . 

X e n o p h o b i a i s c o n t r o v e r s i a l , so cons ide r a b e h a v i o u r pa t t e rn tha t n o b o d y 

w o u l d fear to r e g a r d as a D a r w i n i a n a d a p t a t i o n . P i t - d i g g i n g in ant l ions is 

o b v i o u s l y a n a d a p t a t i o n t o c a t c h p r e y . A n t l i o n s are insects , n e u r o p t e r a n 

l a r v a e w i t h the g e n e r a l a p p e a r a n c e a n d d e m e a n o u r o f mons te r s from oute r 

s p a c e . T h e y a re 'sit a n d w a i t ' p r e d a t o r s w h o d i g pits i n soft sand w h i c h t rap 

ants a n d o t h e r s m a l l w a l k i n g insects . T h e pi t i s a n e a r l y per fec t c o n e , whose 

sides s lope so s t e e p l y tha t p r e y c a n n o t c l i m b o u t o n c e t hey h a v e fallen in. 

T h e a n t l i o n sits j u s t u n d e r the s and a t the b o t t o m of the pi t , w h e r e i t lunges 

w i t h its ho r ro r - f i lm j a w s a t a n y t h i n g tha t falls in. 

P i t - d i g g i n g i s a c o m p l e x b e h a v i o u r p a t t e r n . I t costs t ime a n d e n e r g y , and 

satisfies the mos t e x a c t i n g c r i t e r i a for r e c o g n i t i o n as an a d a p t a t i o n ( W i l l i a m s 

1 9 6 6 ; C u r i o 1 9 7 3 ) . I t mus t , t hen , h a v e e v o l v e d b y n a t u r a l se lec t ion . H o w 

m i g h t this h a v e h a p p e n e d ? T h e de ta i l s d o n ' t m a t t e r for the m o r a l I w a n t t o 

d r a w . P r o b a b l y an a n c e s t r a l a n t l i o n ex is ted w h i c h d id not d i g a pit but 

s i m p l y l u r k e d j u s t b e n e a t h the sand sur face w a i t i n g for p r e y t o b l u n d e r o v e r 

it. I n d e e d s o m e spec ies still do this . L a t e r , b e h a v i o u r l e a d i n g to the c rea t ion 

o f a s h a l l o w dep re s s ion in the sand p r o b a b l y w a s f a v o u r e d by se lect ion 

b e c a u s e the dep re s s ion m a r g i n a l l y i m p e d e d e s c a p i n g p rey . B y g r a d u a l 

d e g r e e s o v e r m a n y g e n e r a t i o n s the b e h a v i o u r c h a n g e d so tha t w h a t was a 

s h a l l o w dep re s s ion b e c a m e d e e p e r a n d w i d e r . T h i s not o n l y h indered 

e s c a p i n g p r e y b u t a lso i n c r e a s e d the c a t c h m e n t a r e a o v e r w h i c h p r e y migh t 

s t u m b l e i n the f i r s t p l a c e . L a t e r still the d i g g i n g b e h a v i o u r c h a n g e d a g a i n so 

tha t the r e s u l t i n g pit b e c a m e a s teep-s ided c o n e , l ined w i t h f ine , s l id ing sand 

so tha t p r e y w e r e u n a b l e t o c l i m b ou t . 

N o t h i n g in the p r e v i o u s p a r a g r a p h i s c o n t e n t i o u s o r c o n t r o v e r s i a l . I t wi l l 

b e r e g a r d e d a s l e g i t i m a t e s p e c u l a t i o n a b o u t h i s tor ica l even t s that w e c a n n o t 

see d i r e c t l y , a n d i t w i l l p r o b a b l y be t h o u g h t p l a u s i b l e . O n e reason w h y i t 

w i l l be a c c e p t e d as u n c o n t r o v e r s i a l h i s to r ica l s p e c u l a t i o n i s tha t i t m a k e s no 

m e n t i o n o f g e n e s . B u t m y po in t i s tha t n o n e o f tha t h is tory , nor a n y 

c o m p a r a b l e h i s to ry , c o u l d poss ib ly h a v e b e e n t rue unless the re w a s gene t i c 

v a r i a t i o n i n the b e h a v i o u r a t e v e r y s tep o f the e v o l u t i o n a r y w a y . P i t - d i g g i n g 

in an t l i ons i s o n l y o n e o f the t h o u s a n d s o f e x a m p l e s tha t I c o u l d h a v e chosen . 

U n l e s s n a t u r a l s e l ec t i on has g e n e t i c v a r i a t i o n to ac t u p o n , i t c a n n o t g i v e rise 

t o e v o l u t i o n a r y c h a n g e . I t fo l lows tha t w h e r e y o u find D a r w i n i a n a d a p t a t i o n 

the re m u s t h a v e b e e n g e n e t i c v a r i a t i o n i n the c h a r a c t e r c o n c e r n e d . 

N o b o d y has e v e r d o n e a g e n e t i c s tudy o f p i t - d i g g i n g b e h a v i o u r i n an t l ions 

(J. L u c a s , p e r s o n a l c o m m u n i c a t i o n ) . T h e r e i s no n e e d t o do one , i f a l l we 



Genetic Determin i sm and Gene Selectionism 21 

w a n t to do i s satisfy ou r se lves o f the s o m e t i m e ex i s t ence o f g e n e t i c v a r i a t i o n 

in the b e h a v i o u r pa t t e rn . I t is sufficient tha t we a re c o n v i n c e d t h a t i t is a 

D a r w i n i a n a d a p t a t i o n (if y o u a re no t c o n v i n c e d tha t p i t - d i g g i n g i s such an 

a d a p t a t i o n , s i m p l y subs t i tu te a n y e x a m p l e o f w h i c h y o u a r e c o n v i n c e d ) . 

I spoke of the sometime ex i s t ence of g e n e t i c v a r i a t i o n . T h i s w a s b e c a u s e i t i s 

q u i t e l ike ly tha t , w e r e a g e n e t i c s tudy to be m o u n t e d o f an t l i ons t o d a y , no 

gene t i c v a r i a t i o n w o u l d be found . I t i s i n g e n e r a l t o be e x p e c t e d tha t , w h e r e 

there i s s t rong se lec t ion in f a v o u r o f s o m e trai t , the o r i g i n a l v a r i a t i o n on 

w h i c h se lec t ion a c t e d t o g u i d e the e v o l u t i o n o f the t ra i t w i l l h a v e b e c o m e 

used u p . T h i s i s the f ami l i a r ' p a r a d o x ' (it i s no t r e a l l y v e r y p a r a d o x i c a l w h e n 

we th ink a b o u t i t ca re fu l ly ) t ha t t rai ts u n d e r s t r o n g se l ec t ion t end t o h a v e 

l o w he r i t ab i l i t y ( F a l c o n e r 1 9 6 0 ) ; ' . . . e v o l u t i o n b y n a t u r a l s e l ec t i on des t roys 

the g e n e t i c v a r i a n c e o n w h i c h i t feeds ' ( L e w o n t i n 1 9 7 9 ) . F u n c t i o n a l 

hypo theses f r equen t ly c o n c e r n p h e n o t y p i c t rai ts , l ike possess ion o f eyes , 

w h i c h are a l l b u t un ive r sa l i n the p o p u l a t i o n , a n d the re fore w i t h o u t 

c o n t e m p o r a r y g e n e t i c v a r i a t i o n . W h e n w e s p e c u l a t e a b o u t , o r m a k e m o d e l s 

of, the e v o l u t i o n a r y p r o d u c t i o n o f an a d a p t a t i o n , we a re neces sa r i l y t a l k i n g 

a b o u t a t ime w h e n there w a s a p p r o p r i a t e g e n e t i c v a r i a t i o n . W e a re b o u n d , 

in such discuss ions , to pos tu l a t e , i m p l i c i t l y o r e x p l i c i t l y , g e n e s ' for ' p r o p o s e d 

a d a p t a t i o n s . 

S o m e m a y b a l k a t t r e a t i n g ' a g e n e t i c c o n t r i b u t i o n t o v a r i a t i o n i n X ' a s 

e q u i v a l e n t to ' a g e n e or g e n e s for X ' . B u t this i s a r o u t i n e g e n e t i c p r a c t i c e , 

a n d o n e w h i c h c lose e x a m i n a t i o n shows t o b e a l m o s t i n e v i t a b l e . O t h e r t h a n 

a t the m o l e c u l a r l eve l , w h e r e o n e g e n e i s seen d i r e c t l y to p r o d u c e o n e p r o t e i n 

c h a i n , genet ic is t s n e v e r d e a l w i t h uni ts o f p h e n o t y p e a s s u c h . R a t h e r , t h e y 

a l w a y s d e a l w i t h differences. W h e n a gene t i c i s t speaks of a g e n e ' for ' r ed eyes 

in Drosophila, he is no t s p e a k i n g of the c i s t ron w h i c h ac t s as t e m p l a t e for the 

synthesis o f the red p i g m e n t m o l e c u l e . He i s i m p l i c i t l y s a y i n g : the re i s 

v a r i a t i o n in e y e c o l o u r in the p o p u l a t i o n ; o t h e r th ings b e i n g e q u a l , a f ly w i t h 

this g e n e i s m o r e l ike ly to h a v e red eyes t han a f ly w i t h o u t the g e n e . T h a t i s 

a l l tha t we e v e r m e a n by a g e n e ' for ' r ed eyes . T h i s h a p p e n s to be a 

m o r p h o l o g i c a l r a t he r t han a b e h a v i o u r a l e x a m p l e , b u t e x a c t l y t he s a m e 

appl ies to b e h a v i o u r . A g e n e ' for ' b e h a v i o u r X is a g e n e ' for ' w h a t e v e r 

m o r p h o l o g i c a l a n d p h y s i o l o g i c a l s tates t end t o p r o d u c e tha t b e h a v i o u r . 

A re la ted po in t is t ha t the use of s ing le - locus m o d e l s is j u s t a c o n c e p t u a l 

c o n v e n i e n c e , a n d this i s t rue o f a d a p t i v e h y p o t h e s e s i n e x a c t l y the s a m e w a y 

a s i t i s t rue o f o r d i n a r y p o p u l a t i o n g e n e t i c m o d e l s . W h e n we use s i n g l e - g e n e 

l a n g u a g e i n o u r a d a p t i v e h y p o t h e s e s , we do no t i n t e n d to m a k e a p o i n t 

a b o u t s i n g l e - g e n e m o d e l s a s a g a i n s t m u l t i - g e n e m o d e l s . W e a r e u s u a l l y 

m a k i n g a po in t a b o u t gene m o d e l s as aga ins t n o n - g e n e m o d e l s , for e x a m p l e as 

aga ins t ' g o o d o f the spec ie s ' m o d e l s . S i n c e i t i s diff icul t e n o u g h c o n v i n c i n g 

peop l e tha t they o u g h t to th ink in g e n e t i c t e rms at all r a t h e r t h a n in te rms of, 

say, the g o o d o f the spec ies , the re i s no sense in m a k i n g th ings e v e n m o r e 
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diff icul t b y t r y i n g t o h a n d l e the c o m p l e x i t i e s o f m a n y loc i a t the outse t . W h a t 

L l o y d ( 1 9 7 9 ) ca l l s the O G A M (one g e n e ana lys i s m o d e l ) is, o f course , not 

the last w o r d in g e n e t i c a c c u r a c y . Of course we sha l l e v e n t u a l l y h a v e to face 

u p t o m u l t i - l o c u s c o m p l e x i t y . B u t the O G A M i s v a s t l y p re fe rab l e t o modes o f 

a d a p t i v e r e a s o n i n g tha t forget a b o u t g e n e s a l t o g e t h e r , a n d this i s the on ly 

p o i n t I am t r y i n g to m a k e a t p resen t . 

S i m i l a r l y w e m a y f i n d ou r se lves agg re s s ive ly c h a l l e n g e d t o subs tan t ia te 

o u r ' c l a i m s ' o f the e x i s t e n c e o f ' genes for ' some a d a p t a t i o n i n w h i c h w e are 

in te res ted . B u t this c h a l l e n g e , i f i t is a rea l c h a l l e n g e at a l l , shou ld be 

d i r e c t e d a t the w h o l e o f the n e o - D a r w i n i a n ' m o d e r n syn thes i s ' a n d the w h o l e 

o f p o p u l a t i o n g e n e t i c s . To p h r a s e a func t iona l h y p o t h e s i s i n te rms o f genes i s 

t o m a k e no s t r o n g c l a i m s a b o u t g e n e s a t a l l : i t i s s i m p l y to m a k e exp l i c i t an 

a s s u m p t i o n w h i c h i s i n s e p a r a b l y bu i l t in to the m o d e r n synthes is , a lbe i t i t i s 

s o m e t i m e s i m p l i c i t r a t h e r t h a n e x p l i c i t . 

A few w o r k e r s h a v e , i n d e e d , f lung j u s t such a c h a l l e n g e a t the w h o l e neo -

D a r w i n i a n m o d e r n synthes i s , a n d h a v e c l a i m e d not t o b e n e o - D a r w i n i a n s . 

G o o d w i n ( 1 9 7 9 ) i n a p u b l i s h e d d e b a t e w i t h D e b o r a h C h a r l e s w o r t h and 

o the r s , s a id , ' . . . n e o - D a r w i n i s m has an i n c o h e r e n c e in it . . . we are not 

g i v e n a n y w a y o f g e n e r a t i n g p h e n o t y p e s f rom g e n o t y p e s i n n e o - D a r w i n i s m . 

T h e r e f o r e the t h e o r y i s in this r e spec t d e f e c t i v e . ' G o o d w i n is, o f course , qu i t e 

r i gh t tha t d e v e l o p m e n t i s t e r r ib ly c o m p l i c a t e d , a n d w e d o n ' t y e t unde r s t and 

m u c h a b o u t h o w p h e n o t y p e s a re g e n e r a t e d . B u t that t hey are g e n e r a t e d , a n d 

that g e n e s c o n t r i b u t e s ign i f i can t ly to the i r v a r i a t i o n a re i n c o n t r o v e r t i b l e 

facts , a n d those facts a r e a l l w e n e e d i n o r d e r t o m a k e n e o - D a r w i n i s m 

c o h e r e n t . G o o d w i n m i g h t just a s w e l l say tha t , before H o d g k i n a n d H u x l e y 

w o r k e d o u t h o w the n e r v e i m p u l s e f i r e d , w e w e r e no t en t i t l ed t o be l i eve 

tha t n e r v e i m p u l s e s c o n t r o l l e d b e h a v i o u r . Of course i t w o u l d be n ice to k n o w 

h o w p h e n o t y p e s a re m a d e bu t , w h i l e e m b r y o l o g i s t s a re busy f i n d i n g ou t , the 

rest o f us a re en t i t l ed by the k n o w n facts o f gene t i c s to c a r ry on b e i n g neo-

D a r w i n i a n s , t r e a t i n g e m b r y o n i c d e v e l o p m e n t a s a b l a c k b o x . T h e r e i s no 

c o m p e t i n g t h e o r y tha t has e v e n a r e m o t e c l a i m to be c a l l e d c o h e r e n t . 

I t fo l lows f rom the fact tha t gene t ic i s t s a re a l w a y s c o n c e r n e d w i t h 

p h e n o t y p i c differences t ha t we n e e d not be afra id o f p o s t u l a t i n g genes w i t h 

indef in i t e ly c o m p l e x p h e n o t y p i c effects, a n d w i t h p h e n o t y p i c effects tha t 

s h o w t h e m s e l v e s o n l y i n h i g h l y c o m p l e x d e v e l o p m e n t a l c o n d i t i o n s . T o g e t h e r 

w i t h Professor J o h n M a y n a r d S m i t h , I r e c e n t l y took pa r t in a p u b l i c d e b a t e 

w i t h t w o r a d i c a l c r i t i cs o f ' s o c i o b i o l o g y ' , before a n a u d i e n c e o f s tudents . A t 

o n e t ime in the d i scuss ion we w e r e t r y i n g to es tabl i sh tha t to ta lk o f a g e n e 

'for X ' i s to m a k e no o u t l a n d i s h c l a i m , e v e n w h e r e X i s a c o m p l e x , l ea rned 

b e h a v i o u r p a t t e r n . M a y n a r d S m i t h r e a c h e d for a h y p o t h e t i c a l e x a m p l e and 

c a m e up w i t h a ' g e n e for skill in t y i n g s h o e l a c e s ' . P a n d e m o n i u m b r o k e loose 

a t this r a m p a n t g e n e t i c d e t e r m i n i s m ! T h e a i r w a s th ick w i t h the un

m i s t a k a b l e s o u n d o f w o r s t susp ic ions b e i n g g lee fu l ly c o n f i r m e d . D e l i g h t e d l y 
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scep t i ca l cr ies d r o w n e d the q u i e t a n d pa t i en t e x p l a n a t i o n o f j u s t w h a t a 

modest c l a i m is b e i n g m a d e w h e n e v e r o n e pos tu l a t e s a g e n e for, say , skill 

i n t y i n g shoe laces . L e t m e e x p l a i n the p o i n t w i t h the a id o f a n e v e n 

m o r e r a d i c a l - s o u n d i n g y e t t ru ly i n n o c u o u s t h o u g h t e x p e r i m e n t ( D a w k i n s 

1 9 8 1 ) . 

R e a d i n g i s a l e a r n e d skill o f p r o d i g i o u s c o m p l e x i t y , b u t this p r o v i d e s no 

reason in i tself for s c e p t i c i s m a b o u t the poss ib le e x i s t e n c e of a g e n e for 

r e a d i n g . A l l we w o u l d need in o r d e r to es tab l i sh the e x i s t e n c e o f a g e n e for 

r e a d i n g is to d i s c o v e r a g e n e for no t r e a d i n g , s a y a g e n e w h i c h i n d u c e d a 

b r a i n les ion c a u s i n g specif ic d y s l e x i a . S u c h a d y s l e x i c pe r son m i g h t be 

n o r m a l a n d in t e l l i gen t i n a l l respec ts e x c e p t tha t h e c o u l d no t r e a d . N o 

gene t ic i s t w o u l d b e p a r t i c u l a r l y surpr i sed i f this t y p e o f d y s l e x i a t u r n e d o u t 

to b r eed t rue in s o m e M e n d e l i a n fashion. O b v i o u s l y , i n this e v e n t , the g e n e 

w o u l d o n l y e x h i b i t its effect i n a n e n v i r o n m e n t w h i c h i n c l u d e d n o r m a l 

e d u c a t i o n . In a p reh i s to r ic e n v i r o n m e n t i t m i g h t h a v e h a d no d e t e c t a b l e 

effect, o r i t m i g h t h a v e h a d s o m e different effect a n d h a v e b e e n k n o w n to 

c a v e - d w e l l i n g gene t ic i s t s as, say , a g e n e for i n a b i l i t y to r e a d a n i m a l 

footpr ints . In o u r e d u c a t e d e n v i r o n m e n t i t w o u l d p r o p e r l y be c a l l e d a g e n e 

'for ' d y s l e x i a , s ince d y s l e x i a w o u l d be its mos t sa l i en t c o n s e q u e n c e . S i m i l a r l y , 

a g e n e w h i c h c a u s e d to ta l b l indness w o u l d a lso p r e v e n t r e a d i n g , b u t i t w o u l d 

not useful ly be r e g a r d e d as a g e n e for no t r e a d i n g . T h i s i s s i m p l y b e c a u s e 

p r e v e n t i n g r e a d i n g w o u l d no t b e its mos t o b v i o u s o r d e b i l i t a t i n g p h e n o t y p i c 

effect. 

R e t u r n i n g to o u r g e n e for specif ic d y s l e x i a , i t fo l lows f rom the o r d i n a r y 

c o n v e n t i o n s o f g e n e t i c t e r m i n o l o g y tha t the w i l d - t y p e g e n e a t the s a m e locus , 

the g e n e tha t the rest o f the p o p u l a t i o n has i n d o u b l e dose , w o u l d p r o p e r l y 

be c a l l e d a g e n e 'for r e a d i n g ' . I f y o u o b j e c t to tha t , y o u m u s t a lso o b j e c t to 

our s p e a k i n g o f a g e n e for ta l lness in M e n d e l ' s peas , b e c a u s e the l o g i c o f the 

t e r m i n o l o g y i s i d e n t i c a l in the t w o cases . In b o t h cases the c h a r a c t e r o f 

interest is a difference, a n d in b o t h cases the d i f fe rence o n l y s h o w s i t se l f in 

some specif ied e n v i r o n m e n t . T h e r eason w h y s o m e t h i n g so s i m p l e a s a o n e 

g e n e di f ference c a n h a v e such a c o m p l e x effect a s to d e t e r m i n e w h e t h e r o r 

not a person c a n l ea rn to r e a d , or h o w g o o d he i s a t t y i n g s h o e l a c e s , i s 

b a s i c a l l y a s fo l lows . H o w e v e r c o m p l e x a g i v e n s ta te o f the w o r l d m a y be , the 

difference b e t w e e n tha t s ta te o f the w o r l d a n d s o m e a l t e r n a t i v e s ta te o f the 

w o r l d m a y b e c a u s e d b y s o m e t h i n g e x t r e m e l y s i m p l e . 

T h e po in t I m a d e us ing an t l ions i s a g e n e r a l o n e . I c o u l d h a v e used a n y 

real o r p u r p o r t e d D a r w i n i a n a d a p t a t i o n w h a t s o e v e r . F o r fu r ther e m p h a s i s I 

shal l use o n e m o r e e x a m p l e . T i n b e r g e n e t al. ( 1962) i n v e s t i g a t e d the 

a d a p t i v e s ign i f i cance o f a p a r t i c u l a r b e h a v i o u r p a t t e r n in b l a c k - h e a d e d gu l l s 

(Larus ridibundus), eggshe l l r e m o v a l . S h o r t l y after a c h i c k h a t c h e s , the 

pa ren t b i rd g rasps the e m p t y eggshe l l in the b i l l a n d r e m o v e s i t f rom the 

v i c i n i t y o f the nest . T i n b e r g e n a n d his c o l l e a g u e s c o n s i d e r e d a n u m b e r o f 
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poss ib le h y p o t h e s e s a b o u t the s u r v i v a l v a l u e o f this b e h a v i o u r pa t t e rn . F o r 

i n s t a n c e t h e y s u g g e s t e d tha t the e m p t y eggshe l l s m i g h t se rve a s b r e e d i n g 

g r o u n d s for h a r m f u l b a c t e r i a , o r the sha rp edges m i g h t c u t the ch i cks . But 

the h y p o t h e s i s for w h i c h t h e y e n d e d u p f i n d i n g e v i d e n c e w a s tha t the e m p t y 

e g g s h e l l serves a s a c o n s p i c u o u s v i sua l b e a c o n s u m m o n i n g c r o w s a n d o ther 

p r e d a t o r s o f c h i c k s o r eggs t o the nest . T h e y d id i n g e n i o u s expe r imen t s , 

l a y i n g o u t a r t i f ic ia l nests w i t h a n d w i t h o u t e m p t y eggshe l l s , a n d s h o w e d that 

e g g s a c c o m p a n i e d b y e m p t y eggshe l l s w e r e , i n d e e d , m o r e l ike ly t o b e 

a t t a c k e d b y c r o w s t h a n eggs w i t h o u t e m p t y eggshe l l s b y the i r s ide. T h e y 

c o n c l u d e d tha t n a t u r a l s e l ec t ion h a d f a v o u r e d eggshe l l r e m o v a l b e h a v i o u r o f 

a d u l t g u l l s , b e c a u s e pas t adu l t s w h o d i d no t d o i t r e a r e d f ewer c h i l d r e n . 

As i n the case o f a n t l i o n d i g g i n g , n o b o d y has e v e r d o n e a g e n e t i c s tudy o f 

e g g s h e l l r e m o v a l b e h a v i o u r i n b l a c k - h e a d e d gu l l s . T h e r e i s n o d i rec t 

e v i d e n c e t h a t v a r i a t i o n i n t e n d e n c y t o r e m o v e e m p t y eggshe l l s b reeds t rue. 

Y e t c l e a r l y the a s s u m p t i o n tha t i t does , o r o n c e d i d , i s essent ia l for the 

T i n b e r g e n h y p o t h e s i s . T h e T i n b e r g e n hypo thes i s , a s n o r m a l l y ph ra sed i n 

gene- f ree l a n g u a g e , i s no t p a r t i c u l a r l y c o n t r o v e r s i a l . Y e t it , l ike a l l the r iva l 

f u n c t i o n a l h y p o t h e s e s t ha t T i n b e r g e n re jec ted , rests f u n d a m e n t a l l y u p o n the 

a s s u m p t i o n tha t o n c e u p o n a t ime the re mus t h a v e b e e n gu l l s w i t h a gene t i c 

t e n d e n c y to r e m o v e eggshe l l s , a n d o t h e r gu l l s w i t h a g e n e t i c t e n d e n c y not to 

r e m o v e t h e m , o r t o b e less l i ke ly t o r e m o v e t h e m . T h e r e mus t h a v e been 

g e n e s for r e m o v i n g eggshe l l s . 

H e r e I m u s t en t e r a no t e of c a u t i o n . S u p p o s e we a c t u a l l y d i d a s tudy of the 

g e n e t i c s o f e g g s h e l l r e m o v a l b e h a v i o u r i n m o d e r n gu l l s . I t w o u l d be a 

b e h a v i o u r - g e n e t i c i s t ' s d r e a m to f ind a s i m p l e M e n d e l i a n m u t a t i o n w h i c h 

r a d i c a l l y a l t e r e d the b e h a v i o u r p a t t e r n , p e r h a p s a b o l i s h e d the b e h a v i o u r 

a l t o g e t h e r . By the a r g u m e n t g i v e n a b o v e , this m u t a n t w o u l d t ru ly be a g e n e 

' for ' no t r e m o v i n g eggshe l l s , a n d , by def in i t ion , its w i l d - t y p e a l l e le w o u l d 

h a v e to be c a l l e d a g e n e for e g g s h e l l r e m o v a l . B u t n o w c o m e s the no te o f 

c a u t i o n . I t mos t de f in i t e ly does no t fo l low tha t this p a r t i c u l a r locus ' for ' 

e g g s h e l l r e m o v a l w a s o n e o f the ones u p o n w h i c h n a t u r a l se lec t ion w o r k e d 

d u r i n g the e v o l u t i o n o f the a d a p t a t i o n . O n the c o n t r a r y , i t seems m u c h m o r e 

p r o b a b l e t ha t a c o m p l e x b e h a v i o u r p a t t e r n l ike e g g s h e l l r e m o v a l mus t h a v e 

b e e n b u i l t up by s e l ec t i on on a l a r g e n u m b e r o f loc i , e a c h h a v i n g a smal l 

effect i n i n t e r a c t i o n w i t h the o thers . O n c e the b e h a v i o u r c o m p l e x h a d been 

b u i l t u p , i t i s easy to i m a g i n e a s ingle m a j o r m u t a t i o n a r i s ing , w h o s e effect is 

to d e s t r o y it. G e n e t i c i s t s pe r fo rce mus t e x p l o i t the g e n e t i c v a r i a t i o n a v a i l a b l e 

for t h e m t o s t u d y . T h e y a lso b e l i e v e tha t n a t u r a l se lec t ion mus t h a v e w o r k e d 

o n s i m i l a r g e n e t i c v a r i a t i o n i n w r e a k i n g e v o l u t i o n a r y c h a n g e . B u t the re i s n o 

r eason for t h e m to b e l i e v e tha t the loc i c o n t r o l l i n g m o d e r n v a r i a t i o n in an 

a d a p t a t i o n w e r e the v e r y s a m e loci a t w h i c h se lec t ion a c t e d i n b u i l d i n g u p 

the a d a p t a t i o n i n the f i r s t p l a c e . 

C o n s i d e r the mos t f a m o u s e x a m p l e o f s ing le g e n e c o n t r o l o f c o m p l e x 
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b e h a v i o u r , the case o f R o t h e n b u h l e r ' s (1964) h y g i e n i c bees . T h e p o i n t o f 

us ing this e x a m p l e i s tha t i t i l lus t ra tes w e l l h o w a h i g h l y c o m p l e x b e h a v i o u r 

di f ference c a n b e d u e t o a s ing le g e n e d i f fe rence . T h e h y g i e n i c b e h a v i o u r o f 

the B r o w n s t ra in o f h o n e y b e e s i n v o l v e s the w h o l e n e u r o m u s c u l a r s y s t e m , b u t 

the fact tha t they p e r f o r m the b e h a v i o u r w h e r e a s V a n S c o y bees d o no t is, 

a c c o r d i n g t o R o t h e n b u h l e r ' s m o d e l , d u e t o d i f ferences a t t w o loc i o n l y . O n e 

locus d e t e r m i n e s the u n c a p p i n g o f cel ls c o n t a i n i n g d i seased b r o o d , the o t h e r 

locus d e t e r m i n e s the r e m o v i n g o f d i seased b r o o d after u n c a p p i n g . I t w o u l d 

be poss ib le , therefore , to i m a g i n e a n a t u r a l s e l ec t ion in f a v o u r o f u n c a p p i n g 

b e h a v i o u r a n d a n a t u r a l se l ec t ion i n f a v o u r o f r e m o v i n g b e h a v i o u r , m e a n i n g 

se lec t ion o f the t w o g e n e s versus thei r r e spec t i ve a l l e les . B u t the p o i n t I am 

m a k i n g he re i s tha t , a l t h o u g h tha t c o u l d h a p p e n , i t i s no t l i k e l y to be v e r y 

in te res t ing e v o l u t i o n a r i l y . T h e m o d e r n u n c a p p i n g g e n e a n d the m o d e r n 

r e m o v i n g g e n e m a y v e r y w e l l no t h a v e b e e n i n v o l v e d i n the o r i g i n a l n a t u r a l 

se lec t ion process tha t s tee red the e v o l u t i o n a r y p u t t i n g t o g e t h e r o f the 

b e h a v i o u r . 

R o t h e n b u h l e r o b s e r v e d tha t e v e n V a n S c o y bees s o m e t i m e s p e r f o r m 

h y g i e n i c b e h a v i o u r . T h e y a re j u s t q u a n t i t a t i v e l y m u c h less l i k e l y t o d o s o 

t han are B r o w n bees . I t i s l i ke ly , therefore , t ha t b o t h B r o w n a n d V a n S c o y 

bees h a v e h y g i e n i c ances to rs , a n d b o t h h a v e i n the i r n e r v o u s sys tems the 

m a c h i n e r y o f u n c a p p i n g a n d r e m o v i n g b e h a v i o u r : i t i s j u s t t ha t V a n S c o y 

bees h a v e genes tha t p r e v e n t t h e m f rom t u r n i n g the m a c h i n e r y o n . 

P r e s u m a b l y i f w e w e n t b a c k e v e n fur ther i n t i m e w e s h o u l d f ind a n a n c e s t o r 

o f a l l m o d e r n bees w h i c h no t o n l y w a s no t h y g i e n i c i tse l f b u t h a d n e v e r h a d a 

h y g i e n i c ances to r . T h e r e mus t h a v e b e e n a n e v o l u t i o n a r y p rog re s s ion 

b u i l d i n g u p the u n c a p p i n g a n d r e m o v i n g b e h a v i o u r f rom n o t h i n g , a n d this 

e v o l u t i o n a r y p rogres s ion i n v o l v e d the se lec t ion o f m a n y g e n e s w h i c h a re n o w 

f i x e d i n b o t h the B r o w n a n d the V a n S c o y s t ra ins . S o , a l t h o u g h the 

u n c a p p i n g a n d the r e m o v i n g g e n e s o f the B r o w n s t ra in r e a l l y a r e r i g h t l y 

c a l l e d genes for u n c a p p i n g a n d r e m o v i n g , t h e y a r e de f ined a s s u c h o n l y 

b e c a u s e t hey h a p p e n to h a v e a l le les w h o s e effect i s t o p r e v e n t t he b e h a v i o u r 

from b e i n g p e r f o r m e d . T h e m o d e o f a c t i o n o f these a l le les c o u l d b e b o r i n g l y 

des t ruc t ive . T h e y m i g h t s i m p l y c u t s o m e v i t a l l ink i n the n e u r a l m a c h i n e r y . 

I a m r e m i n d e d o f G r e g o r y ' s ( 1 9 6 1 ) v i v i d i l lus t ra t ion o f the per i l s o f m a k i n g 

inferences from a b l a t i o n e x p e r i m e n t s o n the b r a i n : ' . . . the r e m o v a l o f a n y o f 

severa l w i d e l y s p a c e d resistors m a y cause a r a d i o set to e m i t h o w l s , b u t i t 

does no t fo l low tha t h o w l s a re i m m e d i a t e l y a s soc ia t ed w i t h these resistors, o r 

indeed tha t the c a u s a l r e l a t i o n i s a n y t h i n g b u t the mos t i n d i r e c t . In p a r 

t icu la r , we s h o u l d no t say tha t the func t ion o f the resistors i n the n o r m a l 

c i rcu i t i s to i n h i b i t h o w l i n g . N e u r o p h y s i o l o g i s t s , w h e n f a c e d w i t h a c o m 

p a r a b l e s i tua t ion , h a v e p o s t u l a t e d " supp re s so r r e g i o n s " . ' 

T h i s c o n s i d e r a t i o n seems to me to be a r eason for c a u t i o n , no t a r e a s o n for 

r e jec t ing the w h o l e g e n e t i c t heo ry o f n a t u r a l s e l e c t i o n ! N e v e r m i n d i f l i v i n g 
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gene t i c i s t s a re d e b a r r e d f rom s t u d y i n g the p a r t i c u l a r loc i a t w h i c h se lect ion 

in the pas t g a v e rise to the o r i g i n a l e v o l u t i o n of in t e re s t ing a d a p t a t i o n s . I t i s 

too b a d i f gene t i c i s t s u s u a l l y a re forced to c o n c e n t r a t e on loci tha t a re 

c o n v e n i e n t r a t h e r t h a n e v o l u t i o n a r i l y i m p o r t a n t . I t i s still t rue tha t the 

e v o l u t i o n a r y p u t t i n g t o g e t h e r o f c o m p l e x a n d i n t e r e s t i n g a d a p t a t i o n 

cons i s ted i n the r e p l a c e m e n t o f genes by the i r a l l e les . 

T h i s a r g u m e n t c a n c o n t r i b u t e t a n g e n t i a l l y t o the r e so lu t ion o f a 

f a s h i o n a b l e c o n t e m p o r a r y d i spu t e , by h e l p i n g to p u t the issue i n pe r spec t ive . 

I t i s n o w h i g h l y , i n d e e d pas s iona t e ly , c o n t r o v e r s i a l w h e t h e r there i s 

s ign i f i can t g e n e t i c v a r i a t i o n i n h u m a n m e n t a l ab i l i t i e s . A r e some o f u s 

g e n e t i c a l l y b r a i n i e r t h a n o t h e r s ? W h a t w e m e a n b y ' b r a i n y ' i s a lso h igh ly 

c o n t e n t i o u s , a n d r i g h t l y so. B u t I sugges t tha t , by a n y m e a n i n g o f the term, 

the f o l l o w i n g p ropos i t i ons c a n n o t be d e n i e d , (1 ) T h e r e w a s a t ime w h e n our 

ances to r s w e r e less b r a i n y t h a n we a re . (2) T h e r e f o r e there has b e e n an 

i nc rea se i n b ra in ines s i n o u r ances t r a l l i n e a g e . (3) T h a t inc rease c a m e a b o u t 

t h r o u g h e v o l u t i o n , p r o b a b l y p r o p e l l e d b y n a t u r a l se lec t ion . (4) W h e t h e r 

p r o p e l l e d by s e l ec t i on o r no t , a t leas t p a r t o f the e v o l u t i o n a r y c h a n g e in 

p h e n o t y p e re f l ec ted a n u n d e r l y i n g g e n e t i c c h a n g e : a l l e le r e p l a c e m e n t took 

p l a c e a n d c o n s e q u e n t l y m e a n m e n t a l ab i l i t y i n c r e a s e d o v e r g e n e r a t i o n s . (5) 

By de f in i t ion the re fore , a t leas t i n the pas t , the re m u s t h a v e b e e n s ignif icant 

g e n e t i c v a r i a t i o n i n b ra in ines s w i t h i n the h u m a n p o p u l a t i o n . S o m e peop l e 

w e r e g e n e t i c a l l y c l e v e r i n c o m p a r i s o n w i t h the i r c o n t e m p o r a r i e s , o thers w e r e 

g e n e t i c a l l y r e l a t i v e l y s t up id . 

T h e last s e n t e n c e m a y e n g e n d e r a frisson o f i d e o l o g i c a l d i squ ie t , y e t none 

o f m y f i v e p ropos i t i ons c o u l d b e ser ious ly d o u b t e d , no r c o u l d thei r log ica l 

s e q u e n c e . T h e a r g u m e n t w o r k s for b r a i n s ize , b u t i t e q u a l l y w o r k s for a n y 

b e h a v i o u r a l m e a s u r e o f c l eve rness w e c a r e t o d r e a m u p . I t does no t d e p e n d 

on s impl i s t i c v i e w s o f h u m a n i n t e l l i g e n c e a s b e i n g a o n e - d i m e n s i o n a l sca lar 

q u a n t i t y . T h e fac t t ha t i n t e l l i g e n c e i s no t a s i m p l e s ca l a r q u a n t i t y , i m p o r t a n t 

as t h a t fac t is, i s s i m p l y i r r e l e v a n t . So i s the d i f f icul ty of m e a s u r i n g 

i n t e l l i g e n c e i n p r a c t i c e . T h e c o n c l u s i o n o f the p r e v i o u s p a r a g r a p h i s 

i n e v i t a b l e , p r o v i d e d o n l y tha t w e a re evo lu t ion i s t s w h o a g r e e t o the 

p r o p o s i t i o n tha t o n c e u p o n a t i m e o u r ances to r s w e r e less c l e v e r (by 

w h a t e v e r c r i t e r ion ) t h e n we a re . Y e t i n sp i te o f a l l tha t , i t still does not fo l low 

t h a t t he re i s a n y g e n e t i c v a r i a t i o n in m e n t a l ab i l i t i es left in the h u m a n 

p o p u l a t i o n t o d a y : the g e n e t i c v a r i a n c e m i g h t a l l h a v e b e e n used u p b y 

se l ec t i on . O n the o t h e r h a n d i t m i g h t no t , a n d m y t h o u g h t e x p e r i m e n t shows 

a t leas t the i n a d v i s a b i l i t y o f d o g m a t i c a n d h y s t e r i c a l o p p o s i t i o n to the v e r y 

poss ib i l i ty o f g e n e t i c v a r i a t i o n i n h u m a n m e n t a l ab i l i t i es . M y o w n o p i n i o n , 

for w h a t i t i s w o r t h , i s t ha t e v e n i f the re i s such g e n e t i c v a r i a t i o n in m o d e r n 

h u m a n p o p u l a t i o n s , t o base a n y p o l i c y o n i t w o u l d b e i l l o g i c a l a n d w i c k e d . 

T h e e x i s t e n c e o f a D a r w i n i a n a d a p t a t i o n , then , impl i e s the s o m e t i m e 

e x i s t e n c e o f g e n e s for p r o d u c i n g the a d a p t a t i o n . T h i s i s no t a l w a y s m a d e 
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exp l i c i t . I t i s a l w a y s poss ib le to ta lk a b o u t the n a t u r a l s e l ec t i on of a 

b e h a v i o u r p a t t e r n i n t w o w a y s . W e c a n e i the r t a lk a b o u t i n d i v i d u a l s w i t h a 

t e n d e n c y t o pe r fo rm the b e h a v i o u r p a t t e r n b e i n g ' f i t ter ' t h a n i n d i v i d u a l s 

w i t h a less s t r o n g l y d e v e l o p e d t e n d e n c y . T h i s i s the n o w f a s h i o n a b l e 

p h r a s e o l o g y , w i t h i n the p a r a d i g m o f the 'selfish o r g a n i s m ' a n d the ' c e n t r a l 

t h e o r e m o f s o c i o b i o l o g y ' . A l t e r n a t i v e l y , a n d e q u i v a l e n t l y , w e c a n t a lk 

d i r ec t ly o f g e n e s for p e r f o r m i n g the b e h a v i o u r p a t t e r n s u r v i v i n g be t t e r t h a n 

thei r a l le les . I t i s a l w a y s l e g i t i m a t e to p o s t u l a t e g e n e s in a n y d i scuss ion o f 

D a r w i n i a n a d a p t a t i o n , a n d i t w i l l b e o n e o f m y c e n t r a l po in t s i n this b o o k 

that i t i s often pos i t i ve ly benef ic i a l to do so. O b j e c t i o n s , such as I h a v e h e a r d 

m a d e , t o the ' u n n e c e s s a r y g e n e t i c i z i n g ' o f t he l a n g u a g e o f f u n c t i o n a l 

e t h o l o g y , b e t r a y a f u n d a m e n t a l fa i lure to face up to the r e a l i t y o f w h a t 

D a r w i n i a n se lec t ion i s a l l a b o u t . 

L e t me i l lus t ra te this fa i lure by a n o t h e r a n e c d o t e . I r e c e n t l y a t t e n d e d a 

research s e m i n a r g i v e n b y a n a n t h r o p o l o g i s t . H e w a s t r y i n g t o i n t e r p r e t the 

i n c i d e n c e a m o n g v a r i o u s h u m a n t r ibes o f a p a r t i c u l a r m a t i n g s y s t e m (it 

h a p p e n e d to be p o l y a n d r y ) in terms of a t h e o r y of k in s e l e c t i o n . A kin 

se lec t ion theor is t c a n m a k e m o d e l s t o p r e d i c t the c o n d i t i o n s u n d e r w h i c h w e 

w o u l d e x p e c t t o f i n d p o l y a n d r y . T h u s , o n o n e m o d e l a p p l i e d t o T a s m a n i a n 

na t ive hens ( M a y n a r d S m i t h & R i d p a t h 1 9 7 2 ) , the p o p u l a t i o n sex r a t i o 

w o u l d need t o b e m a l e - b i a s e d , a n d pa r tne r s w o u l d n e e d t o b e c lose k in , 

before a b io log i s t w o u l d p r e d i c t p o l y a n d r y . T h e a n t h r o p o l o g i s t s o u g h t t o 

show that his p o l y a n d r o u s h u m a n tr ibes l i ved u n d e r s u c h c o n d i t i o n s , a n d , b y 

i m p l i c a t i o n , t ha t o the r t r ibes s h o w i n g the m o r e n o r m a l p a t t e r n s o f 

m o n o g a m y o r p o l y g y n y l i ved u n d e r dif ferent c o n d i t i o n s . 

T h o u g h fasc ina ted by the i n f o r m a t i o n he p re sen ted , I t r ied to w a r n h i m o f 

some diff icul t ies in his hypo thes i s . I p o i n t e d o u t t ha t the t h e o r y of k in 

se lec t ion i s f u n d a m e n t a l l y a g e n e t i c t heo ry , a n d tha t k in - s e l ec t ed a d a p t a t i o n s 

t o loca l c o n d i t i o n s h a d t o c o m e a b o u t t h r o u g h the r e p l a c e m e n t o f a l le les b y 

o the r a l le les , o v e r g e n e r a t i o n s . H a d his p o l y a n d r o u s t r ibes b e e n l i v i n g , I 

a sked , u n d e r the i r c u r r e n t p e c u l i a r c o n d i t i o n s for l o n g e n o u g h — e n o u g h 

g e n e r a t i o n s — f o r the necessa ry g e n e t i c r e p l a c e m e n t t o h a v e t a k e n p l a c e ? 

W a s there , i n d e e d , a n y reason t o b e l i e v e tha t v a r i a t i o n s i n h u m a n m a t i n g 

systems are u n d e r g e n e t i c c o n t r o l a t a l l ? 

T h e speake r , s u p p o r t e d b y m a n y o f his a n t h r o p o l o g i c a l c o l l e a g u e s i n the 

semina r , o b j e c t e d t o m y d r a g g i n g g e n e s in to the d i scuss ion . H e w a s no t 

t a l k i n g a b o u t genes , h e sa id , b u t a b o u t a soc ia l b e h a v i o u r p a t t e r n . S o m e o f 

his c o l l e a g u e s s e e m e d u n c o m f o r t a b l e w i t h the v e r y m e n t i o n o f the four - le t t e r 

w o r d ' g e n e ' . I t r ied to p e r s u a d e h i m that i t w a s he w h o h a d ' d r a g g e d g e n e s 

in ' t o the d iscuss ion a l t h o u g h , t o be sure , he h a d no t m e n t i o n e d the w o r d 

g e n e i n his t a lk . T h a t i s e x a c t l y the po in t I am t r y i n g t o m a k e . Y o u c a n n o t 

ta lk a b o u t k in se l ec t ion , o r a n y o the r form o f D a r w i n i a n s e l ec t i on , without 

d r a g g i n g g e n e s in, w h e t h e r y o u d o s o e x p l i c i t l y o r no t . B y e v e n s p e c u l a t i n g 
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a b o u t k in s e l ec t ion a s an e x p l a n a t i o n o f d i f ferences in t r iba l m a t i n g systems, 

my a n t h r o p o l o g i s t f r iend w a s i m p l i c i t l y d r a g g i n g g e n e s in to the discussion. I t 

i s a p i t y he d i d no t m a k e i t explicit, b e c a u s e he w o u l d then h a v e rea l i zed w h a t 

f o r m i d a b l e dif f icul t ies l a y in the p a t h o f his k in se lec t ion h y p o t h e s i s : e i ther 

his p o l y a n d r o u s t r ibes h a d to h a v e b e e n l i v i n g , i n pa r t i a l gene t i c isola t ion, 

u n d e r the i r p e c u l i a r c o n d i t i o n s for a l a r g e n u m b e r o f cen tur ies , o r na tu ra l 

s e l ec t ion h a d t o h a v e f a v o u r e d the u n i v e r s a l o c c u r r e n c e o f genes p r o g r a m 

m i n g s o m e c o m p l e x ' c o n d i t i o n a l s t r a t egy ' , t h e i r o n y i s tha t , o f all the 

p a r t i c i p a n t s in tha t s e m i n a r on p o l y a n d r y , i t w a s I w h o w a s a d v a n c i n g the 

leas t ' g e n e t i c a l l y d e t e r m i n i s t i c ' v i e w o f the b e h a v i o u r u n d e r discussion. Y e t 

b e c a u s e I insisted on m a k i n g the g e n e t i c n a t u r e o f the k in se lec t ion 

h y p o t h e s i s e x p l i c i t , I e x p e c t I a p p e a r e d to be c h a r a c t e r i s t i c a l l y obsessed wi th 

g e n e s , a ' t y p i c a l g e n e t i c d e t e r m i n i s t ' . T h e s tory i l lus t ra tes w e l l the m a i n 

m e s s a g e o f this c h a p t e r , tha t f r ank ly f a c i n g up to the f u n d a m e n t a l gene t i c 

n a t u r e of D a r w i n i a n selection i s a l l t oo eas i ly m i s t a k e n for an u n h e a l t h y 

p r e o c c u p a t i o n w i t h h e r e d i t a r i a n i n t e rp re t a t i ons o f o n t o g e n e t i c development. 

T h e s a m e p r e j u d i c e a g a i n s t e x p l i c i t m e n t i o n o f g e n e s w h e r e one c a n ge t 

a w a y w i t h a n i n d i v i d u a l - l e v e l c i r c u m l o c u t i o n i s c o m m o n a m o n g biologis ts . 

T h e s t a t e m e n t , ' g e n e s for p e r f o r m i n g b e h a v i o u r X a re f a v o u r e d o v e r genes 

for no t p e r f o r m i n g X ' has a v a g u e l y n a i v e a n d unprofess iona l r ing to it. 

W h a t e v i d e n c e i s t he re for s u c h g e n e s ? H o w d a r e y o u con ju re up ad hoc genes 

s i m p l y t o satisfy y o u r h y p o t h e t i c a l c o n v e n i e n c e ! T o say ' i n d i v i d u a l s tha t 

p e r f o r m X a re fitter t h a n i n d i v i d u a l s tha t d o no t pe r fo rm X ' sounds m u c h 

m o r e r e s p e c t a b l e . E v e n i f i t i s no t k n o w n to be t rue , i t w i l l p r o b a b l y be 

a c c e p t e d as a p e r m i s s i b l e s p e c u l a t i o n . B u t the t w o sen tences are e x a c t l y 

e q u i v a l e n t i n m e a n i n g . T h e s e c o n d o n e says n o t h i n g tha t the f i r s t does not 

say m o r e c l e a r l y . Y e t i f w e r e c o g n i z e this e q u i v a l e n c e a n d ta lk exp l i c i t l y 

a b o u t g e n e s ' for ' a d a p t a t i o n s , w e r u n the risk o f b e i n g a c c u s e d o f ' gene t i c 

d e t e r m i n i s m ' . I h o p e I h a v e s u c c e e d e d in s h o w i n g tha t this risk results from 

n o t h i n g m o r e t h a n m i s u n d e r s t a n d i n g . A sens ib le a n d u n e x c e p t i o n a b l e w a y 

of t h i n k i n g a b o u t n a t u r a l s e l e c t i o n — ' g e n e s e l e c t i o n i s m ' — is mi s t aken for a 

s t rong b e l i e f a b o u t d e v e l o p m e n t — ' g e n e t i c d e t e r m i n i s m ' . A n y o n e w h o thinks 

c l e a r l y a b o u t the de t a i l s o f h o w a d a p t a t i o n s c o m e in to b e i n g i s a lmos t b o u n d 

t o th ink , i m p l i c i t l y i f no t e x p l i c i t l y , a b o u t g e n e s , a l b e i t t hey m a y b e 

h y p o t h e t i c a l g e n e s . As I sha l l s h o w in this b o o k , there i s m u c h to be said for 

m a k i n g the g e n e t i c basis o f D a r w i n i a n func t iona l s p e c u l a t i o n s exp l i c i t ra ther 

t h a n i m p l i c i t . I t i s a g o o d w a y o f a v o i d i n g c e r t a i n t e m p t i n g errors o f 

r e a s o n i n g ( L l o y d 1 9 7 9 ) . I n d o i n g this w e m a y g i v e the impress ion , ent i re ly 

for the w r o n g r eason , o f b e i n g obsessed w i t h g e n e s a n d al l the m y t h i c 

b a g g a g e tha t g e n e s c a r r y i n the c o n t e m p o r a r y j o u r n a l i s t i c consc iousness . But 

d e t e r m i n i s m , in the sense o f an in f l ex ib le , t r a m l i n e - f o l l o w i n g o n t o g e n y , is, o r 

shou ld be , a t h o u s a n d mi les f rom o u r t h o u g h t s . O f cour se , i n d i v i d u a l 

soc iob io log i s t s m a y o r m a y no t b e g e n e t i c de te rmin i s t s . T h e y m a y b e 
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Ras ta fa r i ans , S h a k e r s o r M a r x i s t s . B u t the i r p r i v a t e o p i n i o n s o n g e n e t i c 

d e t e r m i n i s m , l ike the i r p r i v a t e o p i n i o n s o n r e l i g i o n , h a v e n o t h i n g t o d o w i t h 

the fact tha t they use the l a n g u a g e o f ' g e n e s for b e h a v i o u r ' w h e n t a l k i n g 

a b o u t n a t u r a l s e l ec t ion . 

A l a rge pa r t of this c h a p t e r has b e e n based on the a s s u m p t i o n tha t a 

b iologis t m i g h t w i sh t o s p e c u l a t e o n the D a r w i n i a n ' f u n c t i o n ' o f b e h a v i o u r 

pa t te rns . T h i s i s not to say tha t a l l b e h a v i o u r pa t t e rn s neces sa r i l y h a v e a 

D a r w i n i a n func t ion . I t m a y be tha t the re i s a l a r g e class o f b e h a v i o u r 

pa t te rns w h i c h a re s e l e c t i v e l y n e u t r a l o r de l e t e r i ous t o the i r p e r f o r m e r s , a n d 

c a n n o t useful ly be r e g a r d e d a s the p r o d u c t s o f n a t u r a l s e l e c t i o n . I f so, the 

a r g u m e n t s of this c h a p t e r do no t a p p l y to t h e m . B u t i t i s l e g i t i m a t e to s a y T 

am interes ted in a d a p t a t i o n . I d o n ' t necessa r i ly t h ink al l b e h a v i o u r pa t t e rn s 

are a d a p t a t i o n s , b u t I w a n t to s tudy those b e h a v i o u r p a t t e r n s t ha t a re 

a d a p t a t i o n s . ' S i m i l a r l y , to express a p r e f e r ence for s t u d y i n g v e r t e b r a t e s 

ra the r t han i n v e r t e b r a t e s does no t c o m m i t us to the b e l i e f t ha t a l l a n i m a l s 

are ve r t eb ra t e s . G i v e n tha t o u r field o f in teres t i s a d a p t i v e b e h a v i o u r , w e 

c a n n o t talk a b o u t the D a r w i n i a n e v o l u t i o n o f the ob jec t s o f in teres t w i t h o u t 

pos tu l a t i ng a g e n e t i c basis for t h e m . A n d to use ' a g e n e for X ' as a 

c o n v e n i e n t w a y o f t a l k i n g a b o u t ' t he g e n e t i c basis o f X ' , has b e e n s t a n d a r d 

p r ac t i ce in p o p u l a t i o n g e n e t i c s for o v e r h a l f a c e n t u r y . 

T h e ques t i on o f h o w l a r g e i s the class o f b e h a v i o u r pa t t e rn s t ha t w e c a n 

cons ider to be a d a p t a t i o n s i s an en t i r e ly s e p a r a t e q u e s t i o n . I t i s the sub jec t of 

the nex t c h a p t e r . 
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In o n e w a y o r a n o t h e r , this b o o k i s l a r g e l y p r e o c c u p i e d w i th the l o g i c 

o f D a r w i n i a n e x p l a n a t i o n s o f func t ion . B i t t e r e x p e r i e n c e w a r n s that a 

b io log i s t w h o s h o w s a s t r o n g in teres t in func t iona l e x p l a n a t i o n i s l ike ly to be 

a c c u s e d , s o m e t i m e s w i t h a pass ion tha t s tar t les those m o r e a c c u s t o m e d to 

scient i f ic t h a n i d e o l o g i c a l d e b a t e ( L e w o n t i n 1 9 7 7 ) , o f b e l i e v i n g tha t a l l 

a n i m a l s a re pe r f ec t l y o p t i m a l — a c c u s e d o f b e i n g a n ' a d a p t a t i o n i s t ' 

( L e w o n t i n 1 9 7 8 a , b ; G o u l d & L e w o n t i n 1 9 7 9 ) . A d a p t a t i o n i s m i s def ined as 

' t ha t a p p r o a c h t o e v o l u t i o n a r y s tudies w h i c h assumes w i t h o u t further p r o o f 

tha t a l l a spec t s o f the m o r p h o l o g y , p h y s i o l o g y a n d b e h a v i o r o f o rgan i sms a re 

a d a p t i v e o p t i m a l so lu t ions to p r o b l e m s ' ( L e w o n t i n 1 9 7 9 ) . In the first draf t 

o f this c h a p t e r I exp res sed d o u b t s t ha t a n y o n e w a s t ru ly an adap t a t i on i s t 

in the e x t r e m e sense, b u t I h a v e r e c e n t l y found the f o l l o w i n g q u o t a t i o n 

f rom, i r o n i c a l l y e n o u g h , L e w o n t i n h imse l f : ' T h a t i s the o n e po in t w h i c h 

I t h ink al l evo lu t ion i s t s a re a g r e e d u p o n , t ha t i t i s v i r t u a l l y imposs ib le 

to do a b e t t e r j o b t h a n an o r g a n i s m i s d o i n g in its o w n e n v i r o n m e n t ' 

( L e w o n t i n 1 9 6 7 ) . L e w o n t i n has s ince , i t seems, t r a v e l l e d his road to 

D a m a s c u s , so i t w o u l d be unfa i r t o use h i m as my adap t a t i on i s t s p o k e s m a n . 

I n d e e d t o g e t h e r w i t h G o u l d h e has , i n r e c e n t y e a r s , b e e n o n e o f the most 

a r t i c u l a t e a n d forceful c r i t i cs o f a d a p t a t i o n i s m . A s m y rep resen ta t ive 

a d a p t a t i o n i s t I t ake A . J . C a i n , w h o has r e m a i n e d ( C a i n 1979) cons is tent ly 

t rue t o the v i e w s expres sed in his t r e n c h a n t a n d e l e g a n t p a p e r on ' T h e 

pe r f ec t i on o f a n i m a l s ' . 

W r i t i n g as a t a x o n o m i s t , C a i n (1964) i s c o n c e r n e d to a t t a c k the t r ad i t iona l 

d i c h o t o m y b e t w e e n ' f u n c t i o n a l ' c h a r a c t e r s , w h i c h b y i m p l i c a t i o n are no t 

r e l i ab l e t a x o n o m i c i n d i c a t o r s , a n d ' a n c e s t r a l ' c h a r a c t e r s w h i c h are . C a i n 

a r g u e s fo rce fu l ly t ha t a n c i e n t ' g r o u n d p l a n ' c h a r a c t e r s , l ike the p e n t a d a c t y l 

l i m b o f t e t r a p o d s a n d the a q u a t i c phase o f a m p h i b i a n s , a re there b e c a u s e 

t h e y a re f u n c t i o n a l l y useful , r a t he r t han b e c a u s e t hey are i n e s c a p a b l e 

h i s to r i ca l l e g a c i e s a s i s often i m p l i e d . I f o n e o f t w o g r o u p s 'is i n a n y w a y 

m o r e p r i m i t i v e t h a n the o the r , then its p r imi t i venes s mus t in i tself be an 

30 
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a d a p t a t i o n t o s o m e less s p e c i a l i z e d m o d e o f life w h i c h i t c a n p u r s u e 

successfu l ly ; i t c a n n o t be m e r e l y a s ign of i ne f f i c i ency ' (p . 5 7 ) . C a i n m a k e s a 

s imi la r po in t a b o u t so -ca l l ed t r iv ia l c h a r a c t e r s , c r i t i c i z i n g D a r w i n for b e i n g 

too r e a d y , u n d e r the a t first s igh t su rp r i s ing i n f l u e n c e o f R i c h a r d O w e n , t o 

c o n c e d e func t ionlessness : ' N o o n e w i l l suppose t h a t the s t r ipes o n the w h e l p 

o f a l ion , o r the spots on the y o u n g b l a c k b i r d , a r e o f a n y use to these 

a n i m a l s . . . ' D a r w i n ' s r e m a r k mus t sound f o o l h a r d y t o d a y e v e n t o the mos t 

e x t r e m e cr i t ic o f a d a p t a t i o n i s m . I n d e e d , h i s to ry seems t o be on the s ide o f 

the adap ta t ion i s t s , in the sense tha t in p a r t i c u l a r i n s t ances t h e y h a v e 

c o n f o u n d e d the scoffers a g a i n a n d a g a i n . C a i n ' s o w n c e l e b r a t e d w o r k , w i t h 

S h e p p a r d a n d thei r s c h o o l , on the se lec t ion pressures m a i n t a i n i n g the 

b a n d i n g p o l y m o r p h i s m in the snai l Cepaea nemoralis m a y h a v e b e e n p a r t l y 

p r o v o k e d by the fact tha t ' i t h a d b e e n c o n f i d e n t l y asser ted t h a t i t c o u l d no t 

m a t t e r to a snai l w h e t h e r i t h a d o n e b a n d on its shel l o r t w o ' ( C a i n , p . 48) . 

' B u t p e r h a p s the mos t r e m a r k a b l e func t iona l i n t e r p r e t a t i o n o f a " t r i v i a l " 

c h a r a c t e r i s g i v e n by M a n t o n ' s w o r k on the d i p l o p o d Polyxenus, i n w h i c h she 

has s h o w n tha t a c h a r a c t e r f o rmer ly d e s c r i b e d a s an " o r n a m e n t " ( a n d w h a t 

cou ld sound m o r e useless?) i s a lmos t l i t e ra l ly the p i v o t o f the a n i m a l ' s l i fe ' 

( C a i n , p . 5 1 ) . 

A d a p t a t i o n i s m as a w o r k i n g hypo thes i s , a l m o s t as a fa i th , has u n d o u b t e d l y 

been the insp i ra t ion for s o m e o u t s t a n d i n g d i s cove r i e s , v o n F r i s c h ( 1 9 6 7 ) , i n 

de f i ance o f the p res t ig ious o r t h o d o x y o f v o n Hess , c o n c l u s i v e l y d e m o n s t r a t e d 

co lou r v i s ion i n f i s h a n d i n h o n e y b e e s b y c o n t r o l l e d e x p e r i m e n t s . H e w a s 

d r i v e n to u n d e r t a k e those e x p e r i m e n t s by his refusal to b e l i e v e tha t , for 

e x a m p l e , the co lou r s o f f lowers w e r e the re for no r eason , o r s i m p l y to d e l i g h t 

m e n ' s eyes . T h i s is, o f cour se , no t e v i d e n c e for the v a l i d i t y o f a d a p t a t i o n i s t 

faith. E a c h ques t i on m u s t be t a c k l e d afresh, on its mer i t s . 

W e n n e r ( 1 9 7 1 ) p e r f o r m e d a v a l u a b l e se rv i ce i n q u e s t i o n i n g v o n F r i s c h ' s 

d a n c e l a n g u a g e hypo thes i s , s ince h e p r o v o k e d J . L . G o u l d ' s ( 1 9 7 6 ) b r i l l i an t 

con f i rma t ion o f v o n F r i s ch ' s t heo ry . I f W e n n e r h a d b e e n m o r e o f a n 

adap ta t ion i s t G o u l d ' s r e sea rch m i g h t n e v e r h a v e b e e n d o n e , b u t W e n n e r 

w o u l d also no t h a v e a l l o w e d h i m s e l f t o b e s o b l i t h e l y w r o n g . A n y 

adap ta t ion i s t , w h i l e p e r h a p s c o n c e d i n g tha t W e n n e r h a d usefu l ly e x p o s e d 

l a c u n a e i n v o n F r i sch ' s o r i g i n a l e x p e r i m e n t a l d e s i g n , w o u l d i n s t a n t l y h a v e 

j u m p e d , w i t h L i n d a u e r ( 1 9 7 1 ) , o n the f u n d a m e n t a l q u e s t i o n o f w h y bees 

d a n c e a t a l l . W e n n e r n e v e r d e n i e d tha t they d a n c e , n o r t ha t the d a n c e 

con t a ined all the i n f o r m a t i o n a b o u t the d i r e c t i o n a n d d i s t a n c e o f food tha t 

v o n Fr i sch c l a i m e d . A l l h e d e n i e d w a s tha t o t h e r bees used the d a n c e 

in fo rmat ion . A n a d a p t a t i o n i s t c o u l d no t h a v e rested h a p p y w i t h the i d e a o f 

an ima l s p e r f o r m i n g such a t i m e - c o n s u m i n g , a n d a b o v e a l l c o m p l e x a n d 

s ta t is t ica l ly i m p r o b a b l e , a c t i v i t y for n o t h i n g . A d a p t a t i o n i s m cu t s b o t h w a y s , 

h o w e v e r . I am n o w d e l i g h t e d tha t G o u l d d i d his c l i n c h i n g e x p e r i m e n t s , a n d 

i t i s en t i re ly t o my d i sc red i t tha t , e v e n i n the u n l i k e l y e v e n t o f my h a v i n g 
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b e e n i n g e n i o u s e n o u g h t o t h ink o f t h e m , I w o u l d h a v e b e e n too adap ta t ion i s t 

t o h a v e b o t h e r e d . I j u s t knew W e n n e r w a s w r o n g ( D a w k i n s 1 9 6 9 ) ! 

A d a p t a t i o n i s t t h i n k i n g , i f no t b l i nd c o n v i c t i o n , has b e e n a v a l u a b l e 

s t i m u l a t o r o f t e s tab le h y p o t h e s e s i n p h y s i o l o g y . B a r l o w ' s ( 1 9 6 1 ) r ecogn i t ion 

o f the o v e r w h e l m i n g func t i ona l need in sensory sys tems to r e d u c e re

d u n d a n c y in i n p u t l ed h i m to a u n i q u e l y c o h e r e n t u n d e r s t a n d i n g of a va r i e ty 

o f facts a b o u t sensory p h y s i o l o g y . A n a l o g o u s func t iona l r e a s o n i n g c a n b e 

a p p l i e d t o the m o t o r sy s t em, a n d t o h i e r a r c h i c a l sys tems o f o r g a n i z a t i o n 

g e n e r a l l y ( D a w k i n s 1 9 7 6 b ; H a i l m a n 1 9 7 7 ) . A d a p t a t i o n i s t c o n v i c t i o n c a n n o t 

tell u s a b o u t p h y s i o l o g i c a l m e c h a n i s m . O n l y p h y s i o l o g i c a l e x p e r i m e n t c a n 

d o tha t . B u t c a u t i o u s a d a p t a t i o n i s t r e a s o n i n g c a n sugges t w h i c h o f m a n y 

poss ib le p h y s i o l o g i c a l h y p o t h e s e s a re mos t p r o m i s i n g a n d shou ld be tested 

first. 

I h a v e t r ied to s h o w tha t a d a p t a t i o n i s m c a n h a v e v i r tues as w e l l as faults. 

B u t this c h a p t e r ' s m a i n p u r p o s e i s to list a n d classify cons t ra in ts on 

pe r f ec t i on , t o list the m a i n reasons w h y the s tuden t o f a d a p t a t i o n should 

p r o c e e d w i t h c a u t i o n . Befo re c o m i n g t o m y list o f six cons t ra in ts o n 

pe r f ec t i on , I s h o u l d d e a l w i t h th ree o thers tha t h a v e b e e n p roposed , bu t 

w h i c h I f i nd less p e r s u a s i v e . T a k i n g , f i r s t , the m o d e r n c o n t r o v e r s y a m o n g 

b i o c h e m i c a l gene t i c i s t s a b o u t ' n e u t r a l m u t a t i o n s ' , r e p e a t e d l y c i ted i n 

c r i t i ques o f a d a p t a t i o n i s m , i t i s s i m p l y i r r e l e v a n t . I f there are neut ra l 

m u t a t i o n s in the b i o c h e m i s t s ' sense, w h a t this m e a n s i s tha t a n y c h a n g e in 

p o l y p e p t i d e s t r uc tu r e w h i c h t hey i n d u c e has n o effect o n the e n z y m a t i c 

a c t i v i t y o f the p r o t e i n . T h i s m e a n s tha t the n e u t r a l m u t a t i o n w i l l not c h a n g e 

the cou r se of e m b r y o n i c d e v e l o p m e n t , w i l l h a v e no p h e n o t y p i c effect a t all, as 

a w h o l e - o r g a n i s m b io log i s t w o u l d u n d e r s t a n d p h e n o t y p i c effect. T h e 

b i o c h e m i c a l c o n t r o v e r s y o v e r n e u t r a l i s m i s c o n c e r n e d w i t h the in te res t ing 

a n d i m p o r t a n t q u e s t i o n o f w h e t h e r all g e n e subs t i tu t ions h a v e p h e n o t y p i c 

effects. T h e a d a p t a t i o n i s m c o n t r o v e r s y i s q u i t e different . I t i s c o n c e r n e d w i t h 

w h e t h e r , given t ha t we a re d e a l i n g w i t h a p h e n o t y p i c effect b i g e n o u g h to see 

a n d ask q u e s t i o n s a b o u t , we shou ld a s s u m e tha t i t i s the p r o d u c t o f na tu ra l 

s e l ec t i on . T h e b i o c h e m i s t ' s ' n e u t r a l m u t a t i o n s ' a re m o r e t han n e u t r a l . A s far 

a s those o f u s w h o look a t gross m o r p h o l o g y , p h y s i o l o g y a n d b e h a v i o u r are 

c o n c e r n e d , t h e y a r e n o t m u t a t i o n s a t a l l . I t w a s in this spiri t tha t M a y n a r d 

S m i t h ( 1 9 7 6 b ) w r o t e : ' I i n t e rp re t " r a t e o f e v o l u t i o n " a s a r a te o f a d a p t i v e 

c h a n g e . In this sense, t he subs t i tu t ion of a n e u t r a l a l l e le w o u l d not cons t i tu te 

e v o l u t i o n . . . ' I f a w h o l e - o r g a n i s m b io log i s t sees a g e n e t i c a l l y d e t e r m i n e d 

d i f fe rence a m o n g p h e n o t y p e s , h e a l r e a d y k n o w s h e c a n n o t b e d e a l i n g w i t h 

n e u t r a l i t y i n the sense o f the m o d e r n c o n t r o v e r s y a m o n g b i o c h e m i c a l 

gene t i c i s t s . 

He m i g h t , neve r the l e s s , be d e a l i n g w i t h a n e u t r a l c h a r a c t e r in the sense o f 

an ea r l i e r c o n t r o v e r s y (F i she r & F o r d 1 9 5 0 ; W r i g h t 1 9 5 1 ) . A gene t i c 

d i f fe rence c o u l d s h o w i t se l f a t the p h e n o t y p i c l eve l , y e t still be se l ec t ive ly 
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neu t ra l . B u t m a t h e m a t i c a l c a l c u l a t i o n s s u c h a s those o f F i s h e r ( 1 9 3 0 b ) a n d 

H a l d a n e ( 1 9 3 2 a ) s h o w h o w u n r e l i a b l e h u m a n s u b j e c t i v e j u d g e m e n t c a n b e 

o n the ' o b v i o u s l y t r i v i a l ' n a t u r e o f s o m e b i o l o g i c a l c h a r a c t e r s . H a l d a n e , for 

e x a m p l e , s h o w e d tha t , w i t h p l a u s i b l e a s s u m p t i o n s a b o u t a t y p i c a l p o p u 

la t ion , a se lec t ion pressure as w e a k as 1 in 1000 w o u l d t a k e o n l y a few 

thousand g e n e r a t i o n s to push an in i t i a l ly r a re m u t a t i o n to f ixat ion, a sma l l 

t ime by g e o l o g i c a l s t a n d a r d s . I t a p p e a r s tha t , i n the c o n t r o v e r s y re fer red to 

a b o v e , W r i g h t w a s m i s u n d e r s t o o d (see b e l o w ) . W r i g h t (1980) w a s e m b a r 

rassed a t f i n d i n g the i d e a o f e v o l u t i o n o f n o n a d a p t i v e c h a r a c t e r s b y g e n e t i c 

drift l a b e l l e d the ' S e w a l l W r i g h t effect ' , ' no t o n l y b e c a u s e o the r s h a d 

p rev ious ly a d v a n c e d the s a m e i d e a , b u t b e c a u s e I m y s e l f h a d s t r o n g l y 

re jec ted i t f rom the f i r s t ( 1 9 2 9 ) , s t a t i ng tha t p u r e r a n d o m drift l e ads 

" i n e v i t a b l y to d e g e n e r a t i o n a n d e x t i n c t i o n " ' . I h a v e a t t r i bu t ed a p p a r e n t 

n o n a d a p t i v e t a x o n o m i c d i f ferences t o p l e i o t r o p y , w h e r e no t m e r e l y i g n o r 

a n c e o f an a d a p t i v e s i gn i f i c ance . ' W r i g h t w a s i n fac t s h o w i n g h o w a sub t l e 

m i x t u r e o f drift a n d se lec t ion c a n p r o d u c e a d a p t a t i o n s superior t o the 

p roduc t s o f se l ec t ion a l o n e (see p p . 3 9 - 4 0 ) . 

A second sugges t ed cons t r a in t on pe r f ec t i on c o n c e r n s a l l o m e t r y ( H u x l e y 

1 9 3 2 ) : ' I n c e r v i n e dee r , an t l e r s ize inc reases m o r e t h a n p r o p o r t i o n a t e l y t o 

b o d y s i z e . . . s o tha t l a r g e r dee r h a v e m o r e t h a n p r o p o r t i o n a t e l y l a r g e 

ant lers . I t is then u n n e c e s s a r y to g i v e a spec i f i ca l ly a d a p t i v e r eason for the 

e x t r e m e l y l a rge ant le rs o f l a r g e d e e r ' ( L e w o n t i n 1 9 7 9 ) . W e l l , L e w o n t i n has a 

point he re , b u t I w o u l d prefer to r eph rase it. As i t s t ands i t sugges t s t ha t the 

a l l ome t r i c cons t an t i s c o n s t a n t in a G o d - g i v e n i m m u t a b l e sense . B u t 

constants o n o n e t ime sca le c a n b e v a r i a b l e s o n a n o t h e r . T h e a l l o m e t r i c 

cons tan t i s a p a r a m e t e r o f e m b r y o n i c d e v e l o p m e n t . Like; a n y o t h e r s u c h 

p a r a m e t e r i t m a y b e sub jec t t o g e n e t i c v a r i a t i o n a n d therefore i t m a y c h a n g e 

o v e r e v o l u t i o n a r y t ime ( C l u t t o n - B r o c k & H a r v e y 1 9 7 9 ) . L e w o n t i n ' s r e m a r k 

turns ou t to be a n a l o g o u s to the f o l l o w i n g : a l l p r i m a t e s h a v e t e e t h ; this i s j u s t 

a p la in fact a b o u t p r i m a t e s , a n d i t is therefore u n n e c e s s a r y to g i v e a 

spec i f ica l ly a d a p t i v e reason for the p r e s e n c e o f tee th i n p r i m a t e s . W h a t he 

p r o b a b l y m e a n t to say i s s o m e t h i n g l ike the f o l l o w i n g . 

D e e r h a v e e v o l v e d a d e v e l o p m e n t a l m e c h a n i s m s u c h tha t g r o w t h o f 

ant lers r e l a t i ve to b o d y s ize i s a l l o m e t r i c w i t h a p a r t i c u l a r c o n s t a n t of 

a l l o m e t r y . V e r y p r o b a b l y the e v o l u t i o n o f this a l l o m e t r i c s y s t e m o f 

d e v e l o p m e n t o c c u r r e d u n d e r the i n f luence o f s e l ec t ion pressures h a v i n g 

n o t h i n g t o d o w i t h the soc ia l f unc t i on o f a n t l e r s : p r o b a b l y i t w a s 

c o n v e n i e n t l y c o m p a t i b l e w i t h p r e - e x i s t i n g d e v e l o p m e n t a l p rocesses i n a w a y 

w h i c h w e shal l no t u n d e r s t a n d un t i l w e k n o w m o r e a b o u t the b i o c h e m i c a l 

a n d ce l l u l a r de ta i l s o f e m b r y o l o g y . M a y b e e t h o l o g i c a l c o n s e q u e n c e s o f the 

ex t ra l a rge an t le rs o f l a r g e d e e r exe r t a s e l ec t i ve effect , b u t this s e l ec t ion 

pressure i s l ike ly to be s w a m p e d in i m p o r t a n c e by o t h e r s e l ec t ion pressures 

c o n c e r n e d w i t h c o n c e a l e d in t e rna l e m b r y o l o g i c a l de ta i l s . 
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W i l l i a m s ( 1 9 6 6 , p . 16) i n v o k e d a l l o m e t r y in the se rv i ce o f a specu l a t i on 

a b o u t the s e l ec t ion pressures l e a d i n g t o inc reased b r a i n size i n m a n . He 

sugges t ed tha t the p r i m e focus o f se lec t ion w a s on e a r l y t e achab i l i t y , a t an 

e l e m e n t a r y l e v e l , o f c h i l d r e n . ' T h e r e su l t ing se lec t ion for a c q u i r i n g v e r b a l 

fac i l i ty as e a r l y as poss ib le m i g h t h a v e p r o d u c e d , as an a l l o m e t r i c effect on 

c e r e b r a l d e v e l o p m e n t , p o p u l a t i o n s i n w h i c h a n o c c a s i o n a l L e o n a r d o m i g h t 

a r i se . ' W i l l i a m s , h o w e v e r , d id no t see a l l o m e t r y as a w e a p o n aga ins t the use 

o f a d a p t i v e e x p l a n a t i o n s . O n e feels tha t he w a s r i g h t l y less l o y a l t o his 

p a r t i c u l a r t h e o r y o f c e r e b r a l h y p e r t r o p h y t h a n t o the g e n e r a l p r inc ip l e 

e n u n c i a t e d in his c o n c l u d i n g r h e t o r i c a l q u e s t i o n : ' Is i t no t r easonab le to 

a n t i c i p a t e t ha t o u r u n d e r s t a n d i n g o f the h u m a n m i n d w o u l d b e a i d e d 

g r e a t l y b y k n o w i n g the p u r p o s e for w h i c h i t w a s d e s i g n e d ? ' 

W h a t has b e e n said o f a l l o m e t r y app l i e s a lso t o p l e i o t r o p y , the possession 

by o n e g e n e o f m o r e t h a n o n e p h e n o t y p i c effect. T h i s i s the thi rd o f the 

sugges t ed cons t ra in t s on pe r f ec t i on tha t I w a n t to ge t ou t o f the w a y before 

e m b a r k i n g o n m y m a i n list. I t has a l r e a d y b e e n m e n t i o n e d i n m y q u o t a t i o n 

f rom W r i g h t . A poss ib le sou rce of confus ion he re i s tha t p l e i o t r o p y has b e e n 

used as a w e a p o n by b o t h sides in this d e b a t e , i f i n d e e d i t is a rea l d e b a t e . 

F i she r ( 1 9 3 0 b ) r e a s o n e d tha t i t w a s u n l i k e l y tha t a n y o n e o f a gene ' s 

p h e n o t y p i c effects w a s n e u t r a l , so h o w m u c h m o r e u n l i k e l y w a s i t that all o f a 

g e n e ' s p l e i o t r o p i c effects c o u l d b e n e u t r a l . L e w o n t i n ( 1 9 7 9 ) , o n the o the r 

h a n d , r e m a r k e d tha t ' m a n y c h a n g e s i n c h a r a c t e r s a re the result o f 

p l e i o t r o p i c g e n e a c t i o n , r a t h e r t h a n the d i r e c t resul t o f se lec t ion on the 

c h a r a c t e r itself. T h e y e l l o w c o l o r o f the M a l p i g h i a n tubu les o f a n insect 

c a n n o t i t se l f b e the sub jec t o f n a t u r a l se lec t ion s ince tha t c o l o r c a n n e v e r b e 

seen by a n y o r g a n i s m . R a t h e r i t i s the p l e i o t r o p i c c o n s e q u e n c e o f red e y e 

p i g m e n t m e t a b o l i s m , w h i c h m a y b e a d a p t i v e . ' T h e r e i s n o real d i sag ree 

m e n t h e r e . F i s h e r w a s t a l k i n g o f the se l ec t ive effects on a g e n e t i c m u t a t i o n , 

L e w o n t i n of s e l e c t i v e effects on a p h e n o t y p i c c h a r a c t e r ; i t i s the s a m e 

d i s t i nc t i on , i n d e e d , as I w a s m a k i n g in d i scuss ing n e u t r a l i t y in the 

b i o c h e m i c a l gene t i c i s t s ' sense. 

L e w o n t i n ' s p o i n t a b o u t p l e i o t r o p y i s r e l a t ed to a n o t h e r o n e w h i c h I shal l 

c o m e o n t o b e l o w , a b o u t the p r o b l e m o f de f in ing w h a t h e ca l l s the n a t u r a l 

' su tu re l ines ' , the ' p h e n o t y p i c un i t s ' o f e v o l u t i o n . S o m e t i m e s the d u a l effects 

o f a g e n e a re in p r i n c i p l e i n s e p a r a b l e ; t h e y a re different v i e w s o f the s a m e 

t h i n g , j u s t a s E v e r e s t used t o h a v e t w o n a m e s d e p e n d i n g on w h i c h side i t w a s 

seen f rom. W h a t a b i o c h e m i s t sees a s an o x y g e n - c a r r y i n g m o l e c u l e m a y be 

seen by an e t h o l o g i s t as r ed c o l o r a t i o n . B u t there i s a m o r e in te res t ing k ind of 

p l e i o t r o p y in w h i c h the t w o p h e n o t y p i c effects o f a m u t a t i o n a re s epa rab l e . 

T h e p h e n o t y p i c effect o f a n y g e n e (versus its a l le les) i s no t a p r o p e r t y of the 

g e n e a l o n e , b u t a l so o f the e m b r y o l o g i c a l c o n t e x t i n w h i c h i t ac ts . T h i s 

a l l o w s a b u n d a n t o p p o r t u n i t i e s for the p h e n o t y p i c effects o f o n e m u t a t i o n to 

be m o d i f i e d by o thers , a n d i s the basis o f such r e spec t ed ideas as Fisher ' s 
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(1930a) t heo ry o f the e v o l u t i o n o f d o m i n a n c e , the M e d a w a r ( 1 9 5 2 ) a n d 

W i l l i a m s ( 1 9 5 7 ) theor ies o f s enescence , a n d H a m i l t o n ' s ( 1 9 6 7 ) t h e o r y o f Y -

c h r o m o s o m e iner tness . In the p resen t c o n n e c t i o n , i f a m u t a t i o n has o n e 

benef ic ia l effect a n d o n e h a r m f u l o n e , the re i s no r eason w h y s e l ec t i on s h o u l d 

not f a v o u r modi f i e r g e n e s t ha t d e t a c h the t w o p h e n o t y p i c effects, o r t ha t 

r e d u c e the ha rmfu l effect w h i l e e n h a n c i n g the bene f i c i a l o n e . A s i n the case 

o f a l l o m e t r y , L e w o n t i n took too s ta t ic a v i e w o f g e n e a c t i o n , t r e a t i n g 

p l e io t ropy as i f i t w a s a p r o p e r t y o f the g e n e r a t h e r t h a n of the i n t e r a c t i o n 

b e t w e e n the g e n e a n d its (mod i f i ab l e ) e m b r y o l o g i c a l c o n t e x t . 

T h i s b r ings m e t o m y o w n c r i t i q u e o f n a i v e a d a p t a t i o n i s m , m y o w n list o f 

cons t ra in ts on pe r fec t ion , a list w h i c h has m u c h in c o m m o n w i t h those o f 

L e w o n t i n a n d C a i n , a n d those o f M a y n a r d S m i t h ( 1 9 7 8 b ) , O s t e r a n d W i l s o n 

( 1 9 7 8 ) , W i l l i a m s ( 1 9 6 6 ) , C u r i o ( 1 9 7 3 ) a n d o the r s . T h e r e is, i n d e e d , m u c h 

m o r e a g r e e m e n t t han the p o l e m i c a l tone o f r e c e n t c r i t i q u e s w o u l d s u g g e s t . I 

shall not b e c o n c e r n e d w i t h p a r t i c u l a r cases , e x c e p t a s e x a m p l e s . A s C a i n 

a n d L e w o n t i n b o t h stress, i t i s no t o f g e n e r a l in teres t to c h a l l e n g e o u r 

i n g e n u i t y i n d r e a m i n g u p poss ib le a d v a n t a g e s o f p a r t i c u l a r s t r a n g e th ings 

that a n i m a l s d o . H e r e w e a re in te res ted i n the m o r e g e n e r a l q u e s t i o n o f w h a t 

the theory o f n a t u r a l se l ec t ion ent i t les u s t o e x p e c t . M y f i r s t c o n s t r a i n t o n 

per fec t ion i s an o b v i o u s o n e , m e n t i o n e d by mos t wr i t e r s on a d a p t a t i o n . 

Time lags 
T h e a n i m a l w e a re l o o k i n g a t i s v e r y p r o b a b l y o u t o f d a t e , b u i l t u n d e r the 

inf luence o f g e n e s tha t w e r e se l ec ted i n s o m e ea r l i e r e r a w h e n c o n d i t i o n s 

w e r e different . M a y n a r d S m i t h ( 1 9 7 6 b ) g i v e s a q u a n t i t a t i v e m e a s u r e o f this 

effect, the ' l a g l o a d ' . H e ( M a y n a r d S m i t h 1 9 7 8 b ) c i tes N e l s o n ' s d e m o n 

strat ion tha t g a n n e t s , w h o n o r m a l l y l ay o n l y o n e e g g , a r e q u i t e c a p a b l e o f 

successfully i n c u b a t i n g a n d r e a r i n g t w o i f a n e x t r a o n e i s e x p e r i m e n t a l l y 

a d d e d . O b v i o u s l y a n a w k w a r d case for the L a c k h y p o t h e s i s o n o p t i m a l 

c l u t c h s ize , a n d L a c k h i m s e l f (1966) w a s no t s l ow t o use the ' t i m e - l a g ' e s c a p e 

rou te . H e sugges t ed , en t i r e ly p l a u s i b l y , t ha t the g a n n e t c l u t c h s ize o f o n e e g g 

e v o l v e d d u r i n g a t ime w h e n food w a s less p len t i fu l , a n d tha t the re h a d no t 

ye t been t ime for t h e m to e v o l v e to m e e t the c h a n g e d c o n d i t i o n s . 

S u c h post hoc r e s c u i n g of a h y p o t h e s i s in t r o u b l e is a p t to p r o v o k e 

accusa t ions of the sin of unfa ls i f iab i l i ty , b u t I f ind s u c h a c c u s a t i o n s r a t h e r 

uncons t ruc t i ve , a lmos t n ih i l i s t ic . W e a re no t i n P a r l i a m e n t o r a c o u r t o f l a w , 

w i th a d v o c a t e s o f D a r w i n i s m s c o r i n g d e b a t i n g po in t s a g a i n s t o p p o n e n t s , 

and v i ce ve r sa . W i t h the e x c e p t i o n o f a few g e n u i n e o p p o n e n t s o f D a r w i n i s m , 

w h o a re u n l i k e l y t o be r e a d i n g this, we a r e a l l i n this t o g e t h e r , a l l 

D a r w i n i a n s w h o subs t an t i a l l y a g r e e o n h o w w e in t e rp re t w h a t is, af ter a l l , 

the o n l y w o r k a b l e t heo ry w e h a v e t o e x p l a i n the o r g a n i z e d c o m p l e x i t y o f 

life. W e shou ld al l s ince re ly w a n t t o know w h y g a n n e t s l a y o n l y o n e e g g w h e n 

they cou ld lay t w o , ra the r than t r ea t ing the fact as a d e b a t i n g po in t . L a c k ' s 
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i n v o k i n g of the ' t i m e - l a g ' h y p o t h e s i s m a y h a v e been post hoc, bu t i t i s still 

t h o r o u g h l y p l a u s i b l e , a n d i t i s t e s tab le . No d o u b t there a re o the r possibi l i t ies 

w h i c h , w i t h l u c k , m a y a lso b e t es tab le . M a y n a r d S m i t h i s sure ly r ight tha t 

w e s h o u l d l e a v e as ide the 'defea t i s t ' ( T i n b e r g e n 1965) a n d un tes t ab le 

' n a t u r a l s e l ec t ion has b u n g l e d a g a i n ' e x p l a n a t i o n as a last resort , as a m a t t e r 

o f s i m p l e r e sea rch s t r a t e g y i f n o t h i n g else. L e w o n t i n ( 1 9 7 8 b ) says m u c h the 

s a m e : ' I n a sense, t hen , b io log is t s a re forced to the e x t r e m e adap ta t ion i s t 

p r o g r a m b e c a u s e the a l t e r n a t i v e s , a l t h o u g h they a re u n d o u b t e d l y o p e r a t i v e 

i n m a n y cases , a r e u n t e s t a b l e i n p a r t i c u l a r cases . ' 

R e t u r n i n g to the t i m e - l a g effect itself, s ince m o d e r n m a n has d ras t i ca l ly 

c h a n g e d the e n v i r o n m e n t o f m a n y a n i m a l s a n d p lan t s o v e r a t ime-sca le tha t 

i s n e g l i g i b l e by o r d i n a r y e v o l u t i o n a r y s t a n d a r d s , we c a n e x p e c t t o see 

a n a c h r o n i s t i c a d a p t a t i o n s r a t h e r of ten. T h e h e d g e h o g a n t i p r e d a t o r response 

o f r o l l i n g up i n to a b a l l i s s ad ly i n a d e q u a t e aga ins t m o t o r ca rs . 

L a y cr i t ics f r e q u e n t l y b r i n g u p s o m e a p p a r e n t l y m a l a d a p t i v e fea ture o f 

m o d e r n h u m a n b e h a v i o u r — a d o p t i o n , say , o r c o n t r a c e p t i o n — a n d f l i n g 

d o w n a c h a l l e n g e to ' e x p l a i n tha t i f y o u c a n w i t h y o u r selfish g e n e s ' . 

O b v i o u s l y , a s L e w o n t i n , G o u l d a n d o thers h a v e r i gh t ly stressed, i t w o u l d be 

poss ib le , d e p e n d i n g on o n e ' s i n g e n u i t y , to pu l l a ' s o c i o b i o l o g i c a l ' e x p l a 

n a t i o n o u t of a ha t , a ' just-so s to ry ' , b u t I a g r e e w i t h t h e m a n d C a i n that the 

a n s w e r i n g of such c h a l l e n g e s is a t r iv ia l e x e r c i s e ; i n d e e d i t is l ike ly to be 

pos i t i ve ly h a r m f u l . A d o p t i o n a n d c o n t r a c e p t i o n , l ike r e a d i n g , m a t h e m a t i c s , 

a n d s t r e s s - induced i l lness, a re p r o d u c t s o f an a n i m a l tha t i s l i v i n g in an 

e n v i r o n m e n t r a d i c a l l y dif ferent f rom the o n e in w h i c h its g e n e s w e r e n a t u r a l l y 

s e l ec t ed . T h e q u e s t i o n , a b o u t the a d a p t i v e s ign i f i cance o f b e h a v i o u r i n a n 

ar t i f ic ia l w o r l d , s h o u l d n e v e r h a v e b e e n p u t ; a n d a l t h o u g h a sil ly ques t ion 

m a y d e s e r v e a s i l ly a n s w e r , i t i s w i se r to g i v e no a n s w e r a t a l l a n d to exp la in 

w h y . 

A useful a n a l o g y he re i s o n e tha t I h e a r d from R. D. A l e x a n d e r . M o t h s f ly 

in to c a n d l e f lames , a n d this does n o t h i n g to h e l p thei r i nc lus ive f i tness . In the 

w o r l d before c a n d l e s w e r e i n v e n t e d , sma l l sources o f b r i g h t l igh t i n darkness 

w o u l d e i the r h a v e b e e n ce les t i a l b o d i e s a t o p t i c a l inf ini ty , o r they m i g h t h a v e 

b e e n e s c a p e ho le s f rom c a v e s o r o t h e r enc losed spaces . T h e la t ter case 

i m m e d i a t e l y sugges t s a s u r v i v a l v a l u e for a p p r o a c h i n g l igh t sources . T h e 

f o r m e r ca se a l so sugges t s o n e , b u t in a m o r e ind i rec t sense ( F r a e n k e l & G u n n 

1940) . M a n y insects use ce les t i a l bod i e s a s c o m p a s s e s . S i n c e these are a t 

o p t i c a l inf in i ty , r a y s f rom t h e m a re p a r a l l e l , a n d an insect tha t m a i n t a i n s a 

f ixed o r i e n t a t i o n of, say , 3 0 ° to t h e m w i l l go in a s t r a igh t l ine . B u t i f the rays 

do n o t c o m e f rom inf ini ty t hey wi l l no t be p a r a l l e l , a n d an insect that 

b e h a v e s in this w a y w i l l sp i ra l in to the l igh t sou rce (if s t ee r ing an acu t e -

a n g l e d cour se ) o r sp i ra l a w a y (if s t ee r ing an o b t u s e - a n g l e d course) o r orbi t 

the s o u r c e (if s t e e r ing a cou r se o f e x a c t l y 9 0 ° to the r a y s ) . S e l f - i m m o l a t i o n by 

insects in c a n d l e f l ames , t hen , has no s u r v i v a l v a l u e in itself: a c c o r d i n g to 
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this hypo thes i s , i t i s a b y p r o d u c t o f the useful h a b i t o f s t ee r ing by m e a n s of 

sources o f l igh t w h i c h a re ' a s s u m e d ' t o b e a t in f in i ty . T h a t a s s u m p t i o n w a s 

o n c e safe. I t n o w i s safe no l o n g e r , a n d i t m a y be tha t s e l ec t ion i s e v e n n o w 

w o r k i n g t o m o d i f y the insec ts ' b e h a v i o u r . ( N o t neces sa r i l y , h o w e v e r . T h e 

o v e r h e a d costs o f m a k i n g the necessa ry i m p r o v e m e n t s m a y o u t w e i g h the 

benefits they m i g h t b r i n g : m o t h s t ha t p a y the costs o f d i s c r i m i n a t i n g c a n d l e s 

from stars m a y be less successful , on a v e r a g e , t h a n m o t h s tha t do no t a t t e m p t 

the cos t ly d i s c r i m i n a t i o n a n d a c c e p t the l o w risk o f s e l f - i m m o l a t i o n — s e e n e x t 

chap te r . ) 

Bu t n o w w e h a v e r e a c h e d a p r o b l e m w h i c h i s m o r e sub t l e t h a n the s i m p l e 

t i m e - l a g h y p o t h e s i s itself. T h i s i s the p r o b l e m , a l r e a d y m e n t i o n e d , a b o u t 

w h a t cha rac t e r i s t i c s o f a n i m a l s w e c h o o s e t o r e c o g n i z e a s uni ts w h i c h r e q u i r e 

e x p l a n a t i o n . A s L e w o n t i n ( 1 9 7 9 ) pu ts it , ' W h a t a re the " n a t u r a l " su tu re 

l ines for e v o l u t i o n a r y d y n a m i c s ? W h a t i s the t o p o l o g y o f p h e n o t y p e i n 

e v o l u t i o n ? W h a t a re the p h e n o t y p i c units o f e v o l u t i o n ? ' T h e c a n d l e f l a m e 

p a r a d o x arose o n l y b e c a u s e o f the w a y i n w h i c h w e chose t o c h a r a c t e r i z e the 

m o t h ' s b e h a v i o u r . W e asked ' W h y d o m o t h s f l y in to c a n d l e f l a m e s ? ' a n d 

w e r e p u z z l e d . I f w e h a d c h a r a c t e r i z e d the b e h a v i o u r d i f fe ren t ly a n d a sked 

' W h y do moths m a i n t a i n a f i xed a n g l e t o l igh t r ays ( a h a b i t w h i c h 

i nc iden t a l l y causes t h e m to sp i ra l in to the l i gh t sou rce i f the r ays h a p p e n no t 

t o b e p a r a l l e l ) ? ' , w e shou ld not h a v e b e e n s o p u z z l e d . 

C o n s i d e r h u m a n m a l e h o m o s e x u a l i t y a s a m o r e ser ious e x a m p l e . O n the 

face o f it, the ex i s t ence o f a subs t an t i a l m i n o r i t y o f m e n w h o prefe r s e x u a l 

re la t ions w i t h thei r o w n sex r a the r t h a n w i t h the o p p o s i t e sex cons t i tu tes a 

p r o b l e m for a n y s i m p l e D a r w i n i a n theo ry . T h e r a t h e r d i s cu r s ive t i t le o f a 

p r iva t e ly c i r c u l a t e d h o m o s e x u a l i s t p a m p h l e t , w h i c h the a u t h o r w a s k i n d 

e n o u g h t o send m e , s u m m a r i z e s the p r o b l e m : ' W h y a re the re " g a y s " a t a l l ? 

W h y hasn ' t e v o l u t i o n e l i m i n a t e d " g a y n e s s " m i l l i o n s o f y e a r s a g o ? ' T h e 

au thor , i n c i d e n t a l l y , th inks the p r o b l e m so i m p o r t a n t t ha t i t se r ious ly 

u n d e r m i n e s the w h o l e D a r w i n i a n v i e w o f life. T r i v e r s ( 1 9 7 4 ) , W i l s o n ( 1 9 7 5 , 

1978) , a n d e spec i a l l y W e i n r i c h ( 1 9 7 6 ) h a v e c o n s i d e r e d v a r i o u s ve r s ions o f 

the poss ib i l i ty tha t h o m o s e x u a l s m a y , a t s o m e t ime in h i s to ry , h a v e b e e n 

func t iona l ly e q u i v a l e n t t o s ter i le w o r k e r s , f o r e g o i n g p e r s o n a l r e p r o d u c t i o n 

the be t te r to c a r e for o t h e r r e l a t ives . I do no t f ind this i d e a p a r t i c u l a r l y 

p laus ib le ( R i d l e y & D a w k i n s in press) , c e r t a i n l y no m o r e so t h a n a ' s n e a k y 

m a l e ' hypo thes i s . A c c o r d i n g t o this la t te r i dea , h o m o s e x u a l i t y r epresen t s a n 

' a l t e rna t ive m a l e t a c t i c ' for o b t a i n i n g m a t i n g s w i t h f ema le s . In a soc i e ty w i t h 

h a r e m de fence by d o m i n a n t m a l e s , a m a l e w h o i s k n o w n to be h o m o s e x u a l i s 

m o r e l ike ly to be t o l e r a t ed by a d o m i n a n t m a l e t h a n a k n o w n h e t e r o s e x u a l 

m a l e , a n d a n o t h e r w i s e s u b o r d i n a t e m a l e m a y b e a b l e , b y v i r t u e o f this , t o 

o b t a i n c l andes t i ne c o p u l a t i o n s w i t h f ema les . 

But I raise the ' s n e a k y m a l e ' h y p o t h e s i s no t as a p l a u s i b l e poss ib i l i ty so 

m u c h a s a w a y o f d r a m a t i z i n g h o w easy a n d i n c o n c l u s i v e i t i s t o d r e a m up 
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e x p l a n a t i o n s o f this k i n d ( L e w o n t i n , 1 9 7 9 , used the s a m e d i d a c t i c t r ick in 

d i scuss ing a p p a r e n t h o m o s e x u a l i t y in Drosophila). T h e m a i n po in t I wish to 

m a k e i s q u i t e di f ferent a n d m u c h m o r e i m p o r t a n t . I t i s a g a i n the po in t a b o u t 

h o w w e c h a r a c t e r i z e the p h e n o t y p i c fea ture t ha t w e a re t r y i n g t o e x p l a i n . 

H o m o s e x u a l i t y is, of cou r se , a p r o b l e m for D a r w i n i a n s o n l y i f there is a 

g e n e t i c c o m p o n e n t t o the d i f fe rence b e t w e e n h o m o s e x u a l a n d he t e rosexua l 

i n d i v i d u a l s . W h i l e the e v i d e n c e i s con t rove r s i a l ( W e i n r i c h 1 9 7 6 ) , let u s 

a s s u m e for the s a k e o f a r g u m e n t tha t this i s the case . N o w the ques t ion arises, 

w h a t does i t mean to s a y the re is a g e n e t i c c o m p o n e n t to the dif ference, in 

c o m m o n p a r l a n c e tha t the re is a g e n e (or genes ) ' for ' h o m o s e x u a l i t y ? I t is a 

f u n d a m e n t a l t ru i sm, o f l o g i c m o r e t han o f g e n e t i c s , tha t the p h e n o t y p i c 

'ef fect ' o f a g e n e i s a c o n c e p t tha t has m e a n i n g o n l y i f the c o n t e x t of 

e n v i r o n m e n t a l i n f luences i s speci f ied , e n v i r o n m e n t b e i n g unde r s tood to 

i n c l u d e a l l the o t h e r g e n e s in the g e n o m e . A g e n e ' for ' A in e n v i r o n m e n t X 

m a y w e l l tu rn o u t to be a g e n e for B in e n v i r o n m e n t Y. I t i s s imply 

m e a n i n g l e s s to s p e a k of an a b s o l u t e , con tex t - f ree , p h e n o t y p i c effect o f a g i v e n 

g e n e . 

E v e n i f the re a r e g e n e s w h i c h , i n t o d a y ' s e n v i r o n m e n t , p r o d u c e a 

h o m o s e x u a l p h e n o t y p e , this d o e s no t m e a n tha t i n a n o t h e r e n v i r o n m e n t , say 

tha t o f o u r P l e i s t o c e n e ances to r s , t hey w o u l d h a v e h a d the s a m e p h e n o t y p i c 

effect . A g e n e for h o m o s e x u a l i t y in o u r m o d e r n e n v i r o n m e n t m i g h t h a v e 

b e e n a g e n e for s o m e t h i n g u t t e r ly different in the P l e i s tocene . S o , we h a v e 

the poss ib i l i ty o f a spec i a l k i n d of ' t i m e - l a g effect ' he re . I t m a y be tha t the 

p h e n o t y p e w h i c h w e a r e t r y i n g t o e x p l a i n d id not e v e n exist i n s o m e ear l ie r 

e n v i r o n m e n t , e v e n t h o u g h the g e n e d i d then exis t . T h e o r d i n a r y t i m e - l a g 

effect w h i c h w e d i scussed a t the b e g i n n i n g o f this sec t ion w a s c o n c e r n e d w i t h 

c h a n g e s i n the e n v i r o n m e n t a s man i fes ted i n c h a n g e d se lec t ion pressures. We 

h a v e n o w a d d e d the m o r e sub t l e po in t tha t c h a n g e s i n the e n v i r o n m e n t m a y 

c h a n g e the v e r y n a t u r e o f the p h e n o t y p i c c h a r a c t e r w e set o u t t o e x p l a i n . 

Historical constraints 
T h e j e t e n g i n e s u p e r s e d e d the p r o p e l l e r e n g i n e b e c a u s e , for mos t purposes , i t 

w a s supe r io r . T h e des igne r s o f the first j e t e n g i n e s ta r ted w i t h a c l e a n 

d r a w i n g b o a r d . I m a g i n e w h a t they w o u l d h a v e p r o d u c e d i f they h a d been 

c o n s t r a i n e d t o ' e v o l v e ' the f i r s t j e t e n g i n e f rom an ex i s t ing p r o p e l l e r eng ine , 

c h a n g i n g o n e c o m p o n e n t a t a t ime , nu t by nu t , s c r ew by sc rew, r ive t by 

r ive t . A j e t e n g i n e so a s s e m b l e d w o u l d be a w e i r d c o n t r a p t i o n i n d e e d . I t i s 

h a r d t o i m a g i n e tha t a n a e r o p l a n e d e s i g n e d i n tha t e v o l u t i o n a r y w a y w o u l d 

e v e r g e t off the g r o u n d . Y e t i n o r d e r t o c o m p l e t e the b i o l o g i c a l a n a l o g y w e 

h a v e to a d d y e t a n o t h e r cons t r a in t . N o t o n l y mus t the end p r o d u c t get off the 

g r o u n d ; s o m u s t e v e r y i n t e r m e d i a t e a l o n g the w a y , a n d e a c h i n t e r m e d i a t e 

m u s t be supe r io r to its p r edeces so r . W h e n l o o k e d a t in this l igh t , far from 
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e x p e c t i n g a n i m a l s t o b e per fec t w e m a y w o n d e r tha t a n y t h i n g a b o u t t h e m 

works a t a l l . 

E x a m p l e s o f the H e a t h R o b i n s o n (or R u b e G o l d b e r g — G o u l d 1978) 

c h a r a c t e r o f a n i m a l s a re h a r d e r t o b e con f iden t o f t h a n the p r e v i o u s 

p a r a g r a p h m i g h t l ead us to e x p e c t . A f avour i t e e x a m p l e , s u g g e s t e d to me by 

Professor J . D . C u r r e y , i s the r e c u r r e n t l a r y n g e a l n e r v e . T h e shor tes t d i s t a n c e 

from the b r a i n to the l a r y n x in a m a m m a l , e s p e c i a l l y a gi raffe , is 

e m p h a t i c a l l y no t v i a the pos te r io r s ide o f the ao r t a , y e t t ha t i s the r o u t e t a k e n 

by the r e c u r r e n t l a r y n g e a l . P r e s u m a b l y the re o n c e w a s a t i m e in the r e m o t e 

ances t ry o f the m a m m a l s w h e n the s t ra igh t l ine f rom o r ig in t o e n d o r g a n o f 

the n e r v e d id run pos te r io r t o the a o r t a . W h e n , i n d u e c o u r s e , the n e c k 

b e g a n to l e n g t h e n , the n e r v e l e n g t h e n e d its d e t o u r pos t e r io r to the a o r t a , b u t 

the m a r g i n a l cost o f e a c h s tep i n the l e n g t h e n i n g o f the d e t o u r w a s n o t g r e a t . 

A ma jo r m u t a t i o n m i g h t h a v e r e - rou t ed the n e r v e c o m p l e t e l y , b u t o n l y a t a 

cost o f g r e a t u p h e a v a l in e a r l y e m b r y o n i c processes . P e r h a p s a p r o p h e t i c , 

G o d - l i k e de s igne r b a c k i n the D e v o n i a n c o u l d h a v e foreseen the giraffe a n d 

des igned the o r i g i n a l e m b r y o n i c r o u t i n g o f the n e r v e d i f fe ren t ly , b u t n a t u r a l 

se lect ion has n o fores ight . A s S y d n e y B r e n n e r has r e m a r k e d , n a t u r a l 

se lec t ion c o u l d no t be e x p e c t e d to h a v e f a v o u r e d s o m e useless m u t a t i o n in 

the C a m b r i a n s i m p l y b e c a u s e ' i t m i g h t c o m e i n h a n d y i n the C r e t a c e o u s ' . 

T h e P icasso- l ike face of a flatfish such as a sole , g r o t e s q u e l y tw i s t ed to 

b r i n g b o t h eyes r o u n d to the s a m e side o f the h e a d , i s a n o t h e r s t r ik ing 

d e m o n s t r a t i o n o f a h i s to r ica l cons t r a in t o n pe r f ec t i on . T h e e v o l u t i o n a r y 

his tory of these fish i s so c l e a r l y w r i t t e n in to the i r a n a t o m y , t h a t the e x a m p l e 

i s a g o o d o n e to thrust d o w n the throa ts o f r e l ig ious f u n d a m e n t a l i s t s . M u c h 

the s a m e c o u l d be said o f the c u r i o u s fact tha t the r e t i na o f the v e r t e b r a t e e y e 

appea r s t o b e ins ta l led b a c k w a r d s . T h e l igh t - sens i t ive ' p h o t o c e l l s ' a re a t the 

b a c k o f the re t ina , a n d l igh t has to pass t h r o u g h the c o n n e c t i n g c i r c u i t r y , 

w i t h s o m e i n e v i t a b l e a t t e n u a t i o n , before i t r e a c h e s t h e m . P r e s u m a b l y i t 

w o u l d b e poss ib le t o w r i t e d o w n a v e r y l o n g s e q u e n c e o f m u t a t i o n s w h i c h 

w o u l d e v e n t u a l l y l ead t o the p r o d u c t i o n o f a n e y e w h o s e r e t i na w a s ' t he r i g h t 

w a y r o u n d ' as i t i s in c e p h a l o p o d s , a n d this m i g h t b e , in the e n d , s l i gh t ly 

more efficient. B u t the cost i n e m b r y o l o g i c a l u p h e a v a l w o u l d be so g r e a t t ha t 

the i n t e r m e d i a t e s tages w o u l d be h e a v i l y d i s f a v o u r e d by n a t u r a l s e l ec t i on i n 

c o m p a r i s o n w i t h the r i va l , p a t c h e d - u p j o b w h i c h does , af ter a l l , w o r k p r e t t y 

w e l l . P i t t e n d r i g h (1958) has w e l l sa id o f a d a p t i v e o r g a n i z a t i o n tha t i t i s ' a 

p a t c h w o r k o f makeshi f t s p i e c e d t oge the r , a s i t w e r e , f rom w h a t w a s a v a i l a b l e 

w h e n o p p o r t u n i t y k n o c k e d , a n d a c c e p t e d i n the h i n d s i g h t , no t the fores ight , 

o f n a t u r a l s e l ec t ion ' (see also J a c o b , 1 9 7 7 , on ' t i n k e r i n g ' ) . 

S e w a l l W r i g h t ' s ( 1 9 3 2 ) m e t a p h o r , w h i c h has b e c o m e k n o w n u n d e r the 

n a m e o f the ' a d a p t i v e l a n d s c a p e ' , c o n v e y s the s a m e i d e a tha t s e l ec t i on i n 

favour o f l o c a l o p t i m a p r e v e n t s e v o l u t i o n i n the d i r e c t i o n o f u l t i m a t e l y 
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super io r , m o r e g l o b a l o p t i m a . H i s s o m e w h a t m i s u n d e r s t o o d ( W r i g h t 1980) 

e m p h a s i s on the ro le o f g e n e t i c drift in a l l o w i n g l i neages to e s c a p e from the 

pu l l o f l o c a l o p t i m a , a n d t h e r e b y a t t a in a c loser a p p r o x i m a t i o n to w h a t a 

h u m a n m i g h t r e c o g n i z e a s ' t h e ' o p t i m a l so lu t ion , cont ras t s in te res t ing ly w i t h 

L e w o n t i n ' s ( 1 9 7 9 ) i n v o k i n g o f drift a s a n ' a l t e r n a t i v e t o a d a p t a t i o n ' . A s i n 

the case o f p l e i o t r o p y , the re i s no p a r a d o x he re . L e w o n t i n i s r igh t tha t ' the 

f ini teness o f rea l p o p u l a t i o n s results in r a n d o m c h a n g e s in g e n e f r equency so 

tha t , w i t h a c e r t a i n p r o b a b i l i t y , g e n e t i c c o m b i n a t i o n s w i t h l o w e r r e p r o d u c 

t ive fitness w i l l be f ixed in a p o p u l a t i o n ' . B u t on the o the r h a n d i t i s also t rue 

tha t , to the e x t e n t t ha t l o c a l o p t i m a cons t i tu t e a l i m i t a t i o n on the a t t a i n m e n t 

o f de s ign p e r f e c t i o n , drift w i l l t end t o p r o v i d e a n e s c a p e ( L a n d e 1 9 7 6 ) . 

I r o n i c a l l y , t hen , a weakness in n a t u r a l se l ec t ion c a n t h e o r e t i c a l l y enhance the 

l i k e l i h o o d of a l i n e a g e a t t a i n i n g o p t i m a l d e s i g n ! B e c a u s e i t has no foresight , 

u n a l l o y e d n a t u r a l se l ec t ion is in a sense an an t i -per fec t ion m e c h a n i s m , 

h u g g i n g , as i t w i l l , the tops o f the l o w foot-hi l ls o f W r i g h t ' s l a n d s c a p e . A 

m i x t u r e o f s t r o n g s e l ec t i on in te rspersed w i t h pe r iods o f r e l a x a t i o n o f se lec t ion 

a n d drift m a y be the f o r m u l a for c ross ing the v a l l e y s to the h i g h u p l a n d s . 

C l e a r l y i f ' a d a p t a t i o n i s m ' i s t o b e c o m e an issue w h e r e d e b a t i n g poin ts a re 

s c o r e d , t he re i s s c o p e for b o t h sides to h a v e i t b o t h w a y s ! 

M y o w n fee l ing i s tha t s o m e w h e r e he re m a y l ie the so lu t ion t o the rea l 

p a r a d o x o f this sec t ion o n h i s to r i ca l cons t ra in t s . T h e j e t e n g i n e a n a l o g y 

s u g g e s t e d tha t a n i m a l s o u g h t t o be r is ible monst ros i t ies o f l a s h e d - u p 

i m p r o v i s a t i o n , t o p - h e a v y w i t h g r o t e s q u e rel ics o f p a t c h e d - o v e r an t i qu i t y . 

H o w c a n w e r e c o n c i l e this r e a s o n a b l e e x p e c t a t i o n w i t h the f o r m i d a b l e g r a c e 

o f the h u n t i n g c h e e t a h , the a e r o d y n a m i c b e a u t y o f the swift , the s c rupu lous 

a t t e n t i o n t o d e c e p t i v e d e t a i l o f the l e a f i n sec t ? E v e n m o r e impress ive i s the 

d e t a i l e d a g r e e m e n t b e t w e e n different c o n v e r g e n t so lu t ions t o c o m m o n 

p r o b l e m s , for i n s t a n c e the m u l t i p l e pa ra l l e l s tha t exist b e t w e e n the m a m m a l 

r a d i a t i o n s o f A u s t r a l i a , S o u t h A m e r i c a a n d the O l d W o r l d . C a i n (1964) 

r e m a r k s tha t , ' U p t o n o w i t has u s u a l l y b e e n a s s u m e d , b y D a r w i n a n d 

o thers , t h a t c o n v e r g e n c e w i l l n e v e r be so g o o d as to m i s l e a d us ' bu t he goes 

o n t o g i v e e x a m p l e s w h e r e c o m p e t e n t t a x o n o m i s t s h a v e b e e n fooled . M o r e 

a n d m o r e g r o u p s w h i c h h a d h i t he r t o b e e n r e g a r d e d a s d e c e n t l y m o n o p h y -

le t ic , a re n o w b e i n g su spec t ed o f p o l y p h y l e t i c o r ig in . 

T h e c i t a t i o n o f e x a m p l e a n d c o u n t e r - e x a m p l e i s m e r e id le f a c t - d r o p p i n g . 

W h a t w e n e e d i s c o n s t r u c t i v e w o r k o n the r e l a t ion b e t w e e n l o c a l a n d g l o b a l 

o p t i m a i n a n e v o l u t i o n a r y c o n t e x t . O u r u n d e r s t a n d i n g o f n a t u r a l se lec t ion 

i t se l f needs to be s u p p l e m e n t e d by a s tudy of ' e scapes f rom s p e c i a l i z a t i o n ' to 

use H a r d y ' s ( 1 9 5 4 ) p h r a s e . H a r d y h i m s e l f w a s s u g g e s t i n g n e o t e n y a s a n 

e s c a p e f rom s p e c i a l i z a t i o n , w h i l e in this c h a p t e r , f o l l o w i n g W r i g h t , I h a v e 

e m p h a s i z e d drif t in this ro le . 

M u l l e r i a n m i m i c r y in but ter f l ies m a y p r o v e to be a useful case - s tudy here . 

T u r n e r ( 1 9 7 7 ) r e m a r k s tha t ' a m o n g the l o n g - w i n g e d but terf l ies o f the 
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t r op i ca l A m e r i c a n ra infores ts ( i t h o m i i d s , h e l i c o n i d s , d a n a i d s , p i e r i d s , 

per icop ids ) the re a re six d i s t inc t w a r n i n g pa t t e rn s , a n d a l t h o u g h al l the 

w a r n i n g l y c o l o r e d spec ies b e l o n g t o o n e o f these m i m i c r y " r i n g s " the r ings 

themselves coex i s t i n the s a m e h a b i t a t s t h r o u g h mos t o f the A m e r i c a n t rop ics 

and r e m a i n v e r y d i s t inc t . . . . O n c e the d i f fe rence b e t w e e n t w o p a t t e r n s i s too 

g rea t t o be j u m p e d by a s ingle m u t a t i o n , c o n v e r g e n c e b e c o m e s v i r t u a l l y 

imposs ib le , a n d the m i m i c r y r ings w i l l coex i s t i nde f in i t e ly . ' T h i s i s o n e o f the 

on ly cases w h e r e ' h i s to r i ca l cons t r a in t s ' m a y be c lose t o b e i n g u n d e r s t o o d i n 

full gene t i c d e t a i l . I t m a y p r o v i d e a w o r t h w h i l e o p p o r t u n i t y a l so for the 

s tudy o f the g e n e t i c de ta i l s o f ' v a l l e y - c r o s s i n g ' , w h i c h i n the p r e sen t case 

w o u l d consist in the d e t a c h m e n t o f a t y p e o f bu t t e r f ly f rom the o r b i t o f o n e 

m i m i c r y r ing , a n d its e v e n t u a l ' c a p t u r e ' b y the ' p u l l ' o f a n o t h e r m i m i c r y 

r ing . T h o u g h he does no t i n v o k e drift a s an e x p l a n a t i o n in this case , T u r n e r 

t an t a l i z ing ly ind ica t e s t ha t ' I n s o u t h e r n E u r o p e Amata phegea . . . has . . . 

c a p t u r e d Zygenea ephialtes f rom the M u l l e r i a n m i m i c r y r i n g of z y g a e n i d s , 

h o m o p t e r a n s , e t c . to w h i c h i t still b e l o n g s ou t s ide the r a n g e of A. phegea in 

nor the rn E u r o p e . . . ' 

A t a m o r e g e n e r a l t h e o r e t i c a l l eve l , L e w o n t i n ( 1 9 7 8 b ) no tes t h a t ' t he re 

m a y often b e s eve ra l a l t e r n a t i v e s tab le e q u i l i b r i u m s o f g e n e t i c c o m p o s i t i o n 

e v e n w h e n the force o f n a t u r a l se lec t ion r e m a i n s the s a m e . W h i c h o f these 

a d a p t i v e peaks in the s p a c e of g e n e t i c c o m p o s i t i o n i s e v e n t u a l l y r e a c h e d by a 

p o p u l a t i o n d e p e n d s en t i r e ly o n c h a n c e even t s a t the b e g i n n i n g o f the 

se lec t ive process . . . F o r e x a m p l e , the I n d i a n r h i n o c e r o s has o n e h o r n a n d 

the A f r i c a n r h i n o c e r o s has t w o . H o r n s a re a n a d a p t a t i o n for p r o t e c t i o n 

agains t p r eda to r s b u t i t i s no t t rue tha t o n e h o r n i s spec i f i ca l l y a d a p t i v e 

unde r I n d i a n c o n d i t i o n s a s o p p o s e d to t w o horns on the A f r i c a n p l a ins . 

B e g i n n i n g w i t h t w o s o m e w h a t different d e v e l o p m e n t a l sys t ems , the t w o 

species r e s p o n d e d to the s a m e se lec t ive forces i n s l i gh t ly dif ferent w a y s . ' T h e 

point i s b a s i c a l l y a g o o d o n e , a l t h o u g h i t i s w o r t h a d d i n g tha t L e w o n t i n ' s 

uncha rac t e r i s t i c a l l y ' a d a p t a t i o n i s t ' b l u n d e r a b o u t the f u n c t i o n a l s i g n i f i c a n c e 

of rh inoceros horns i s not t r iv ia l . I f ho rns r ea l l y were an a d a p t a t i o n a g a i n s t 

predators i t w o u l d i n d e e d be h a r d to i m a g i n e h o w a s ing le h o r n c o u l d be 

more useful aga ins t A s i a n p r eda to r s w h i l e t w o ho rns w e r e o f m o r e h e l p 

agains t A f r i c a n p r e d a t o r s . H o w e v e r if, a s seems m u c h m o r e l i ke ly , r h i n o c e r o s 

horns are an a d a p t a t i o n for in t raspec i f ic c o m b a t a n d i n t i m i d a t i o n , i t c o u l d 

wel l be the case tha t a o n e - h o r n e d r h i n o w o u l d be a t a d i s a d v a n t a g e in o n e 

cont inent w h i l e a t w o - h o r n e d rh ino w o u l d suffer in the o t h e r . W h e n e v e r the 

n a m e of the g a m e i s i n t i m i d a t i o n (or s e x u a l a t t r a c t i o n as F i s h e r t a u g h t us 

long a g o ) , m e r e c o n f o r m i t y t o the m a j o r i t y s ty le , w h a t e v e r t ha t m a j o r i t y 

style m a y h a p p e n t o be , c a n h a v e a d v a n t a g e s . T h e de ta i l s o f a t h rea t d i s p l a y 

and its a s soc ia ted o r g a n s m a y b e a r b i t r a r y , b u t w o e b e t i d e a n y m u t a n t 

i nd iv idua l tha t d e p a r t s f rom es tab l i shed c u s t o m ( M a y n a r d S m i t h & P a r k e r 

I976) . 
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Available genetic variation 
N o m a t t e r h o w s t rong a p o t e n t i a l se l ec t ion pressure m a y be , n o e v o l u t i o n 

w i l l resul t unless t he re i s g e n e t i c v a r i a t i o n for i t to w o r k on . ' T h u s , a l t h o u g h 

I m i g h t a r g u e t h a t the possession o f w i n g s in a d d i t i o n to a r m s a n d legs m i g h t 

be a d v a n t a g e o u s to s o m e v e r t e b r a t e s , n o n e has e v e r e v o l v e d a th i rd pa i r o f 

a p p e n d a g e s , p r e s u m a b l y b e c a u s e the g e n e t i c v a r i a t i o n has n e v e r b e e n 

a v a i l a b l e ' ( L e w o n t i n 1 9 7 9 ) . O n e c o u l d r e a s o n a b l y dissent f rom this op in ion . 

I t m a y be tha t the o n l y r ea son p igs h a v e no w i n g s i s tha t se lec t ion has n e v e r 

f a v o u r e d the i r e v o l u t i o n . C e r t a i n l y w e mus t b e care fu l before w e assume, o n 

h u m a n - c e n t r e d c o m m o n - s e n s e g r o u n d s , tha t i t w o u l d o b v i o u s l y be h a n d y for 

a n y a n i m a l to h a v e a p a i r o f w i n g s e v e n i f i t d i d n ' t use t h e m v e r y often, a n d 

tha t therefore the a b s e n c e o f w i n g s in a g i v e n l i n e a g e mus t be d u e to l a c k o f 

a v a i l a b l e m u t a t i o n s . F e m a l e ants c a n sp rou t w i n g s i f they h a p p e n t o b e 

n u r t u r e d a s q u e e n s , b u t i f n u r t u r e d a s w o r k e r s t hey do no t express the i r 

c a p a c i t y t o d o so. M o r e s t r i k ing ly , the q u e e n s i n m a n y spec ies use thei r w i n g s 

o n l y o n c e , for the i r n u p t i a l f l i gh t , a n d then t ake the dras t ic s tep o f b i t i ng o r 

b r e a k i n g t h e m off a t the roots in p r e p a r a t i o n for the rest o f the i r life 

u n d e r g r o u n d . E v i d e n t l y w i n g s h a v e costs a s w e l l a s benefi ts . 

O n e o f the mos t i m p r e s s i v e d e m o n s t r a t i o n s o f the sub t l e ty o f C h a r l e s 

D a r w i n ' s m i n d i s g i v e n by his d iscuss ion o f winglessness a n d the costs o f 

h a v i n g w i n g s i n the insects o f o c e a n i c i s lands . F o r p resen t purposes , the 

r e l e v a n t p o i n t i s t ha t w i n g e d insects m a y risk b e i n g b l o w n o u t t o sea, a n d 

D a r w i n ( 1 8 5 9 , p . 1 7 7 ) s u g g e s t e d tha t this i s w h y m a n y i s land insects h a v e 

r e d u c e d w i n g s . B u t he a lso n o t e d tha t s o m e i s land insects a re far from 

w i n g l e s s ; t h e y h a v e e x t r a l a r g e w i n g s . 

T h i s i s q u i t e c o m p a t i b l e w i t h the a c t i o n o f n a t u r a l se lec t ion . F o r 

w h e n a n e w insec t f i r s t a r r i v e d on the i s land , the t e n d e n c y o f na tu ra l 

s e l ec t i on t o e n l a r g e o r t o r e d u c e the w i n g s , w o u l d d e p e n d o n w h e t h e r 

a g r e a t e r n u m b e r o f i n d i v i d u a l s w e r e s a v e d by successful ly ba t t l i ng 

w i t h the w i n d s , o r b y g i v i n g u p the a t t e m p t a n d r a r e ly o r n e v e r 

f ly ing . As w i t h m a r i n e r s s h i p - w r e c k e d n e a r a coas t , i t w o u l d h a v e 

b e e n b e t t e r for the g o o d s w i m m e r s i f t h e y h a d b e e n a b l e t o s w i m still 

fur ther , w h e r e a s i t w o u l d h a v e b e e n be t t e r for the b a d s w i m m e r s i f 

t h e y h a d no t b e e n a b l e t o s w i m a t a l l a n d h a d s tuck to the w r e c k . 

A n e a t e r p i e c e o f e v o l u t i o n a r y r e a s o n i n g w o u l d be h a r d to f i nd , a l t h o u g h one 

c a n a l m o s t h e a r the b a y i n g c h o r u s o f ' U n f a l s i f i a b l e ! T a u t o l o g i c a l ! Jus t -so 

s t o ry ! ' 

R e t u r n i n g t o the q u e s t i o n o f w h e t h e r p igs e v e r c o u l d d e v e l o p w i n g s , 

L e w o n t i n i s u n d o u b t e d l y r i gh t t ha t b io log is t s in te res ted in a d a p t a t i o n c a n n o t 

afford to i g n o r e the q u e s t i o n o f the a v a i l a b i l i t y o f m u t a t i o n a l v a r i a t i o n . I t i s 

c e r t a i n l y t rue t h a t m a n y o f us, w i t h M a y n a r d S m i t h ( 1 9 7 8 a ) t h o u g h w i t h o u t 
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his a n d L e w o n t i n ' s a u t h o r i t a t i v e k n o w l e d g e o f g e n e t i c s , t e n d t o a s s u m e ' t ha t 

gene t i c v a r i a n c e o f a n a p p r o p r i a t e k ind w i l l u s u a l l y ex i s t ' . M a y n a r d S m i t h ' s 

g r o u n d s are t ha t ' w i t h ra re e x c e p t i o n s , a r t i f ic ia l s e l ec t ion has a l w a y s p r o v e d 

effect ive, w h a t e v e r the o r g a n i s m or the se lec ted c h a r a c t e r ' . A n o t o r i o u s case , 

fully c o n c e d e d b y M a y n a r d S m i t h ( 1 9 7 8 b ) , w h e r e the g e n e t i c v a r i a t i o n 

necessary to an o p t i m a l i t y t h e o r y of ten seems to be l a c k i n g , i s t ha t o f F i she r ' s 

(1930a) sex r a t io t heo ry . C a t t l e b reede r s h a v e h a d no t r o u b l e i n b r e e d i n g for 

h igh mi lk y i e l d , h i g h b e e f p r o d u c t i o n , l a r g e s ize , sma l l s ize , horn lessness , 

resis tance to v a r i o u s diseases , a n d f i e rceness in f igh t ing bu l l s . I t w o u l d 

o b v i o u s l y be o f i m m e n s e benef i t t o the d a i r y i ndus t ry i f c a t t l e c o u l d be b r e d 

w i t h a b ias t o w a r d s p r o d u c i n g hei fer c a l v e s r a t h e r t h a n b u l l c a l v e s . A l l 

a t t empt s t o do this h a v e s i n g u l a r l y fa i led , a p p a r e n t l y b e c a u s e the neces sa ry 

gene t i c v a r i a t i o n does no t exis t . I t m a y b e the m e a s u r e o f h o w m i s l e d i s m y 

o w n b i o l o g i c a l i n tu i t i on tha t I f ind this fac t r a t h e r a s t o n i s h i n g , i n d e e d 

w o r r y i n g . I w o u l d l ike to t h ink tha t i t i s an e x c e p t i o n a l case , b u t L e w o n t i n is 

ce r t a in ly r igh t tha t w e need t o p a y m o r e a t t e n t i o n t o the p r o b l e m o f the 

l imi ta t ions o f a v a i l a b l e g e n e t i c v a r i a t i o n . F r o m this p o i n t o f v i e w , a 

c o m p i l a t i o n o f the a m e n a b i l i t y o r res i s tance to ar t i f ic ia l s e l ec t i on o f a w i d e 

v a r i e t y o f c h a r a c t e r s w o u l d b e o f g r e a t in teres t . 

M e a n w h i l e , there a re c e r t a i n c o m m o n - s e n s e th ings tha t c a n b e sa id . 

Firs t ly , i t m a y m a k e sense t o i n v o k e l a c k o f a v a i l a b l e m u t a t i o n t o e x p l a i n 

w h y a n i m a l s d o no t h a v e s o m e a d a p t a t i o n w h i c h w e th ink r e a s o n a b l e , b u t i t 

i s h a r d e r t o a p p l y the a r g u m e n t the o t h e r w a y r o u n d . F o r i n s t a n c e , w e m i g h t 

indeed th ink tha t p igs w o u l d be be t t e r off w i t h w i n g s a n d sugges t t ha t t hey 

l a c k t h e m o n l y b e c a u s e the i r ances to rs n e v e r p r o d u c e d the neces sa ry 

mu ta t i ons . B u t i f we see an a n i m a l w i t h a c o m p l e x o r g a n , o r a c o m p l e x a n d 

t i m e - c o n s u m i n g b e h a v i o u r p a t t e r n , w e w o u l d s e e m t o b e o n s t r o n g g r o u n d s 

i n gues s ing tha t i t m u s t h a v e b e e n p u t t o g e t h e r by n a t u r a l s e l e c t i o n . H a b i t s 

such as d a n c i n g in bees as a l r e a d y d iscussed , ' a n t i n g ' in b i rds , ' r o c k i n g ' in 

stick insects , a n d egg - she l l r e m o v a l in gu l l s a re p o s i t i v e l y t i m e - c o n s u m i n g , 

e n e r g y - c o n s u m i n g a n d c o m p l e x . T h e w o r k i n g h y p o t h e s i s t h a t t h e y m u s t 

h a v e a D a r w i n i a n s u r v i v a l v a l u e is o v e r w h e l m i n g l y s t rong . In a few cases i t 

has p r o v e d poss ib le to f ind ou t w h a t tha t s u r v i v a l v a l u e i s ( T i n b e r g e n 1 9 6 3 ) . 

T h e s econd c o m m o n - s e n s e p o i n t i s tha t the h y p o t h e s i s o f ' n o a v a i l a b l e 

m u t a t i o n s ' loses s o m e of its force i f a r e l a t ed spec ies , or the s a m e spec ies in 

o the r con tex t s , has s h o w n i tself c a p a b l e o f p r o d u c i n g the n e c e s s a r y v a r i a t i o n . 

I shal l m e n t i o n b e l o w a case w h e r e the k n o w n c a p a b i l i t i e s o f the d i g g e r w a s p 

Ammophila campestris w e r e used to i l l u m i n a t e the l a c k of s imi l a r c a p a b i l i t i e s in 

the re la ted spec ies Sphex ichneumoneus. A m o r e sub t l e v e r s i o n of the s a m e 

a r g u m e n t c a n b e a p p l i e d w i t h i n a n y o n e spec ies . F o r i n s t a n c e , M a y n a r d 

S m i t h ( 1 9 7 7 , see a lso D a l y 1979) c o n c l u d e s a p a p e r w i t h an u p - b e a t 

q u e s t i o n : W h y d o m a l e m a m m a l s no t l a c t a t e ? W e n e e d n o t g o in to the 

deta i l s o f w h y h e t h o u g h t t hey o u g h t t o ; h e m a y h a v e b e e n w r o n g , his m o d e l 
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m a y h a v e b e e n w r o n g l y set u p , a n d the rea l a n s w e r t o his ques t i on m a y b e 

tha t i t w o u l d no t p a y m a l e m a m m a l s to l a c t a t e . T h e po in t he re i s tha t this i s 

a s l i gh t ly d i f ferent k ind o f q u e s t i o n from ' W h y d o n ' t p igs h a v e w i n g s ? ' . W e 

k n o w tha t m a l e m a m m a l s c o n t a i n the g e n e s necessa ry for l a c t a t i o n , b e c a u s e 

al l the g e n e s in a f e m a l e m a m m a l h a v e passed t h r o u g h m a l e ances to rs a n d 

m a y b e h a n d e d o n t o m a l e d e s c e n d a n t s . G e n e t i c m a l e m a m m a l s t rea ted w i t h 

h o r m o n e s , i n d e e d , c a n d e v e l o p a s l a c t a t i n g females . T h i s a l l m a k e s i t less 

p l a u s i b l e t h a t the r ea son m a l e m a m m a l s d o n ' t l a c t a t e i s s i m p l y tha t they 

h a v e n ' t ' t h o u g h t of i t ' m u t a t i o n a l l y s p e a k i n g . ( I n d e e d , I be t I c o u l d b reed a 

r a c e o f s p o n t a n e o u s l y l a c t a t i n g m a l e s by s e l ec t i ng for i nc r ea sed sens i t iv i ty t o 

p r o g r e s s i v e l y r e d u c e d d o s a g e s o f in jec ted h o r m o n e , a n in te res t ing p r a c t i c a l 

a p p l i c a t i o n o f the B a l d w i n / W a d d i n g t o n Effect . ) 

T h e th i rd c o m m o n - s e n s e po in t i s t ha t i f the v a r i a t i o n tha t i s b e i n g 

p o s t u l a t e d consis ts in a s i m p l e q u a n t i t a t i v e e x t e n s i o n of a l r e a d y ex i s t ing 

v a r i a t i o n i t i s m o r e p l a u s i b l e t h a n a r a d i c a l q u a l i t a t i v e i n n o v a t i o n . I t m a y be 

i m p l a u s i b l e to p o s t u l a t e a m u t a n t p i g w i t h w i n g r u d i m e n t s , b u t i t i s not 

i m p l a u s i b l e to p o s t u l a t e a m u t a n t p i g w i t h a cu r l i e r tai l t han ex i s t ing p igs . I 

h a v e e l a b o r a t e d this p o i n t e l s e w h e r e ( D a w k i n s 1980) . 

In a n y case , we n e e d a m o r e sub t l e a p p r o a c h to the q u e s t i o n o f w h a t i s the 

e v o l u t i o n a r y i m p a c t o f d i f fe r ing d e g r e e s o f m u t a b i l i t y . I t i s not g o o d e n o u g h 

to ask, in an al l o r n o n e w a y , w h e t h e r the re i s o r i s no t g e n e t i c v a r i a t i o n 

a v a i l a b l e to r e s p o n d to a g i v e n se l ec t ion pressure . As L e w o n t i n (1979) 

r i g h t l y says , ' N o t o n l y i s the q u a l i t a t i v e poss ib i l i ty o f a d a p t i v e e v o l u t i o n 

c o n s t r a i n e d b y a v a i l a b l e g e n e t i c v a r i a t i o n , b u t the r e l a t i v e rates o f e v o l u t i o n 

o f di f ferent c h a r a c t e r s a re p r o p o r t i o n a l t o the a m o u n t o f g e n e t i c v a r i a n c e for 

e a c h . ' I t h i n k this o p e n s up an i m p o r t a n t l ine o f t h o u g h t w h e n c o m b i n e d 

w i t h the n o t i o n o f h i s t o r i ca l cons t ra in t s t r ea ted i n the p r e v i o u s sec t ion . T h e 

p o i n t c a n be i l l u s t r a t ed w i t h a fanciful e x a m p l e . 

B i rds f l y w i t h w i n g s m a d e o f fea thers , ba t s w i t h w i n g s cons i s t ing o f f l a p s o f 

sk in . W h y d o t h e y no t b o t h h a v e w i n g s m a d e i n the s a m e w a y , w h i c h e v e r 

w a y i s ' s u p e r i o r ' ? A c o n f i r m e d a d a p t a t i o n i s t m i g h t r e p l y tha t b i rds mus t be 

be t t e r off w i t h fea thers a n d ba t s be t t e r off w i t h skin f l a p s . A n e x t r e m e an t i -

a d a p t a t i o n i s t m i g h t say tha t v e r y p r o b a b l y fea thers w o u l d a c t u a l l y b e be t te r 

t h a n skin-f laps for b o t h b i rds a n d ba ts , bu t ba t s n e v e r h a d the g o o d for tune 

to p r o d u c e the r i g h t m u t a t i o n s . B u t the re i s an i n t e r m e d i a t e pos i t ion , one 

w h i c h I find m o r e p e r s u a s i v e t h a n e i ther e x t r e m e . L e t us c o n c e d e to the 

a d a p t a t i o n i s t tha t , g i v e n e n o u g h t ime , the ances to r s o f ba ts p r o b a b l y cou ld 

h a v e p r o d u c e d the s e q u e n c e o f m u t a t i o n s necessa ry for t h e m t o sprout 

fea thers . T h e o p e r a t i v e p h r a s e i s ' g i v e n e n o u g h t i m e ' . W e a re not m a k i n g a n 

a l l - o r - n o n e d i s t i n c t i o n b e t w e e n imposs ib l e a n d poss ib le m u t a t i o n a l va r i 

a t i o n , b u t s i m p l y s t a t i n g the u n d e n i a b l e fact tha t s o m e m u t a t i o n s a re 

q u a n t i t a t i v e l y m o r e p r o b a b l e t h a n o thers . I n this case , ances t r a l m a m m a l s 
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m i g h t h a v e p r o d u c e d b o t h m u t a n t s w i t h r u d i m e n t a r y fea thers a n d m u t a n t s 

w i th r u d i m e n t a r y skin f l a p s . B u t the p ro to - f ea the r m u t a n t s ( t hey m i g h t h a v e 

had to go t h r o u g h an i n t e r m e d i a t e s t age o f s m a l l sca les) w e r e so s l ow in 

m a k i n g their a p p e a r a n c e i n c o m p a r i s o n w i t h t he sk in- f lap m u t a n t s , t h a t 

skin-f lap w i n g s h a d l o n g a g o a p p e a r e d a n d led t o the e v o l u t i o n o f p a s s a b l y 

efficient w i n g s . 

T h e g e n e r a l po in t i s a k i n t o the o n e a l r e a d y m a d e a b o u t a d a p t i v e 

l andscapes . T h e r e w e w e r e c o n c e r n e d w i t h s e l ec t ion p r e v e n t i n g l i n e a g e s 

from e s c a p i n g the c lu t ches o f l o c a l o p t i m a . H e r e w e h a v e a l i n e a g e f a c e d 

wi th t w o a l t e r n a t i v e routes o f e v o l u t i o n , o n e l e a d i n g to, say , f e a t h e r e d w i n g s , 

the o the r t o sk in- f lap w i n g s . T h e f ea the red d e s i g n m a y b e no t o n l y a g l o b a l 

o p t i m u m bu t the present l o c a l o p t i m u m a s w e l l . T h e l i n e a g e , i n o t h e r w o r d s , 

m a y be s i t t ing e x a c t l y a t the foot o f the s lope l e a d i n g to the f e a t h e r e d p e a k o f 

the S e w a l l W r i g h t l a n d s c a p e . I f o n l y the necessa ry m u t a t i o n s w e r e a v a i l a b l e 

i t w o u l d c l i m b eas i ly up the hi l l . E v e n t u a l l y , a c c o r d i n g to this fanc i fu l 

p a r a b l e , those m u t a t i o n s m i g h t h a v e c o m e , b u t — a n d this i s the i m p o r t a n t 

p o i n t — t h e y w e r e too l a te . Sk in - f l ap m u t a t i o n s h a d c o m e before t h e m , a n d 

the l i neage h a d a l r e a d y c l i m b e d too far up the s lopes o f the sk in- f lap 

a d a p t i v e hil l to tu rn b a c k . As a r ive r takes the l ine of leas t r es i s tance 

d o w n h i l l , t h e r e b y m e a n d e r i n g in a r ou t e t ha t i s far f rom the mos t d i r e c t o n e 

to the sea, so a l i n e a g e w i l l e v o l v e a c c o r d i n g to the effects of s e l ec t i on on the 

v a r i a t i o n a v a i l a b l e a t a n y g i v e n m o m e n t . O n c e a l i n e a g e has b e g u n t o e v o l v e 

in a g i v e n d i r ec t i on , this m a y in i tse l f c lose o p t i o n s tha t w e r e f o r m e r l y 

a v a i l a b l e , s ea l ing off access t o a g l o b a l o p t i m u m . My p o i n t i s t h a t l a c k o f 

a v a i l a b l e v a r i a t i o n does no t h a v e to be a b s o l u t e in o r d e r to b e c o m e a 

s ignif icant cons t ra in t on pe r f ec t ion . I t n e e d o n l y be a q u a n t i t a t i v e b r a k e to 

h a v e d r a m a t i c q u a l i t a t i v e effects. I n spir i t , t hen , I a g r e e w i t h G o u l d a n d 

C a l l o w a y (1980) w h e n t h e y say , c i t i n g V e r m e i j ' s ( 1 9 7 3 ) s t i m u l a t i n g p a p e r 

o n the m a t h e m a t i c s o f m o r p h o l o g i c a l ve r sa t i l i t y tha t , ' S o m e m o r p h o l o g i e s 

c a n be twis ted , b e n t a n d a l t e red in a v a r i e t y o f w a y s , a n d o the r s c a n n o t . ' B u t 

I w o u l d prefer to soften ' c a n n o t ' , to m a k e i t a q u a n t i t a t i v e cons t r a in t , no t an 

abso lu te ba r r ie r . 

M c C l e e r y ( 1 9 7 8 ) , i n a n a g r e e a b l y c o m p r e h e n s i b l e i n t r o d u c t i o n t o the 

M c F a r l a n d schoo l o f e t h o l o g i c a l o p t i m a l i t y t heo ry , m e n t i o n s H . A . S i m o n ' s 

c o n c e p t o f ' sa t i s f ic ing ' a s a n a l t e r n a t i v e t o o p t i m i z i n g . I f o p t i m i z i n g sys tems 

are c o n c e r n e d w i t h m a x i m i z i n g s o m e t h i n g , sa t i s f ic ing sys tems g e t a w a y w i t h 

d o i n g jus t e n o u g h . I n this case , d o i n g e n o u g h m e a n s d o i n g e n o u g h t o s tay 

a l ive . M c C l e e r y con ten t s h i m s e l f w i t h c o m p l a i n i n g tha t such ' a d e q u a c y ' 

concep t s h a v e not g e n e r a t e d m u c h e x p e r i m e n t a l w o r k . I t h ink e v o l u t i o n a r y 

theory ent i t les us to be a b i t m o r e n e g a t i v e a priori. L i v i n g th ings a re no t 

se lec ted for the i r c a p a c i t y s i m p l y to s tay a l i v e ; t h e y a r e s t a y i n g a l i v e in 

c o m p e t i t i o n w i t h o the r such l i v i n g th ings . T h e t r o u b l e w i t h sa t i s f ic ing a s a 
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c o n c e p t i s t ha t i t c o m p l e t e l y l e a v e s o u t the c o m p e t i t i v e e l e m e n t w h i c h i s 

f u n d a m e n t a l t o a l l l ife. In G o r e V i d a l ' s w o r d s : ' I t i s no t e n o u g h to succeed . 

O t h e r s m u s t f a i l . ' 

O n the o t h e r h a n d ' o p t i m i z i n g ' i s a lso a n u n f o r t u n a t e w o r d b e c a u s e i t 

sugges t s the a t t a i n m e n t o f w h a t a n e n g i n e e r w o u l d r e c o g n i z e a s the best 

de s ign in a g l o b a l sense . I t t ends to o v e r l o o k the cons t ra in t s on per fec t ion 

w h i c h a r e the s u b j e c t o f this c h a p t e r . I n m a n y w a y s the w o r d ' m e l i o r i z i n g ' 

expresses a sens ib le m i d d l e w a y b e t w e e n o p t i m i z i n g a n d sat isf ic ing. W h e r e 

optimus m e a n s best , melior m e a n s be t te r . T h e po in t s we h a v e b e e n c o n s i d e r i n g 

a b o u t h i s to r i ca l cons t r a in t s , a b o u t W r i g h t ' s a d a p t i v e l a n d s c a p e s a n d a b o u t 

r ivers f o l l o w i n g the l ine o f i m m e d i a t e least res i s tance , a re all r e l a t ed to the 

fact t ha t n a t u r a l s e l ec t ion chooses the be t t e r o f p resen t a v a i l a b l e a l t e rna t ives . 

N a t u r e does no t h a v e the fores ight to p u t t o g e t h e r a s e q u e n c e o f mu ta t i ons 

w h i c h , for a l l t ha t t h e y m a y en ta i l t e m p o r a r y d i s a d v a n t a g e , set a l i neage on 

the r o a d t o u l t i m a t e g l o b a l supe r io r i t y . I t c a n n o t refra in f rom f a v o u r i n g 

s l i gh t l y a d v a n t a g e o u s a v a i l a b l e m u t a t i o n s n o w , so a s t o t ake be t te r 

a d v a n t a g e o f s u p e r i o r m u t a t i o n s w h i c h m a y a r r i v e la te r . L i k e a r iver , 

n a t u r a l s e l ec t i on b l i n d l y m e l i o r i z e s its w a y d o w n success ive l ines o f 

i m m e d i a t e l y a v a i l a b l e leas t res i s tance . T h e a n i m a l tha t results i s no t the 

mos t pe r fec t d e s i g n c o n c e i v a b l e , n o r i s i t m e r e l y g o o d e n o u g h to sc rape by . I t 

i s the p r o d u c t o f a h i s to r i ca l s e q u e n c e o f c h a n g e s , e a c h o n e o f w h i c h 

r e p r e s e n t e d , a t bes t , the better o f the a l t e r n a t i v e s tha t h a p p e n e d to be a r o u n d 

a t the t i m e . 

Constraints of costs and materials 
' I f the re w e r e n o cons t r a in t s o n w h a t i s poss ib le , the best p h e n o t y p e w o u l d 

l ive for e v e r , w o u l d be i m p r e g n a b l e t o p r eda to r s , w o u l d l a y eggs a t an 

inf ini te r a t e , a n d s o o n ' ( M a y n a r d S m i t h 1 9 7 8 b ) . ' A n e n g i n e e r , g i v e n ca r t e 

b l a n c h e on his d r a w i n g b o a r d c o u l d des ign an " i d e a l " w i n g for a b i rd , bu t 

h e w o u l d d e m a n d t o k n o w the cons t ra in t s u n d e r w h i c h h e mus t w o r k . I s h e 

c o n s t r a i n e d to use fea thers a n d b o n e s , o r m a y he des ign the ske le ton in 

t i t a n i u m a l l o y ? H o w m u c h i s h e a l l o w e d t o spend o n the w i n g s , a n d h o w 

m u c h o f the a v a i l a b l e e c o n o m i c i n v e s t m e n t mus t b e d i v e r t e d in to , say , e g g 

p r o d u c t i o n ? ' ( D a w k i n s & B r o c k m a n n 1980) . I n p r a c t i c e , an e n g i n e e r w i l l 

n o r m a l l y b e g i v e n a spec i f i ca t ion o f m i n i m u m p e r f o r m a n c e such a s ' T h e 

b r i d g e m u s t b e a r a l o a d o f t en tons . . . T h e a e r o p l a n e w i n g mus t not b r e a k 

unt i l i t r e c e i v e s a stress t h ree t imes w h a t w o u l d be e x p e c t e d in wors t -case 

t u r b u l e n t c o n d i t i o n s ; n o w g o a h e a d a n d b u i l d i t a s c h e a p l y a s y o u c a n . ' T h e 

best d e s i g n is the o n e tha t satisfies ( 'satisfices ') the c r i t e r ion spec i f ica t ion a t 

the leas t cos t . A n y d e s i g n tha t a c h i e v e s ' be t t e r ' t h a n the specif ied cr i te r ion 

p e r f o r m a n c e i s l i k e l y to be r e j ec ted , b e c a u s e p r e s u m a b l y the c r i t e r ion c o u l d 

b e a c h i e v e d m o r e c h e a p l y . 

T h e p a r t i c u l a r c r i t e r i on spec i f i ca t ion i s an a r b i t r a r y w o r k i n g ru le . T h e r e i s 
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n o t h i n g m a g i c a b o u t a safety m a r g i n o f three t imes the e x p e c t e d w o r s t - c a s e 

cond i t ions . M i l i t a r y a i rc raf t m a y b e d e s i g n e d w i t h m o r e r i sky safe ty m a r g i n s 

than c iv i l i an ones . In effect, the e n g i n e e r ' s o p t i m i z a t i o n ins t ruc t ions a m o u n t 

t o a m o n e t a r y e v a l u a t i o n o f h u m a n safety, speed , c o n v e n i e n c e , p o l l u t i o n o f 

the a t m o s p h e r e , e tc . T h e p r i ce p u t on e a c h o f these i s a m a t t e r o f j u d g e m e n t , 

a n d is often a m a t t e r of c o n t r o v e r s y . 

I n the e v o l u t i o n a r y d e s i g n o f a n i m a l s a n d p l an t s , j u d g e m e n t does no t 

enter in to it, no r does c o n t r o v e r s y e x c e p t a m o n g the h u m a n spec t a to r s o f the 

show. I n s o m e w a y , h o w e v e r , n a t u r a l se l ec t ion mus t p r o v i d e the e q u i v a l e n t 

o f such j u d g e m e n t : risks o f p r e d a t i o n m u s t b e e v a l u a t e d a g a i n s t risks o f 

s t a rv ing a n d benefi ts o f m a t i n g w i t h an e x t r a f e m a l e . F o r a b i r d , r e sources 

spent on m a k i n g breas t musc l e s for p o w e r i n g w i n g s a re r esources t h a t c o u l d 

h a v e b e e n spen t o n m a k i n g e g g s . A n e n l a r g e d b r a i n w o u l d p e r m i t a f iner 

t un ing o f b e h a v i o u r to e n v i r o n m e n t a l de ta i l s , pas t a n d p resen t , b u t a t a cost 

o f a n e n l a r g e d h e a d , w h i c h m e a n s e x t r a w e i g h t a t the f ront e n d o f t he b o d y , 

w h i c h in tu rn necess i ta tes a l a rge r tai l for a e r o d y n a m i c s t ab i l i t y , w h i c h in 

turn . . . W i n g e d a p h i d s a re less f ecund t h a n w ing l e s s ones o f the s a m e spec ies 

(J. S . K e n n e d y , p e r s o n a l c o m m u n i c a t i o n ) . T h a t e v e r y e v o l u t i o n a r y 

a d a p t a t i o n mus t cost s o m e t h i n g , costs b e i n g m e a s u r e d in lost o p p o r t u n i t i e s 

to do o the r th ings , i s a s t rue as tha t g e m of t r a d i t i o n a l e c o n o m i c w i s d o m , 

' T h e r e is no such t h i n g as a free l u n c h ' . 

O f course the m a t h e m a t i c s o f b i o l o g i c a l c u r r e n c y - c o n v e r s i o n , o f 

e v a l u a t i n g the costs o f w i n g m u s c l e , s i n g i n g t ime , p r e d a t o r - v i g i l a n c e t i m e , 

etc. , i n some c o m m o n c u r r e n c y such a s ' g o n a d e q u i v a l e n t s ' , a r e l i k e l y t o b e 

v e r y c o m p l e x . W h e r e a s the e n g i n e e r i s a l l o w e d to s impl i fy his m a t h e m a t i c s 

b y w o r k i n g t o a n a r b i t r a r i l y chosen m i n i m u m th re sho ld o f p e r f o r m a n c e , the 

b io logis t i s g r a n t e d n o such l u x u r y . O u r s y m p a t h y a n d a d m i r a t i o n m u s t g o 

out t o those few b io logis t s w h o h a v e a t t e m p t e d to g r a p p l e w i t h these 

p r o b l e m s in de t a i l ( e .g . O s t e r & W i l s o n 1 9 7 8 ; M c F a r l a n d & H o u s t o n 1 9 8 1 ) . 

O n the o the r h a n d , a l t h o u g h the m a t h e m a t i c s m a y b e f o r m i d a b l e , w e 

d o n ' t need m a t h e m a t i c s t o d e d u c e the mos t i m p o r t a n t po in t , w h i c h i s tha t 

a n y v i e w o f b i o l o g i c a l o p t i m i z a t i o n tha t den ies the e x i s t e n c e o f costs a n d 

trade-offs i s d o o m e d . A n a d a p t a t i o n i s t w h o looks a t o n e a spec t o f a n a n i m a l ' s 

b o d y o r b e h a v i o u r , say the a e r o d y n a m i c p e r f o r m a n c e o f its w i n g s , w h i l e 

fo rge t t ing tha t ef f ic iency in the w i n g s c a n o n l y be b o u g h t a t a cos t w h i c h w i l l 

be felt s o m e w h e r e else in the a n i m a l ' s e c o n o m y , w o u l d d e s e r v e a l l the 

cr i t ic ism he ge ts . I t has to be a d m i t t e d tha t too m a n y o f us, w h i l e n e v e r 

a c t u a l l y d e n y i n g the i m p o r t a n c e o f costs , fo rge t t o m e n t i o n t h e m , p e r h a p s 

e v e n forget t o th ink a b o u t t h e m , w h e n w e discuss b i o l o g i c a l f u n c t i o n . T h i s 

has p r o b a b l y p r o v o k e d s o m e o f the c r i t i c i sm tha t has c o m e o u r w a y . I n a n 

ear l ie r sec t ion I q u o t e d P i t t e n d r i g h ' s r e m a r k tha t a d a p t i v e o r g a n i z a t i o n w a s a 

' p a t c h w o r k of makesh i f t s ' . We mus t a lso no t forget t ha t i t i s a t a n g l e of 

c o m p r o m i s e s ( T i n b e r g e n 1 9 6 5 ) . 
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In p r i n c i p l e , i t w o u l d s e e m a v a l u a b l e heur i s t i c p r o c e d u r e to assume that 

an a n i m a l i s o p t i m i z i n g s o m e t h i n g u n d e r a g i v e n set of cons t ra in ts , a n d to try 

to w o r k o u t w h a t those cons t ra in t s a re . T h i s i s a res t r ic ted ve r s ion o f w h a t 

M c F a r l a n d a n d his c o l l e a g u e s c a l l the ' r eve r se o p t i m a l i t y ' a p p r o a c h (e .g . 

M c C l e e r y 1 9 7 8 ) . As a case s t u d y I sha l l t ake s o m e w o r k w i t h w h i c h I h a p p e n 

t o be f a m i l i a r . 

D a w k i n s a n d B r o c k m a n n (1980) found tha t the d i g g e r w a s p s (Sphex 

ichneumoneus) s t ud i ed by B r o c k m a n n b e h a v e d in a w a y tha t a n a i v e h u m a n 

e c o n o m i s t m i g h t h a v e c r i t i c i z e d a s m a l a d a p t i v e . I n d i v i d u a l w a s p s a p p e a r e d 

t o c o m m i t the ' C o n c o r d e F a l l a c y ' o f v a l u i n g a r e sou rce a c c o r d i n g t o h o w 

m u c h they h a d a l r e a d y spen t o n it, r a t he r t h a n a c c o r d i n g t o h o w m u c h they 

c o u l d ge t o u t o f i t in the fu ture . V e r y br ief ly , the e v i d e n c e i s as fol lows. 

S o l i t a r y f ema le s p r o v i s i o n b u r r o w s w i t h s t u n g a n d p a r a l y s e d k a t y d i d s w h i c h 

a r e to se rve as food for the i r l a r v a e (see C h a p t e r 7 ) . O c c a s i o n a l l y t w o females 

find t h e m s e l v e s p r o v i s i o n i n g the s a m e b u r r o w , a n d t hey u sua l l y end u p 

f igh t ing o v e r it. E a c h f i gh t goes on un t i l o n e w a s p , t h e r e b y def ined a s the 

loser , flees f rom the a r e a , l e a v i n g the w i n n e r in con t ro l o f the b u r r o w a n d al l 

the k a t y d i d s c a u g h t b y b o t h w a s p s . W e m e a s u r e d the ' r ea l v a l u e ' o f a b u r r o w 

a s the n u m b e r o f k a t y d i d s w h i c h i t c o n t a i n e d . T h e ' p r io r i n v e s t m e n t ' b y e a c h 

w a s p i n the b u r r o w w a s m e a s u r e d a s the n u m b e r o f k a t y d i d s w h i c h she, a s a n 

i n d i v i d u a l , h a d p u t i n to it. T h e e v i d e n c e sugges t ed tha t e a c h w a s p fough t for 

a t i m e p r o p o r t i o n a l to he r o w n i n v e s t m e n t , r a t h e r t han p r o p o r t i o n a l to the 

' t rue v a l u e ' o f t he b u r r o w . 

S u c h a p o l i c y has g r e a t h u m a n p s y c h o l o g i c a l a p p e a l . W e too tend t o f i g h t 

t e n a c i o u s l y for p r o p e r t y w h i c h w e h a v e p u t g rea t effort in to a c q u i r i n g . T h e 

f a l l a c y ge t s its n a m e f rom the fact tha t , a t a t ime w h e n sobe r e c o n o m i c 

j u d g e m e n t o f fu ture p rospec t s c o u n s e l l e d a b a n d o n i n g the d e v e l o p i n g o f the 

C o n c o r d e a i r l ine r , o n e o f the a r g u m e n t s i n f a v o u r o f c o n t i n u i n g w i t h the h a l f 

c o m p l e t e d p r o j e c t w a s r e t r o s p e c t i v e : ' W e h a v e a l r e a d y spen t s o m u c h o n i t 

tha t w e c a n n o t b a c k o u t n o w . ' A p o p u l a r a r g u m e n t for p r o l o n g i n g w a r s g a v e 

rise to the o t h e r n a m e for the f a l l a cy , the ' O u r b o y s shal l not h a v e d ied in 

v a i n ' f a l l a c y . 

W h e n Dr B r o c k m a n n a n d I first r e a l i z e d tha t d i g g e r w a s p s b e h a v e d i n l ike 

m a n n e r , I w a s , i t has to be confessed , a l i t t le d i s c o n c e r t e d , poss ib ly b e c a u s e 

o f m y o w n pas t i n v e s t m e n t o f effort ( D a w k i n s & C a r l i s l e 1 9 7 6 ; D a w k i n s 

1 9 7 6 a ) i n p e r s u a d i n g m y c o l l e a g u e s tha t the p s y c h o l o g i c a l l y a p p e a l i n g 

C o n c o r d e F a l l a c y w a s , i n d e e d , a f a l l a c y ! B u t t hen w e s ta r ted t o th ink m o r e 

se r ious ly a b o u t cos t cons t r a in t s . C o u l d i t be tha t w h a t a p p e a r e d to be 

m a l a d a p t i v e w a s b e t t e r i n t e rp re t ed as an o p t i m u m , given certain constraints? 

T h e q u e s t i o n then b e c a m e : I s the re a cons t r a in t such tha t the w a s p s ' 

C o n c o r d i a n b e h a v i o u r i s the best t h e y c a n a c h i e v e u n d e r i t ? 

I n fact the q u e s t i o n w a s m o r e c o m p l i c a t e d t han tha t , b e c a u s e i t w a s 

n e c e s s a r y t o subs t i tu t e M a y n a r d S m i t h ' s ( 1 9 7 4 ) c o n c e p t o f e v o l u t i o n a r y 
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s tabi l i ty ( ' E S S ' — s e e C h a p t e r 7 ) for t ha t o f s i m p l e o p t i m a l i t y , b u t the 

p r inc ip l e r e m a i n s tha t a r everse o p t i m a l i t y a p p r o a c h m i g h t be h e u r i s t i c a l l y 

v a l u a b l e . I f w e c a n s h o w tha t a n a n i m a l ' s b e h a v i o u r i s w h a t w o u l d b e 

p r o d u c e d b y a n o p t i m i z i n g sys t em w o r k i n g u n d e r c o n s t r a i n t X , m a y b e w e 

c a n use the a p p r o a c h t o l e a r n s o m e t h i n g o f the cons t r a in t s u n d e r w h i c h 

an ima l s a c t u a l l y d o w o r k . 

In the present case i t s e e m e d tha t the r e l e v a n t c o n s t r a i n t m i g h t be o n e o f 

sensory c a p a c i t y . I f the w a s p s , for s o m e reason , c a n n o t c o u n t k a t y d i d s i n the 

b u r r o w , b u t c a n m e t r e s o m e a spec t o f the i r o w n h u n t i n g efforts, the re i s a n 

a s y m m e t r y o f i n f o r m a t i o n possessed b y the t w o c o m b a t a n t s . E a c h o n e 

' k n o w s ' tha t the b u r r o w con t a in s a t leas t b k a t y d i d s , w h e r e b i s t he n u m b e r 

she herse l f has c a u g h t . S h e m a y ' e s t i m a t e ' t h a t the t rue n u m b e r i n the 

b u r r o w i s l a rge r t h a n b , b u t she does no t k n o w h o w m u c h l a r g e r . U n d e r s u c h 

cond i t ions G r a f e n (in p r e p a r a t i o n ) has s h o w n tha t t he e x p e c t e d E S S i s 

a p p r o x i m a t e l y the o n e o r i g i n a l l y c a l c u l a t e d b y B i s h o p a n d C a n n i n g s ( 1 9 7 8 ) 

for the so -ca l l ed ' g e n e r a l i z e d w a r o f a t t r i t i on ' . T h e m a t h e m a t i c a l de t a i l s c a n 

be left a s i de ; for p resen t pu rposes w h a t m a t t e r s i s t ha t the b e h a v i o u r 

e x p e c t e d b y the e x t e n d e d w a r o f a t t r i t ion m o d e l w o u l d l ook v e r y l ike the 

C o n c o r d i a n b e h a v i o u r a c t u a l l y s h o w n b y the w a s p s . 

I f w e w e r e in te res ted i n tes t ing the g e n e r a l h y p o t h e s i s t ha t a n i m a l s 

o p t i m i z e , this k ind of post hoc r a t i o n a l i z a t i o n w o u l d be suspec t . By post hoc 

modi f i ca t ion of the de ta i l s of the hypo thes i s , o n e i s b o u n d to f ind a v e r s i o n 

w h i c h fits the facts . M a y n a r d S m i t h ' s ( 1 9 7 8 b ) r e p l y to this k i n d o f c r i t i c i sm i s 

v e r y r e l e v a n t : ' . . . i n tes t ing a m o d e l we a re not t e s t ing the g e n e r a l 

p ropos i t ion tha t n a t u r e o p t i m i z e s , b u t the specif ic h y p o t h e s e s a b o u t 

cons t ra in ts , o p t i m i z a t i o n c r i t e r i a , a n d h e r e d i t y ' . I n the p resen t c a se w e a r e 

m a k i n g a g e n e r a l a s s u m p t i o n tha t n a t u r e does o p t i m i z e w i t h i n cons t r a in t s , 

and tes t ing p a r t i c u l a r m o d e l s o f w h a t those cons t ra in t s m i g h t b e . 

T h e p a r t i c u l a r cons t r a in t s u g g e s t e d — i n a b i l i t y o f the w a s p ' s s ensory s y s t e m 

to assess the con ten t s of a b u r r o w — i s in a c c o r d a n c e w i t h i n d e p e n d e n t 

e v i d e n c e from the s a m e p o p u l a t i o n o f w a s p s ( B r o c k m a n n , G r a f e n & D a w k i n s 

1 9 7 9 ; B r o c k m a n n & D a w k i n s 1 9 7 9 ) . T h e r e i s no r ea son to r e g a r d i t a s an 

i r r e v o c a b l y b i n d i n g l i m i t a t i o n for a l l t i m e . P r o b a b l y the w a s p s c o u l d e v o l v e 

the c a p a c i t y to assess nest con t en t s , b u t o n l y a t a cos t . D i g g e r w a s p s of the 

re la ted species Ammophila campestris h a v e l o n g b e e n k n o w n to m a k e an 

assessment o f the con t en t s o f e a c h o f the i r nests e v e r y d a y ( B a e r e n d s 1 9 4 1 ) . 

U n l i k e Sphex, w h i c h p rov i s ions o n e b u r r o w a t a t ime , l ays an e g g , t h e n fills 

the b u r r o w in w i t h soil a n d l e a v e s the l a r v a to ea t the p r o v i s i o n on its o w n , 

Ammophila campestris is a p rog re s s ive p r o v i s i o n e r of s e v e r a l b u r r o w s 

c o n c u r r e n t l y . A f e m a l e tends t w o or three g r o w i n g l a r v a e , e a c h in a s e p a r a t e 

b u r r o w , a t the s a m e t ime . T h e ages o f he r v a r i o u s l a r v a e a re s t a g g e r e d , a n d 

their food needs a re different . E v e r y m o r n i n g she assesses the c u r r e n t 

con ten ts o f e a c h b u r r o w o n a spec i a l e a r l y m o r n i n g ' i n s p e c t i o n r o u n d ' . B y 
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e x p e r i m e n t a l l y c h a n g i n g the con t en t s o f b u r r o w s , B a e r e n d s s h o w e d tha t the 

f e m a l e adjusts he r w h o l e d a y ' s p r o v i s i o n i n g o f e a c h b u r r o w a c c o r d i n g t o 

w h a t i t c o n t a i n e d a t the t ime o f he r m o r n i n g i n spec t i on . T h e con ten t s o f the 

b u r r o w a t a n y o t h e r t i m e o f d a y h a v e n o effect o n her b e h a v i o u r , e v e n 

t h o u g h she i s p r o v i s i o n i n g i t a l l d a y . S h e a p p e a r s , therefore , to use her 

assessment f a c u l t y s p a r i n g l y , s w i t c h i n g i t off for the rest of the d a y after the 

m o r n i n g i n s p e c t i o n , a l m o s t as t h o u g h i t w a s a cos t ly , p o w e r - c o n s u m i n g 

i n s t rumen t . F a n c i f u l a s tha t a n a l o g y m a y b e , i t su re ly suggests tha t the 

assessment f a c u l t y , w h a t e v e r i t is, m a y h a v e o v e r h e a d r u n n i n g costs, e v e n i f 

( G . P . B a e r e n d s , pe r sona l c o m m u n i c a t i o n ) these consis t o n l y in the t ime 

c o n s u m e d . 

Sphex ichneumoneus, no t b e i n g a p rogress ive p rov i s ione r , a n d t e n d i n g on ly 

o n e b u r r o w at a t i m e , p r e s u m a b l y has less need t han Ammophila for a b u r r o w -

assessment f a c u l t y . By no t a t t e m p t i n g to c o u n t p r e y in the b u r r o w , i t c a n 

s a v e i t se l f no t o n l y the r u n n i n g e x p e n d i t u r e tha t Ammophila seems so careful 

to r a t i o n ; i t c a n a lso s ave i tse l f the in i t ia l m a n u f a c t u r i n g costs o f the 

neces sa ry n e u r a l a n d sensory a p p a r a t u s . P r o b a b l y i t c o u l d benef i t s l igh t ly 

f rom h a v i n g an a b i l i t y t o assess b u r r o w con ten t s , b u t o n l y on the 

c o m p a r a t i v e l y r a r e o c c a s i o n s w h e n i t f inds i tse l f c o m p e t i n g for a b u r r o w w i t h 

a n o t h e r w a s p . I t i s easy to b e l i e v e tha t the costs o u t w e i g h the benefi ts , a n d 

tha t se l ec t ion has the re fore n e v e r f a v o u r e d the e v o l u t i o n o f assessment 

a p p a r a t u s . I th ink this is a m o r e c o n s t r u c t i v e a n d in te res t ing hypo thes i s than 

the a l t e r n a t i v e h y p o t h e s i s tha t the necessa ry m u t a t i o n a l v a r i a t i o n has n e v e r 

a r i sen . Of cou r se we h a v e t o a d m i t tha t the la t ter m i g h t be r igh t , bu t I 

w o u l d prefe r to k e e p i t as a h y p o t h e s i s of last resort . 

Imperfections at one level due 
to selection at another level 
O n e o f the m a i n top ics to be t a c k l e d in this b o o k i s tha t o f the l eve l a t w h i c h 

n a t u r a l s e l ec t ion ac t s . T h e k ind o f a d a p t a t i o n s w e shou ld see i f se lec t ion 

a c t e d a t the l e v e l o f the g r o u p w o u l d be q u i t e different f rom the a d a p t a t i o n s 

we s h o u l d e x p e c t i f s e l ec t ion ac t s a t the l eve l o f the i n d i v i d u a l . I t fo l lows that 

a g r o u p se lec t ion is t m i g h t w e l l see as impe r f ec t i ons , features w h i c h an 

i n d i v i d u a l se lec t ion is t w o u l d see a s a d a p t a t i o n s . T h i s i s the m a i n reason w h y 

I r e g a r d a s un fa i r G o u l d a n d L e w o n t i n ' s ( 1 9 7 9 ) e q u a t i n g o f m o d e r n 

a d a p t a t i o n i s m w i t h t he n a i v e pe r f ec t ion i sm tha t H a l d a n e n a m e d after 

V o l t a i r e ' s D r P a n g l o s s . W i t h r e se rva t ions d u e t o the v a r i o u s cons t ra in ts o n 

pe r f ec t ion , an a d a p t a t i o n i s t m a y b e l i e v e tha t all aspec ts o f o rgan i sms are 

' a d a p t i v e o p t i m a l so lu t ions to p r o b l e m s ' , o r tha t ' i t i s v i r t u a l l y imposs ib le to 

do a be t t e r j o b t h a n an o r g a n i s m i s d o i n g in its g i v e n e n v i r o n m e n t ' . Y e t the 

s a m e a d a p t a t i o n i s t m a y b e e x t r e m e l y fussy a b o u t the k ind o f m e a n i n g h e 

a l l o w s t o w o r d s l ike ' o p t i m a l ' a n d ' be t t e r ' . T h e r e a r e m a n y kinds o f 

a d a p t i v e , i n d e e d P a n g l o s s i a n , e x p l a n a t i o n s , for e x a m p l e most g r o u p -
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se lect ionis t ones , w h i c h w o u l d b e u t t e r l y r u l e d o u t b y the m o d e r n 

adap ta t ion i s t . 

F o r the P a n g l o s s i a n the d e m o n s t r a t i o n tha t s o m e t h i n g i s ' b e n e f i c i a l ' ( to 

w h o m or to w h a t is often no t speci f ied) is a sufficient e x p l a n a t i o n for its 

ex i s t ence . T h e n e o - D a r w i n i a n a d a p t a t i o n i s t , o n the o t h e r h a n d , insists u p o n 

k n o w i n g the e x a c t n a t u r e o f the s e l ec t i ve process tha t has l ed t o the e v o l u t i o n 

o f the p u t a t i v e a d a p t a t i o n . I n p a r t i c u l a r , he insists on p rec i se l a n g u a g e 

a b o u t the l eve l a t w h i c h n a t u r a l se l ec t ion i s s u p p o s e d t o h a v e a c t e d . T h e 

Pang loss i an looks a t a o n e - t o - o n e sex r a t io a n d sees t ha t i t i s g o o d : does i t n o t 

m i n i m i z e the w a s t a g e o f the p o p u l a t i o n ' s r e s o u r c e s ? T h e n e o - D a r w i n i a n 

adap ta t i on i s t cons iders i n d e t a i l the fates o f g e n e s a c t i n g on p a r e n t s t o b ias 

the sex ra t io o f the i r offspr ing, a n d c a l c u l a t e s the e v o l u t i o n a r i l y s t ab l e s ta te 

o f the p o p u l a t i o n (Fisher 1 9 3 0 a ) . T h e P a n g l o s s i a n i s d i s c o n c e r t e d b y 1 :1 sex 

rat ios in p o l y g y n o u s spec ies , i n w h i c h a m i n o r i t y o f m a l e s h o l d h a r e m s a n d 

the rest sit a b o u t i n b a c h e l o r he rds c o n s u m i n g a l m o s t h a l f t he p o p u l a t i o n ' s 

food resources y e t c o n t r i b u t i n g no t a t a l l to the p o p u l a t i o n ' s r e p r o d u c t i o n . 

T h e n e o - D a r w i n i a n a d a p t a t i o n i s t t akes this i n his s t r ide . T h e s y s t e m m a y b e 

h ideous ly u n e c o n o m i c a l f rom the p o p u l a t i o n ' s p o i n t o f v i e w , b u t , f rom the 

poin t o f v i e w o f the genes i n f l u e n c i n g the t ra i t c o n c e r n e d , t he re i s no m u t a n t 

that c o u l d do be t te r . My po in t i s t ha t n e o - D a r w i n i a n a d a p t a t i o n i s m i s no t a 

c a t c h - a l l , b l a n k e t fai th in a l l b e i n g for the best . I t ru les o u t o f c o u r t mos t o f 

the a d a p t i v e e x p l a n a t i o n s tha t r e a d i l y o c c u r t o the P a n g l o s s i a n . 

S o m e y e a r s a g o , a c o l l e a g u e r e c e i v e d an a p p l i c a t i o n f rom a p r o s p e c t i v e 

g r a d u a t e s tuden t w i s h i n g t o w o r k o n a d a p t a t i o n , w h o w a s b r o u g h t u p a 

re l ig ious f u n d a m e n t a l i s t a n d d id no t b e l i e v e i n e v o l u t i o n . H e b e l i e v e d i n 

a d a p t a t i o n s , b u t t h o u g h t t hey w e r e d e s i g n e d b y G o d , d e s i g n e d for the 

benefi t o f . . . a h , b u t tha t i s j u s t the p r o b l e m ! I t m i g h t be t h o u g h t t ha t i t d i d 

no t m a t t e r w h e t h e r the s t u d e n t b e l i e v e d a d a p t a t i o n s w e r e p r o d u c e d b y 

na tu ra l se lec t ion o r b y G o d . A d a p t a t i o n s a re ' b e n e f i c i a l ' w h e t h e r b e c a u s e o f 

na tu ra l se lec t ion o r b e c a u s e o f bene f i c i en t d e s i g n , a n d c o u l d no t a 

fundamenta l i s t s t uden t b e useful ly e m p l o y e d i n u n c o v e r i n g the d e t a i l e d w a y s 

i n w h i c h t hey w e r e b e n e f i c i a l ? M y p o i n t i s tha t this a r g u m e n t w i l l no t d o , 

because w h a t i s benef ic ia l to o n e en t i ty in the h i e r a r c h y of life i s h a r m f u l to 

ano the r , a n d c r e a t i o n i s m g i v e s us no g r o u n d s for s u p p o s i n g t h a t o n e en t i t y ' s 

we l fa re wi l l be pre fe r red to a n o t h e r ' s . In pass ing , the f u n d a m e n t a l i s t s t uden t 

m i g h t pause to w o n d e r a t a G o d w h o goes to g r e a t t r o u b l e t o p r o v i d e 

p reda to rs w i t h beau t i fu l a d a p t a t i o n s t o c a t c h p r e y , w h i l e w i t h the o t h e r 

hand g i v i n g p r e y beau t i fu l a d a p t a t i o n s t o t h w a r t t h e m . P e r h a p s H e en joys 

the spec t a to r spor t . R e t u r n i n g t o the m a i n po in t , i f a d a p t a t i o n s w e r e 

des igned b y G o d , H e m i g h t h a v e d e s i g n e d t h e m t o benef i t the i n d i v i d u a l 

a n i m a l (its s u r v i v a l o r — n o t the s a m e th ing—i t s i n c l u s i v e f i tness ) , the spec ies , 

some o the r species such a s m a n k i n d ( the usua l v i e w o f r e l i g ious 

fundamenta l i s t s ) , the ' b a l a n c e o f n a t u r e ' , o r s o m e o t h e r i n s c r u t a b l e p u r p o s e 
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k n o w n o n l y t o H i m . T h e s e a r e f r equen t ly i n c o m p a t i b l e a l t e rna t ives . I t r ea l ly 

matters for w h o s e benef i t a d a p t a t i o n s a re d e s i g n e d . F a c t s such as the sex ra t io 

i n h a r e m - f o r m i n g m a m m a l s a re i n e x p l i c a b l e o n ce r t a in h y p o t h e s e s a n d 

eas i ly e x p l i c a b l e o n o the r s . T h e a d a p t a t i o n i s t w o r k i n g w i t h i n the f r a m e w o r k 

o f a p r o p e r u n d e r s t a n d i n g o f the g e n e t i c a l t heo ry o f n a t u r a l se lec t ion 

c o u n t e n a n c e s o n l y a v e r y res t r ic ted set o f the poss ib le func t iona l hypo theses 

w h i c h the P a n g l o s s i a n m i g h t a d m i t . 

O n e of the m a i n messages of this b o o k i s tha t , for m a n y purposes , i t i s 

be t t e r to r e g a r d the l e v e l a t w h i c h se lec t ion acts a s n e i t h e r the o r g a n i s m , nor 

the g r o u p o r a n y l a r g e r un i t , b u t the g e n e o r sma l l g e n e t i c f r agmen t . T h i s 

diff icul t top ic wi l l be d e b a t e d in l a te r c h a p t e r s . F o r the present , i t i s sufficient 

to no t e t ha t s e l ec t ion a t the l e v e l o f the g e n e c a n g i v e rise to a p p a r e n t 

i m p e r f e c t i o n s a t the l e v e l o f the i n d i v i d u a l . I sha l l discuss ' m e i o t i c d r i v e ' a n d 

r e l a t ed p h e n o m e n a in C h a p t e r 8 , b u t the classic e x a m p l e i s the case of 

h e t e r o z y g o u s a d v a n t a g e . A g e n e m a y be pos i t i ve ly se lec ted b e c a u s e o f its 

bene f i c i a l effects w h e n h e t e r o z y g o u s , e v e n t h o u g h i t has ha rmfu l effects w h e n 

h o m o z y g o u s . As a c o n s e q u e n c e of this, a p r e d i c t a b l e p r o p o r t i o n of the 

i n d i v i d u a l o r g a n i s m s i n the p o p u l a t i o n w i l l h a v e defec t s . T h e g e n e r a l po in t 

i s this . T h e g e n o m e of an i n d i v i d u a l o r g a n i s m in a s e x u a l p o p u l a t i o n i s the 

p r o d u c t o f a m o r e or less r a n d o m shuff l ing of the genes in the p o p u l a t i o n . 

G e n e s a re s e l e c t e d o v e r the i r a l le les b e c a u s e o f the i r p h e n o t y p i c effects, 

a v e r a g e d o v e r a l l the i n d i v i d u a l bod i e s i n w h i c h t hey are d i s t r i bu ted , o v e r 

the w h o l e p o p u l a t i o n , a n d t h r o u g h m a n y g e n e r a t i o n s . T h e effects that a 

g i v e n g e n e has w i l l u s u a l l y d e p e n d u p o n the o t h e r genes w i t h w h i c h i t shares 

a b o d y : h e t e r o z y g o u s a d v a n t a g e is j u s t a spec ia l case of this. A ce r t a in 

p r o p o r t i o n o f b a d bod i e s seems a n a lmos t i n e v i t a b l e c o n s e q u e n c e o f se lec t ion 

for g o o d g e n e s , w h e r e g o o d refers to the a v e r a g e effects of a g e n e on a 

s ta t i s t ica l s a m p l e o f bod i e s in w h i c h i t f i nds i tself p e r m u t e d w i t h o the r genes . 

I n e v i t a b l e , t ha t is, a s l o n g as we a c c e p t the M e n d e l i a n shuffle as g i v e n a n d 

i n e s c a p a b l e . W i l l i a m s ( 1 9 7 9 ) , d i s a p p o i n t e d a t f i n d i n g n o e v i d e n c e for 

a d a p t i v e f i ne - ad ju s tmen t o f the sex r a t io , m a k e s the p e r c e p t i v e po in t that 

S e x i s o n l y o n e o f m a n y offspr ing c h a r a c t e r s tha t w o u l d seem a d a p t i v e 

for a p a r e n t to c o n t r o l . F o r i n s t ance , in h u m a n p o p u l a t i o n s affected 

by s i ck l e -ce l l a n a e m i a , i t w o u l d be a d v a n t a g e o u s for a h e t e r o z y g o u s 

w o m a n to h a v e her A eggs fer t i l ized o n l y by a - b e a r i n g spe rm, a n d 

v i c e v e r s a , o r e v e n t o a b o r t a l l h o m o z y g o u s e m b r y o s . Y e t i f m a t e d t o 

a n o t h e r h e t e r o z y g o t e she w i l l r e l i a b l y s u b m i t t o the M e n d e l i a n 

lo t t e ry , e v e n t h o u g h this m e a n s m a r k e d l y l o w e r e d fitness for h a l f her 

c h i l d r e n . . . T h e r ea l l y f u n d a m e n t a l ques t ions i n e v o l u t i o n m a y be 

a n s w e r a b l e o n l y b y r e g a r d i n g e a c h g e n e a s u l t i m a t e l y i n conf l ic t w i th 

e v e r y o t h e r g e n e , e v e n those a t o t h e r loc i in the s a m e ce l l . A rea l ly 



Constraints on Perfection 53 

v a l i d t heo ry o f n a t u r a l se lec t ion mus t be based u l t i m a t e l y on selfish 

r ep l i ca to r s , g e n e s a n d all o t h e r ent i t ies c a p a b l e o f the b i a sed 

a c c u m u l a t i o n o f different v a r i a n t forms. 

A m e n ! 

Mistakes due to environmental 
unpredictability or 'malevolence' 

H o w e v e r w e l l a d a p t e d a n a n i m a l m a y b e t o e n v i r o n m e n t a l c o n d i t i o n s , those 

cond i t ions mus t be r e g a r d e d as a s ta t is t ica l a v e r a g e . I t w i l l u s u a l l y be 

imposs ib le t o c a t e r for e v e r y c o n c e i v a b l e c o n t i n g e n c y o f d e t a i l , a n d a n y 

g i v e n a n i m a l w i l l therefore f r equen t ly b e o b s e r v e d t o m a k e ' m i s t a k e s ' , 

mis takes w h i c h c a n eas i ly be fa ta l . T h i s i s no t the s a m e p o i n t a s the t i m e - l a g 

p r o b l e m a l r e a d y m e n t i o n e d . T h e t i m e - l a g p r o b l e m arises b e c a u s e o f n o n -

s ta t ionar i t ies i n the s ta t i s t ica l p rope r t i e s o f t he e n v i r o n m e n t : a v e r a g e 

cond i t ions n o w a re different f rom the a v e r a g e c o n d i t i o n s e x p e r i e n c e d by the 

a n i m a l ' s ances to r s . T h e present po in t i s m o r e i n e s c a p a b l e . T h e m o d e r n 

a n i m a l m a y be l i v i n g in i d e n t i c a l average c o n d i t i o n s to those o f an ances to r , 

ye t the de t a i l ed m o m e n t t o m o m e n t o c c u r r e n c e s f a c i n g e i the r o f t h e m a r e 

not the s a m e from d a y to d a y , a n d are too c o m p l e x for p rec i se p r e d i c t i o n to 

be possible . 

I t i s p a r t i c u l a r l y in b e h a v i o u r tha t such mi s t akes a r e seen . T h e m o r e s ta t ic 

a t t r ibu tes o f an a n i m a l , its a n a t o m i c a l s t ruc tu re for i n s t a n c e , a r e o b v i o u s l y 

a d a p t e d o n l y t o l o n g - t e r m a v e r a g e c o n d i t i o n s . A n i n d i v i d u a l i s e i the r b i g o r 

smal l , i t c a n n o t c h a n g e s ize f rom m i n u t e to m i n u t e as the n e e d ar ises . 

B e h a v i o u r , r ap id m u s c u l a r m o v e m e n t , i s tha t pa r t o f a n a n i m a l ' s a d a p t i v e 

reper to i re w h i c h i s spec i f i ca l ly c o n c e r n e d w i t h h i g h speed a d j u s t m e n t . T h e 

a n i m a l c a n b e n o w here , n o w there , n o w u p a t ree , n o w u n d e r g r o u n d , 

r ap id ly a c c o m m o d a t i n g t o e n v i r o n m e n t a l c o n t i n g e n c i e s . T h e n u m b e r o f 

such possible c o n t i n g e n c i e s , w h e n def ined in al l t he i r d e t a i l , i s l ike the 

n u m b e r o f poss ible chess pos i t ions , v i r t u a l l y inf ini te . Ju s t a s c h e s s - p l a y i n g 

c o m p u t e r s (and c h e s s - p l a y i n g p e o p l e ) l ea rn to classify chess pos i t ions in to a 

m a n a g e a b l e n u m b e r o f g e n e r a l i z e d classes, so the best tha t an a d a p t a t i o n i s t 

can hope for i s tha t an a n i m a l w i l l h a v e b e e n p r o g r a m m e d to b e h a v e in w a y s 

a p p r o p r i a t e t o a m a n a g e a b l e n u m b e r o f g e n e r a l c o n t i n g e n c y classes . A c t u a l 

con t ingenc i e s wi l l f i t these g e n e r a l classes o n l y a p p r o x i m a t e l y , a n d a p p a r e n t 

mis takes are therefore b o u n d to be m a d e . 

T h e a n i m a l tha t we see up a t ree m a y c o m e f rom a l o n g l ine o f t ree-

d w e l l i n g ances tors . T h e trees i n w h i c h the ances to r s u n d e r w e n t n a t u r a l 

se lect ion w e r e , i n g e n e r a l , m u c h the s a m e as the trees o f t o d a y . G e n e r a l ru les 

o f b e h a v i o u r w h i c h w o r k e d then , such as ' N e v e r go ou t on a l i m b tha t i s too 

th in ' , still w o r k . B u t the de ta i l s o f a n y o n e t ree a re i n e v i t a b l y dif ferent from 
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the de ta i l s o f a n o t h e r . T h e l eaves a re i n s l igh t ly different p l aces , the b r e a k i n g 

s t ra in o f the b r a n c h e s i s o n l y a p p r o x i m a t e l y p r e d i c t a b l e from thei r d i a m e t e r , 

a n d s o o n . H o w e v e r s t r o n g l y a d a p t a t i o n i s t o u r bel iefs m a y be , w e c a n o n l y 

e x p e c t a n i m a l s t o be a v e r a g e s ta t i s t ica l o p t i m i z e r s , n e v e r perfec t an t i c ipa to r s 

o f e v e r y d e t a i l . 

S o far w e h a v e c o n s i d e r e d the e n v i r o n m e n t a s s ta t i s t ica l ly c o m p l e x a n d 

therefore h a r d t o p r e d i c t . W e h a v e not r e c k o n e d o n its b e i n g a c t i v e l y 

m a l e v o l e n t f rom o u r a n i m a l ' s po in t o f v i e w . T r e e b o u g h s su re ly d o not 

d e l i b e r a t e l y s n a p o u t o f spi te w h e n m o n k e y s v e n t u r e on to t h e m . B u t a ' t ree 

b o u g h ' m a y tu rn o u t t o be a c a m o u f l a g e d p y t h o n , a n d o u r m o n k e y ' s last 

m i s t a k e is t hen no a c c i d e n t b u t is, in a sense, d e l i b e r a t e l y e n g i n e e r e d . Pa r t of 

a m o n k e y ' s e n v i r o n m e n t is n o n - l i v i n g or a t least indifferent to the m o n k e y ' s 

ex i s t ence , a n d the m o n k e y ' s mis t akes c a n b e put d o w n t o s tat is t ical 

u n p r e d i c t a b i l i t y . B u t o t h e r par t s o f the m o n k e y ' s e n v i r o n m e n t consist o f 

l i v i n g th ings tha t a re t h e m s e l v e s a d a p t e d to profit a t the e x p e n s e o f m o n k e y s . 

T h i s p o r t i o n o f the m o n k e y ' s e n v i r o n m e n t m a y b e c a l l e d m a l e v o l e n t . 

M a l e v o l e n t e n v i r o n m e n t a l in f luences m a y themse lves b e h a r d t o p r ed i c t 

for the s a m e reasons a s indi f ferent ones , bu t they i n t r o d u c e an a d d e d h a z a r d ; 

a n a d d e d o p p o r t u n i t y for the v i c t i m t o m a k e 'm i s t akes ' . T h e mi s t ake m a d e 

by a r o b i n in f e e d i n g a c u c k o o in its nest is p r e s u m a b l y in s o m e sense a 

m a l a d a p t i v e b l u n d e r . T h i s i s no t an i so la ted , u n p r e d i c t a b l e o c c u r r e n c e such 

a s arises b e c a u s e o f the s ta t i s t ica l u n p r e d i c t a b i l i t y o f the n o n - m a l e v o l e n t pa r t 

of the e n v i r o n m e n t . I t i s a r e c u r r e n t b l u n d e r , aff l ic t ing g e n e r a t i o n after 

g e n e r a t i o n o f rob ins , e v e n the s a m e r o b i n seve ra l t imes in its life. E x a m p l e s 

o f this k ind a l w a y s m a k e us w o n d e r a t the c o m p l i a n c e , i n e v o l u t i o n a r y t ime, 

o f the o r g a n i s m s tha t a r e m a n i p u l a t e d aga ins t the i r best interests . W h y 

d o e s n ' t s e l ec t ion s i m p l y e l i m i n a t e the suscep t ib i l i t y o f rob ins t o the d e c e p t i o n 

o f c u c k o o s ? T h i s k ind o f p r o b l e m i s o n e o f m a n y w h i c h I b e l i e v e wi l l one d a y 

b e c o m e the s tock in t r a d e o f a n e w subd i sc ip l i ne o f b i o l o g y — t h e s tudy o f 

m a n i p u l a t i o n , a r m s r aces a n d the e x t e n d e d p h e n o t y p e . M a n i p u l a t i o n a n d 

a r m s r aces form the sub jec t o f the n e x t c h a p t e r , w h i c h in some w a y s c a n be 

r e g a r d e d a s an e x p a n s i o n o f the t h e m e o f the f inal sec t ion o f this c h a p t e r . 
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O n e o f my purposes in this b o o k i s t o q u e s t i o n the ' c e n t r a l t h e o r e m ' 

tha t i t i s useful to e x p e c t i n d i v i d u a l o r g a n i s m s to b e h a v e in s u c h a w a y as to 

m a x i m i z e their o w n i n c l u s i v e fitness, o r i n o t h e r w o r d s t o m a x i m i z e t he 

su rv iva l o f cop ie s o f the g e n e s ins ide t h e m . T h e end o f the p r e v i o u s c h a p t e r 

suggests o n e w a y i n w h i c h the c e n t r a l t h e o r e m m i g h t b e v i o l a t e d . O r g a n i s m s 

migh t cons is ten t ly w o r k i n the interests o f o the r o r g a n i s m s r a t h e r t h a n o f 

themselves . T h a t is, t hey m i g h t b e ' m a n i p u l a t e d ' . 

T h e fact tha t a n i m a l s f r e q u e n t l y c ause o t h e r a n i m a l s t o p e r f o r m s o m e 

ac t ion tha t i s aga ins t the i r o w n best interests is, o f cou r se , w e l l k n o w n . 

O b v i o u s l y i t h a p p e n s e v e r y t ime an a n g l e r fish c a t c h e s p r e y , e v e r y t i m e a 

c u c k o o is fed by its foster m o t h e r . I shal l m a k e use of b o t h these e x a m p l e s in 

this c h a p t e r , b u t I shal l a l so e m p h a s i z e t w o po in t s t ha t h a v e no t a l w a y s b e e n 

stressed. F i rs t ly , i t i s n a t u r a l to a s sume tha t e v e n i f a m a n i p u l a t o r ge t s a w a y 

w i t h i t t e m p o r a r i l y , i t i s o n l y a m a t t e r of e v o l u t i o n a r y t i m e before the l i n e a g e 

o f m a n i p u l a t e d o r g a n i s m s c o m e s up w i t h a c o u n t e r - a d a p t a t i o n . In o t h e r 

words , w e tend t o a s sume tha t m a n i p u l a t i o n o n l y w o r k s b e c a u s e o f the ' t i m e -

l a g ' cons t ra in t on pe r f ec t i on . In this c h a p t e r I sha l l p o i n t o u t tha t , on the 

con t r a ry , there a re c o n d i t i o n s u n d e r w h i c h w e shou ld e x p e c t m a n i p u l a t o r s t o 

succeed cons i s ten t ly a n d for indef in i te l eng ths of e v o l u t i o n a r y t i m e . I sha l l 

discuss this l a te r u n d e r the c a t c h - p h r a s e o f ' a r m s r a c e s ' . 

S e c o n d l y , unt i l the last d e c a d e o r so, most o f us h a v e p a i d insuff icient 

a t t en t ion t o the l i k e l i h o o d o f in t raspec i f ic m a n i p u l a t i o n , e s p e c i a l l y e x p l o i 

ta t ive m a n i p u l a t i o n w i t h i n the f ami ly . I a t t r i bu t e this d e f i c i e n c y to a r e s i d u u m 

of g roup-se lec t ion i s t in tu i t ion w h i c h often lurks in the d e p t h s o f the 

b io logis t ' s m i n d e v e n after g r o u p se lec t ion has b e e n r e j ec t ed a t the sur face 

level o f r eason . I th ink tha t a m i n o r r e v o l u t i o n has t a k e n p l a c e in the w a y we 

think a b o u t socia l r e l a t ionsh ips . ' G e n t e e l ' ( L l o y d 1979) ideas o f v a g u e l y 

b e n e v o l e n t m u t u a l c o o p e r a t i o n a re r e p l a c e d b y a n e x p e c t a t i o n o f s tark , 

ruthless, oppo r tun i s t i c m u t u a l e x p l o i t a t i o n (e .g . H a m i l t o n 1 9 6 4 a , b , 1970 , 

1 9 7 1 a ; W i l l i a m s 1 9 6 6 ; T r i v e r s 1 9 7 2 , 1 9 7 4 ; G h i s e l i n 1 9 7 4 a ; A l e x a n d e r 
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1 9 7 4 ) . T h i s r e v o l u t i o n i s p o p u l a r l y assoc ia ted w i t h the n a m e ' s o c i o b i o l o g y ' , 

a l t h o u g h the a s soc i a t ion is s o m e w h a t i ron ic s ince , as I h a v e sugges t ed before , 

W i l s o n ' s ( 1 9 7 5 ) g r e a t b o o k o f t h a t n a m e i s i n m a n y respects p r e -

r e v o l u t i o n a r y in a t t i t u d e : no t the n e w synthes is , b u t the last a n d grea tes t 

synthes is o f the o l d , b e n e v o l e n t r e g i m e (e .g . his C h a p t e r 5 ) . 

I c a n e x e m p l i f y the c h a n g e d v i e w by q u o t i n g from o n e r ecen t pape r , 

L l o y d ' s ( 1 9 7 9 ) e n t e r t a i n i n g r e v i e w o f s e x u a l d i r ty t r icks i n insects . 

S e l e c t i o n for has te in m a l e s , a n d coyness in f emales , results in w h a t 

a m o u n t s to c o m p e t i t i o n between the sexes . M a l e s m a y be se lec ted to 

b y p a s s a n y c h o i c e tha t the f emales a t t e m p t to exe rc i se , a n d then 

f ema le s se l ec ted to m a i n t a i n thei r op t ions , to no t be mis led o r to h a v e 

the i r c h o i c e s s u b v e r t e d . I f m a l e s s u b d u e a n d s e d u c e females w i t h t rue 

a p h r o d i s i a c s [ L l o y d g i v e s e v i d e n c e e l s e w h e r e i n the p a p e r ] , females 

m a y b e e x p e c t e d t o e s c a p e soone r o r l a te r i n e v o l u t i o n a r y t ime . A n d 

after s p e r m has b e e n p l a c e d in a f ema le , she shou ld m a n i p u l a t e i t : 

s tore , t ransfer (from c h a m b e r to c h a m b e r ) , use, ea t , or d isso lve it, as 

she m a k e s a d d i t i o n a l o b s e r v a t i o n s o n m a l e s . F e m a l e s m a y a c c e p t a n d 

s tore s p e r m f rom a m a l e for i n s u r a n c e tha t t hey w i l l ge t a m a t e , a n d 

then b e c o m e c h o o s y . . . I t i s poss ib le for s p e r m to be m a n i p u l a t e d in 

the f e m a l e ( e .g . sex d e t e r m i n a t i o n i n H y m e n o p t e r a ) . F e m a l e repro

d u c t i v e m o r p h o l o g y of ten i n c l u d e s sacs, v a l v e s , a n d tubes tha t c o u l d 

h a v e e v o l v e d in this c o n t e x t . In fac t , i t i s poss ib le tha t s o m e repor ted 

e x a m p l e s o f s p e r m c o m p e t i t i o n are a c t u a l l y cases o f spe rm 

m a n i p u l a t i o n . . . G i v e n tha t f emales , to o n e ex t en t o r ano the r , 

s u b v e r t m a l e interests by the in t e rna l m a n i p u l a t i o n o f e j a c u l a t e , i t i s 

no t i n c o n c e i v a b l e t ha t m a l e s w i l l h a v e e v o l v e d l i t t le openers , 

sn ippe r s , l eve r s a n d sy r inges tha t p u t s p e r m in the p l aces females h a v e 

e v o l v e d ( ' i n t e n d e d ' ) for s p e r m w i t h p r io r i t y u s a g e — c o l l e c t i v e l y , a 

v e r i t a b l e Swis s A r m y K n i f e o f g a d g e t r y ! 

T h i s k ind o f u n s e n t i m e n t a l , d o g ea t d o g , l a n g u a g e w o u l d not h a v e c o m e 

eas i ly to b io log i s t s a few y e a r s a g o , b u t n o w a d a y s I am g l a d to say i t 

d o m i n a t e s the t e x t b o o k s (e .g . A l c o c k 1 9 7 9 ) . 

S u c h d i r t y t r icks , a s of ten a s no t , i n v o l v e d i r ec t a c t i o n , the musc le s o f one 

i n d i v i d u a l m o v i n g t o mo le s t the b o d y o f a n o t h e r . T h e m a n i p u l a t i o n w h i c h i s 

the sub jec t o f this c h a p t e r i s m o r e i nd i r ec t a n d m o r e sub t l e . A n i n d i v i d u a l 

i n d u c e s the effectors o f a n o t h e r i n d i v i d u a l to w o r k aga ins t its o w n best 

interests , a n d i n f a v o u r o f the interests o f the m a n i p u l a t o r . A l e x a n d e r (1974) 

w a s o n e o f the first t o e m p h a s i z e the i m p o r t a n c e o f such m a n i p u l a t i o n . H e 

g e n e r a l i z e d his c o n c e p t o f q u e e n d o m i n a t i o n i n the e v o l u t i o n o f socia l insect 

w o r k e r b e h a v i o u r , t o p r o d u c e a w i d e - r a n g i n g t heo ry o f ' p a r e n t a l m a n i p u 

l a t i o n ' (see a lso G h i s e l i n 1 9 7 4 a ) . He sugges t ed tha t pa ren t s a re in such a 
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c o m m a n d i n g pos i t ion o v e r the i r offspring tha t of fspr ing m a y b e fo rced t o 

w o r k in the interests o f the i r p a r e n t s ' g e n e t i c f i t nes s , e v e n w h e r e this conf l ic t s 

w i th thei r o w n . W e s t - E b e r h a r d ( 1 9 7 5 ) fo l lows A l e x a n d e r i n d i g n i f y i n g 

pa ren t a l m a n i p u l a t i o n a s o n e o f t h ree g e n e r a l w a y s i n w h i c h i n d i v i d u a l 

' a l t r u i sm ' c a n e v o l v e , the o thers b e i n g k in se lec t ion a n d r e c i p r o c a l a l t r u i s m . 

R i d l e y a n d I m a k e the s a m e po in t , b u t do no t res t r ic t o u r s e l v e s to parental 

m a n i p u l a t i o n ( R i d l e y & D a w k i n s in press ) . 

T h e a r g u m e n t i s as fo l lows . Bio logis t s def ine b e h a v i o u r as a l t ru i s t i c i f i t 

favours o the r i n d i v i d u a l s a t the e x p e n s e of the a l t ru is t h imsel f . A p r o b l e m 

arises, i n c i d e n t a l l y , o v e r h o w benef i t a n d e x p e n s e a re t o b e d e f i n e d . I f t hey 

are def ined in te rms o f i n d i v i d u a l s u r v i v a l , ac t s o f a l t r u i sm a re e x p e c t e d to be 

v e r y c o m m o n , a n d wi l l b e t a k e n t o i n c l u d e p a r e n t a l c a r e . I f t h e y a r e de f ined 

in terms o f i n d i v i d u a l r e p r o d u c t i v e success , p a r e n t a l c a r e no l o n g e r c o u n t s a s 

a l t ru i sm, bu t a l t ru is t ic ac t s t o w a r d s o t h e r r e l a t i ves a re p r e d i c t e d b y n e o -

D a r w i n i a n theo ry . I f benef i t a n d e x p e n s e a re de f ined i n t e rms o f i n d i v i d u a l 

inc lus ive f i t ne s s , ne i the r p a r e n t a l c a r e no r c a r e for o t h e r g e n e t i c r e l a t i ves 

counts as a l t ru i sm, a n d i n d e e d a n a i v e ve r s ion o f the t h e o r y e x p e c t s t ha t 

a l t ru ism shou ld no t r ea l ly exis t . A n y o f the three de f in i t ions c a n b e ju s t i f i ed , 

a l t h o u g h i f we mus t ta lk of a l t ru i sm a t a l l I prefer the f i r s t de f in i t i on , the o n e 

tha t a l l ows p a r e n t a l c a r e a s a l t ru i s t ic . B u t my p o i n t he re i s tha t , w h i c h e v e r 

def ini t ion we f avou r , i t i s m e t i f the ' a l t ru i s t ' i s forced— m a n i p u l a t e d — b y the 

benef ic ia ry in to d o n a t i n g s o m e t h i n g t o h i m . F o r i n s t ance , t he de f in i t i on ( a n y 

of the three) a l l o w s us no c h o i c e b u t to r e g a r d the f e e d i n g of a c u c k o o 

nes t l ing b y its foster p a r e n t a s a l t ru is t ic b e h a v i o u r . M a y b e this m e a n s w e 

need a n e w k ind of de f in i t ion , b u t tha t i s a n o t h e r issue. K r e b s a n d I t a k e the 

a r g u m e n t t o its l o g i c a l c o n c l u s i o n , a n d in te rp re t a l l o f a n i m a l c o m m u n i 

ca t ion a s m a n i p u l a t i o n o f s i g n a l - r e c e i v e r by s i g n a l - s e n d e r ( D a w k i n s & K r e b s 

1978) . 

M a n i p u l a t i o n is, i n d e e d , p i v o t a l t o the v i e w o f life e x p o u n d e d in this b o o k , 

a n d i t i s a trifle i ron ic tha t I am o n e of those w h o has c r i t i c i z e d A l e x a n d e r ' s 

c o n c e p t o f p a r e n t a l m a n i p u l a t i o n ( D a w k i n s 1 9 7 6 a , p p . 1 4 5 - 1 4 8 ; B l i c k 1 9 7 7 ; 

Pa rke r & M a c n a i r 1 9 7 8 ; K r e b s & D a v i e s 1 9 7 8 ; S t a m p s & M e t c a l f 1980) , 

and , i n turn , b e e n c r i t i c i z e d for d o i n g s o ( S h e r m a n 1 9 7 8 ; H a r p e n d i n g 1 9 7 9 ; 

D a l y 1980) . N o t w i t h s t a n d i n g these de fender s , A l e x a n d e r (1980 , p p . 3 8 - 3 9 ) 

h imse l f has c o n c e d e d tha t his c r i t ics w e r e r igh t . 

C l e a r l y s o m e c l a r i f i ca t ion i s necessa ry . N e i t h e r I , n o r a n y o f the l a t e r 

cr i t ics m e n t i o n e d , d o u b t e d tha t s e l ec t ion w o u l d f a v o u r p a r e n t s w h o 

s u c c e e d e d i n m a n i p u l a t i n g thei r offspring, o v e r p a r e n t s w h o d i d no t . N o r d i d 

w e d o u b t tha t p a r e n t s w o u l d i n d e e d , i n m a n y cases , ' w i n the a r m s r a c e ' 

aga ins t offspring. A l l w e w e r e o b j e c t i n g t o w a s the l o g i c o f s u g g e s t i n g tha t 

parents en joy a bu i l t - in a d v a n t a g e o v e r the i r c h i l d r e n , s i m p l y b e c a u s e a l l 

ch i ld ren aspi re t o b e c o m e pa ren t s . T h a t i s no m o r e t rue t h a n tha t c h i l d r e n 

enjoy a bu i l t - in a d v a n t a g e s i m p l y b e c a u s e a l l p a r e n t s w e r e o n c e c h i l d r e n . 



5 8 A r m s Races and Manipulat ion 

A l e x a n d e r h a d s u g g e s t e d tha t t e n d e n c i e s to selfishness in c h i l d r e n , t endenc ies 

t o a c t a g a i n s t the interests o f the i r pa ren t s , c o u l d no t sp read b e c a u s e , w h e n 

the c h i l d g r e w u p , its o w n c h i l d r e n ' s inhe r i t ed selfishness aga ins t i t w o u l d 

d e t r a c t f rom its o w n r e p r o d u c t i v e success . F o r A l e x a n d e r this s p r a n g from his 

c o n v i c t i o n tha t ' t he en t i r e p a r e n t - o f f s p r i n g in t e r ac t i on has e v o l v e d b e c a u s e 

i t bene f i t ed o n e o f the t w o i n d i v i d u a l s — t h e p a r e n t . N o o r g a n i s m c a n e v o l v e 

p a r e n t a l b e h a v i o u r , o r e x t e n d its p a r e n t a l c a r e , unless its o w n r e p r o d u c t i o n 

i s t h e r e b y e n h a n c e d ' ( A l e x a n d e r 1 9 7 4 , p . 340) . A l e x a n d e r w a s , therefore , 

t h i n k i n g f i r m l y w i t h i n the p a r a d i g m o f the selfish o r g a n i s m . H e u p h e l d the 

c e n t r a l t h e o r e m tha t a n i m a l s a c t i n the interests o f the i r o w n inc lus ive f i t ne s s , 

a n d he u n d e r s t o o d this to p r e c l u d e the poss ib i l i ty o f offspring a c t i n g aga ins t 

the i r p a r e n t ' s in teres ts . B u t the lesson I prefer to l ea rn from A l e x a n d e r is tha t 

of the c e n t r a l i m p o r t a n c e of m a n i p u l a t i o n itself, w h i c h I r e g a r d as a violation 

o f the c e n t r a l t h e o r e m . 

I b e l i e v e a n i m a l s e x e r t s t r o n g p o w e r o v e r o t h e r a n i m a l s , a n d tha t 

f r e q u e n t l y an a n i m a l ' s a c t i o n s a re mos t useful ly i n t e rp re t ed as w o r k i n g in the 

interests of another i n d i v i d u a l ' s i n c l u s i v e fitness, r a t he r t han its o w n . L a t e r in 

this b o o k we sha l l d i spense w i t h the use o f the c o n c e p t o f inc lus ive f i t ne s s 

a l t o g e t h e r , a n d the p r i n c i p l e s o f m a n i p u l a t i o n w i l l b e s u b s u m e d u n d e r the 

u m b r e l l a of the e x t e n d e d p h e n o t y p e . B u t for the rest o f this c h a p t e r i t wi l l be 

c o n v e n i e n t t o d i scuss m a n i p u l a t i o n a t the l eve l o f the i n d i v i d u a l o r g a n i s m . 

T h e r e i s an i n e v i t a b l e o v e r l a p he re w i t h a p a p e r w h i c h I w r o t e j o i n t l y 

w i t h J . R . K r e b s on a n i m a l s igna ls a s m a n i p u l a t i o n ( D a w k i n s & K r e b s 

1 9 7 8 ) . Be fo re p r o c e e d i n g , I feel o b l i g e d to a c k n o w l e d g e tha t this p a p e r has 

b e e n s e v e r e l y c r i t i c i z e d b y H i n d e ( 1 9 8 1 ) . S o m e o f his c r i t i c i sms , w h i c h d o 

no t affect the par t s of the p a p e r I w i s h to use he re , a re a n s w e r e d by C a r y l (in 

press) , w h o h a d a l so b e e n c r i t i c i z e d by H i n d e . H i n d e took us to task for 

unfa i rness i n q u o t i n g a p p a r e n t l y g roup - se l ec t i on i s t s t a t emen t s b y T i n b e r g e n 

(1964) a n d o the r s w h o m we l a b e l l e d , for w a n t o f a be t t e r t i t le , c lass ical 

e tho log i s t s . I h a v e s y m p a t h y w i t h this h i s tor ica l c r i t i c i sm. T h e ' g o o d o f the 

spec i e s ' p a s s a g e w h i c h w e q u o t e d f rom T i n b e r g e n w a s a g e n u i n e q u o t a t i o n , 

b u t I a g r e e tha t i t w a s no t t y p i c a l o f T i n b e r g e n ' s ( e .g . 1965) t h i n k i n g a t that 

t i m e . T h e f o l l o w i n g m u c h ea r l i e r q u o t a t i o n from T i n b e r g e n w o u l d , pe rhaps , 

h a v e b e e n a fa i rer o n e for us to h a v e c h o s e n : ' . . . j u s t as the func t ion ing of 

h o r m o n e s a n d the n e r v o u s sys t em imp l i e s no t o n l y the s e n d i n g ou t o f s ignals 

b u t a lso a speci f ic r e spons iveness in the r e a c t i n g o r g a n , so the re leaser sys tem 

i n v o l v e s a speci f ic r e spons iveness to p a r t i c u l a r re leasers in the r e a c t i n g 

i n d i v i d u a l as w e l l as a speci f ic t e n d e n c y to send ou t the s ignals in the 

in i t i a to r . T h e re lease r s y s t e m ties i n d i v i d u a l s in to uni ts o f a s u p e r - i n d i v i d u a l 

o r d e r a n d r ende r s t h e m h i g h e r uni ts sub jec t t o n a t u r a l s e l ec t i on ' ( T i n b e r g e n 

1 9 5 4 ) . E v e n i f o u t r i g h t g r o u p - s e l e c t i o n i s m w a s s t r o n g l y o p p o s e d b y 

T i n b e r g e n a n d mos t of his pup i l s in the e a r l y 1960s, I still th ink that nea r ly 

a l l o f us t h o u g h t o f a n i m a l s igna ls in te rms o f a v a g u e no t ion o f ' m u t u a l 



A r m s Races and Manipulat ion 59 

benef i t ' : i f s ignals w e r e no t a c t u a l l y ' for the g o o d of the s p e c i e s ' (as in the 

un rep re sen t a t i ve q u o t a t i o n from T i n b e r g e n ) , they w e r e ' for the m u t u a l 

benefi t o f bo th s igna l l e r a n d r e c e i v e r ' . T h e e v o l u t i o n o f r i t u a l i z e d s igna l s w a s 

r e g a r d e d a s m u t u a l e v o l u t i o n : e n h a n c e d s i g n a l l i n g p o w e r o n o n e s ide w a s 

a c c o m p a n i e d by inc reased sens i t iv i ty to the s igna l s on the o t h e r s ide . 

T o d a y w e w o u l d r e c o g n i z e tha t i f r e c e i v e r sens i t iv i ty inc reases , s i gna l 

s t rength does not need to i nc rea se bu t , i n s t ead , i s m o r e l i k e l y to d e c r e a s e 

o w i n g t o the a t t e n d a n t costs o f c o n s p i c u o u s o r l o u d s igna l s . T h i s m i g h t b e 

ca l l ed the S i r A d r i a n B o u l t p r i n c i p l e . O n c e , i n r ehea r sa l , S i r A d r i a n t u r n e d 

to the v io l a s a n d told t h e m to p l a y ou t m o r e . ' B u t S i r A d r i a n ' , p ro t e s t ed the 

p r inc ipa l v i o l a , ' y o u w e r e i n d i c a t i n g less a n d less w i t h y o u r b a t o n . ' ' T h e 

i dea ' , re tor ted the m a e s t r o , 'is tha t I shou ld do less a n d less, a n d y o u s h o u l d 

d o m o r e a n d m o r e ! ' I n those cases w h e r e a n i m a l s igna l s r e a l l y a r e o f m u t u a l 

benefi t , t hey w i l l tend to sink to the l eve l of a c o n s p i r a t o r i a l w h i s p e r : i n d e e d 

this m a y often h a v e h a p p e n e d , the r e su l t ing s igna ls b e i n g too i n c o n s p i c u o u s 

for us to h a v e n o t i c e d t h e m . I f s igna l s t r eng th inc reases o v e r the g e n e r a t i o n s 

this sugges ts , on the o t h e r h a n d , tha t the re has b e e n i n c r e a s i n g sa les 

res is tance on the s ide o f the r e c e i v e r ( W i l l i a m s 1 9 6 6 ) . 

A s m e n t i o n e d ear l ie r , a n a n i m a l w i l l no t necessa r i ly s u b m i t p a s s i v e l y t o 

b e i n g m a n i p u l a t e d , a n d a n e v o l u t i o n a r y ' a r m s r a c e ' i s e x p e c t e d t o d e v e l o p . 

A r m s races w e r e the sub jec t o f a s e c o n d j o i n t p a p e r ( D a w k i n s & K r e b s 

1 9 7 9 ) . We w e r e not , o f cour se , the f i r s t t o m a k e the po in t s t ha t fo l l ow in this 

chap t e r , b u t neve r the le s s i t w i l l be c o n v e n i e n t t o q u o t e f rom o u r t w o j o i n t 

pape r s . W i t h pe rmiss ion from Dr K r e b s , I sha l l do so w i t h o u t b r e a k i n g the 

f l o w w i t h r e p e a t e d b i b l i o g r a p h i c c i t a t i ons a n d q u o t a t i o n m a r k s . 

An a n i m a l often needs to m a n i p u l a t e ob jec t s in t he w o r l d a r o u n d it. A 

p i g e o n car r ies t w i g s to its nest . A cut t lef ish b l o w s sand f rom the sea b o t t o m to 

expose p rey . A b e a v e r fells trees a n d , by m e a n s o f its d a m , m a n i p u l a t e s the 

ent i re l a n d s c a p e for mi les a r o u n d its l o d g e . W h e n the o b j e c t an a n i m a l seeks 

to m a n i p u l a t e i s n o n - l i v i n g , or a t least w h e n i t i s no t s e l f -mob i l e , the a n i m a l 

has no c h o i c e b u t to shift i t by b r u t e force . A d u n g bee t l e c a n m o v e a b a l l of 

d u n g on ly b y fo rc ib ly p u s h i n g it. But s o m e t i m e s a n a n i m a l m a y benef i t b y 

m o v i n g a n ' o b j e c t ' w h i c h h a p p e n s , itself, t o b e a n o t h e r l i v i n g a n i m a l . T h e 

ob jec t has musc l e s a n d l imbs o f its o w n , c o n t r o l l e d by a n e r v o u s s y s t e m a n d 

sense o r g a n s . W h i l e i t m a y still be poss ib le to shift such an ' o b j e c t ' by b r u t e 

force, the g o a l m a y often b e m o r e e c o n o m i c a l l y e n g i n e e r e d b y s u b t l e r m e a n s . 

T h e ob j ec t ' s i n t e rna l c h a i n o f c o m m a n d — s e n s e o r g a n s , n e r v o u s sy s t em, 

m u s c l e s — m a y be inf i l t ra ted a n d s u b v e r t e d . A m a l e c r i c k e t does no t 

p h y s i c a l l y roll a f e m a l e a l o n g the g r o u n d a n d in to his b u r r o w . He sits a n d 

sings, a n d the f ema le c o m e s t o h i m u n d e r her o w n p o w e r . F r o m his p o i n t o f 

v i e w this communication i s e n e r g e t i c a l l y m o r e efficient t h a n t r y i n g to t a k e he r 

by force . 

A ques t ion i m m e d i a t e l y ar ises . W h y shou ld the f e m a l e s t and for i t ? S i n c e 
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she i s i n c o n t r o l o f he r o w n musc l e s a n d l i m b s , w h y w o u l d she a p p r o a c h the 

m a l e unless i t i s in h e r g e n e t i c interests to do so? S u r e l y the w o r d 

m a n i p u l a t i o n i s a p p r o p r i a t e o n l y i f the v i c t i m i s u n w i l l i n g ? S u r e l y the m a l e 

c r i c k e t is s i m p l y i n f o r m i n g the f e m a l e of a fact tha t is useful to her , tha t o v e r 

he re i s a r e a d y a n d w i l l i n g m a l e o f he r o w n spec ies . H a v i n g g i v e n her this 

i n f o r m a t i o n , d o e s n ' t he t hen l e a v e i t up to her to a p p r o a c h h i m or not as she 

p leases , o r a s n a t u r a l se l ec t ion has p r o g r a m m e d h e r ? 

W e l l a n d g o o d w h e n m a l e s a n d females h a p p e n t o h a v e i den t i c a l interests, 

b u t e x a m i n e the p r e m i s e o f the last p a r a g r a p h . W h a t ent i t les us to assert tha t 

the f e m a l e i s ' in c o n t r o l o f he r o w n m u s c l e s a n d l i m b s ' ? D o e s n ' t this b e g the 

v e r y q u e s t i o n w e a r e in te res t ed i n ? B y a d v a n c i n g a m a n i p u l a t i o n hypo thes i s 

we a r e , in effect , s u g g e s t i n g tha t the f e m a l e m a y not be in con t ro l o f her o w n 

m u s c l e s a n d l i m b s , a n d tha t the m a l e m a y be . T h i s e x a m p l e c o u l d , o f course , 

b e r e v e r s e d , a n d the f e m a l e b e said t o m a n i p u l a t e the m a l e . T h e po in t b e i n g 

m a d e has no spec i f ic c o n n e c t i o n w i t h s e x u a l i t y . I c o u l d h a v e used the 

e x a m p l e o f p l a n t s , l a c k i n g musc le s o f the i r o w n , u s ing insect musc les a s 

effector o r g a n s to t r anspor t the i r p o l l e n , a n d fue l l ing those musc le s w i t h 

n e c t a r ( H e i n r i c h 1 9 7 9 ) . T h e g e n e r a l po in t i s tha t a n o r g a n i s m ' s l imbs m a y 

be m a n i p u l a t e d to w o r k in the interests o f the g e n e t i c fitness o f a n o t h e r 

o r g a n i s m . T h i s s t a t e m e n t c a n n o t b e m a d e c o n v i n c i n g unt i l l a t e r i n the b o o k 

w h e n w e h a v e i n t r o d u c e d the i d e a o f the e x t e n d e d p h e n o t y p e . F o r this 

c h a p t e r w e a r e sti l l w o r k i n g w i t h i n the p a r a d i g m o f the selfish o r g a n i s m , 

a l b e i t we a r e s t a r t i n g to s t re tch i t so tha t i t c r e a k s o m i n o u s l y a t the edges . 

T h e e x a m p l e o f m a l e a n d f e m a l e c r i c k e t m a y h a v e b e e n p o o r l y chosen , 

b e c a u s e , a s I sa id a b o v e , m a n y o f us h a v e o n l y r ecen t l y b e c o m e used to the 

i d e a o f s e x u a l r e l a t i ons a s a b a t t l e . M a n y o f us h a v e ye t t o a b s o r b in to our 

consc iousness t he fact t ha t ' s e l ec t ion c a n a c t in oppos i t i on on the t w o sexes. 

C o m m o n l y , for a g i v e n t y p e o f e n c o u n t e r , m a l e s wi l l be f a v o u r e d i f they do 

m a t e a n d f ema les i f t hey d o n ' t ' ( P a r k e r 1 9 7 9 ; see also W e s t - E b e r h a r d 1 9 7 9 ) . 

I sha l l r e t u rn to this , b u t for the m o m e n t let us use a s ta rker e x a m p l e of 

m a n i p u l a t i o n . As s t a rk ly ruthless a s a n y ba t t l e in n a t u r e i s tha t b e t w e e n 

p r e d a t o r a n d p r e y . T h e r e a re v a r i o u s t e c h n i q u e s a p r e d a t o r m a y use t o c a t c h 

his p r e y . H e m a y r u n af ter t h e m a n d a t t e m p t t o o u t p a c e , ou t s t ay , o r ou t f lank 

t h e m . H e m a y sit i n o n e p l a c e a n d a m b u s h o r t r ap t h e m . O r h e m a y d o a s 

a n g l e r f i s h a n d ' f e m m e s fa ta les ' f i r e f l i e s ( L l o y d 1 9 7 5 , 1981) d o , a n d 

m a n i p u l a t e the p r e y ' s o w n n e r v o u s sys tem so tha t i t a c t i v e l y a p p r o a c h e s its 

o w n d o o m . A n a n g l e r f i s h sits o n the sea b o t t o m a n d i s h i g h l y c a m o u f l a g e d 

e x c e p t for a l o n g rod p r o j e c t i n g f rom the top of the h e a d , on the end of w h i c h 

i s the ' l u r e ' , a f lex ib le p i e c e of tissue w h i c h r e sembles s o m e a p p e t i z i n g morsel 

s u c h as a w o r m . S m a l l f i sh , p r e y o f the a n g l e r , a re a t t r a c t e d by the lure 

w h i c h r e s e m b l e s the i r o w n p r e y . W h e n they a p p r o a c h i t the a n g l e r ' p l a y s ' 

t h e m d o w n in to the v i c i n i t y o f his m o u t h , then s u d d e n l y opens his j a w s a n d 
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the p rey are engu l f ed i n the in rush o f w a t e r . I n s t e a d o f u s i n g m a s s i v e b o d y 

a n d tai l musc le s in a c t i v e pu r su i t o f p r e y , the a n g l e r uses t he sma l l 

e c o n o m i c a l musc l e s c o n t r o l l i n g his rod , t o t i t i l la te the p r e y ' s n e r v o u s sys t em 

v i a its eyes . F i n a l l y i t i s the p r e y f i sh ' s o w n m u s c l e s t ha t the a n g l e r uses to 

c lose the g a p b e t w e e n t h e m . K r e b s a n d I i n f o r m a l l y c h a r a c t e r i z e d a n i m a l 

' c o m m u n i c a t i o n ' a s a m e a n s b y w h i c h o n e a n i m a l m a k e s use o f a n o t h e r 

a n i m a l ' s m u s c l e p o w e r . T h i s i s r o u g h l y s y n o n y m o u s w i t h m a n i p u l a t i o n . 

T h e s a m e q u e s t i o n arises a s before . W h y does the v i c t i m o f m a n i p u l a t i o n 

s tand for i t? W h y does the p r e y f i s h rush l i t e ra l ly in to the j a w s o f d e a t h ? 

B e c a u s e i t ' t h inks ' i t i s r e a l l y r u s h i n g to ge t a m e a l itself. M o r e f o r m a l l y , 

na tu ra l se lec t ion has a c t e d on its ances to r s , f a v o u r i n g t e n d e n c i e s to a p p r o a c h 

smal l w r i g g l i n g ob jec t s , b e c a u s e sma l l w r i g g l i n g o b j e c t s a re u s u a l l y w o r m s . 

S i n c e they a re no t a l w a y s w o r m s bu t s o m e t i m e s a n g l e r f i s h lures , the re m a y 

we l l be s o m e se lec t ion on p r e y f i sh to be c a u t i o u s , o r t o s h a r p e n up the i r 

power s o f d i s c r i m i n a t i o n . T o the e x t e n t t ha t lu res a re g o o d m i m i c s o f 

w o r m s , w e m a y surmise tha t se l ec t ion has a c t e d o n the a n g l e r f i s h e s ' ances to r s 

t o i m p r o v e t h e m , i n the face o f i m p r o v e d d i s c r i m i n a t i o n by the i r p r e y . S o m e 

p rey are c a u g h t , a n d a n g l e r f i sh do m a k e a l i v i n g , so s o m e m a n i p u l a t i o n i s 

g o i n g on successful ly . 

I t i s c o n v e n i e n t t o use the m e t a p h o r o f an a r m s r a c e w h e n e v e r we h a v e 

progress ive i m p r o v e m e n t s in a d a p t a t i o n s in o n e l i n e a g e , a s an e v o l u t i o n a r y 

response to p rogress ive c o u n t e r - i m p r o v e m e n t s in an e n e m y l i n e a g e . I t i s 

i m p o r t a n t t o r e a l i z e w h o a r e the par t i es t ha t a re ' r a c i n g ' a g a i n s t o n e 

ano the r . T h e y a re not i n d i v i d u a l s b u t l i neages . T o b e sure , i t i s i n d i v i d u a l s 

w h o a t t ack a n d de fend , i n d i v i d u a l s w h o ki l l o r resist b e i n g k i l l ed . B u t the 

a rms r ace takes p l a c e on the e v o l u t i o n a r y t i m e - s c a l e , a n d i n d i v i d u a l s do no t 

e v o l v e . I t i s l i neages tha t e v o l v e , a n d l i neages tha t e x h i b i t p r o g r e s s i v e t rends 

in response to the se lec t ion pressures set up by the p rog re s s ive i m p r o v e m e n t s 

in o the r l i neages . 

O n e l i n e a g e w i l l tend t o e v o l v e a d a p t a t i o n s t o m a n i p u l a t e the b e h a v i o u r 

o f a n o t h e r l i n e a g e , then the s econd l i n e a g e w i l l e v o l v e c o u n t e r - a d a p t a t i o n s . 

W e must o b v i o u s l y b e in te res ted i n a n y g e n e r a l ru les g o v e r n i n g w h e t h e r 

one o r the o the r l i n e a g e c a n ' w i n ' , o r h a v e a bu i l t - in a d v a n t a g e . I t w a s j u s t 

such a bu i l t - in a d v a n t a g e tha t A l e x a n d e r a t t r i b u t e d to p a r e n t s o v e r the i r 

ch i ld r en . A p a r t f rom his m a j o r t h e o r e t i c a l a r g u m e n t w h i c h , a s w e h a v e 

seen, i s n o w not f a v o u r e d , he a lso p l a u s i b l y s u g g e s t e d v a r i o u s p r a c t i c a l 

a d v a n t a g e s of pa ren t s o v e r o f f spr ing : ' . . . the p a r e n t i s b i g g e r a n d s t ronge r 

than the offspring, h e n c e in a be t t e r pos i t ion to i m p o s e its w i l l ' ( A l e x a n d e r 

1 9 7 4 ) . T h i s i s t rue , b u t we mus t no t forget the lesson o f the p r e v i o u s 

p a r a g r a p h , tha t an a r m s r a c e i s r un in e v o l u t i o n a r y t i m e . In a n y o n e 

g e n e r a t i o n the musc le s of a p a r e n t a re s t ronge r t h a n those of its offspr ing, 

and w h o e v e r con t ro l s those musc le s mus t h a v e the u p p e r h a n d . B u t the 



62 A r m s Races and Manipulation 

q u e s t i o n a t issue is, who con t ro l s the p a r e n t s ' m u s c l e s ? As T r i v e r s (1974) says , 

A n offspr ing c a n n o t f l i n g its m o t h e r t o the g r o u n d a t w i l l a n d nurse . . . the 

offspr ing i s e x p e c t e d to e m p l o y p s y c h o l o g i c a l r a t he r t han p h y s i c a l t ac t ics . ' 

K r e b s a n d I s u g g e s t e d tha t a n i m a l s ignals c o u l d be t h o u g h t o f a s 

e m p l o y i n g p s y c h o l o g i c a l t ac t i cs i n r a the r the s a m e w a y a s h u m a n adver t i se 

men t s . A d v e r t i s e m e n t s a r e no t there to in fo rm, o r to mis in fo rm, they are 

there to persuade. T h e a d v e r t i s e r uses his k n o w l e d g e o f h u m a n p s y c h o l o g y , o f 

the h o p e s , fears a n d secre t m o t i v e s o f his t a rge ts , a n d he des igns an 

a d v e r t i s e m e n t w h i c h i s ef fec t ive in m a n i p u l a t i n g thei r b e h a v i o u r . P a c k a r d ' s 

( 1 9 5 7 ) e x p o s e o f the d e e p p s y c h o l o g i c a l t e c h n i q u e s o f c o m m e r c i a l adver t i sers 

m a k e s f a s c i n a t i n g r e a d i n g for the e tho log i s t . A s u p e r m a r k e t m a n a g e r i s 

q u o t e d as s a y i n g ' P e o p l e l ike to see a lot o f m e r c h a n d i s e . W h e n there are 

o n l y th ree o f four c a n s o f a n i t em o n a shelf, t h e y j u s t w o n ' t m o v e . ' T h e 

o b v i o u s a n a l o g y w i t h lek b i rds does not lose its v a l u e m e r e l y b e c a u s e the 

p h y s i o l o g i c a l m e c h a n i s m of the effect wi l l p r o b a b l y p r o v e to be different in 

the t w o cases . H i d d e n c i n e - c a m e r a s r e c o r d i n g the e y e - b l i n k i n g rate o f 

h o u s e w i v e s in a supermarket i n d i c a t e d tha t in s o m e cases the effect of the 

m u l t i p l i c i t y o f b r i g h t - c o l o u r e d p a c k a g e s w a s to i n d u c e a m i ld h y p n o i d a l 

t r ance . 

K. N e l s o n o n c e g a v e a ta lk a t a c o n f e r e n c e , en t i t l ed ' Is b i rd song m u s i c ? 

W e l l , t hen , i s i t l a n g u a g e ? W e l l , then , w h a t i s i t ? ' P e r h a p s b i rd song i s m o r e 

a k i n t o h y p n o t i c p e r s u a s i o n , o r t o a fo rm o f d r u g g i n g . T h e n i g h t i n g a l e ' s song 

i n d u c e d in J o h n K e a t s a d r o w s y n u m b n e s s ' . . . a s t h o u g h o f h e m l o c k I had 

d r u n k ' . M i g h t i t no t h a v e an e v e n m o r e p o w e r f u l effect on the ne rvous 

sys t em o f a n o t h e r n i g h t i n g a l e ? I f n e r v o u s sys tems a re suscep t ib l e t o d rug - l i ke 

in f luences v i a the n o r m a l sense o r g a n s , shou ld w e not pos i t i ve ly e x p e c t tha t 

n a t u r a l se l ec t ion w o u l d h a v e f a v o u r e d the e x p l o i t a t i o n o f such possibi l i t ies , 

w o u l d h a v e f a v o u r e d the d e v e l o p m e n t o f v i s u a l , o l f ac to ry , o r aud i t o ry 

' d r u g s ' ? 

A n e u r o p h y s i o l o g i s t , p r e sen t ed w i t h an a n i m a l w i t h a c o m p l e x ne rvous 

sys t em a n d a sked t o m a n i p u l a t e the a n i m a l ' s b e h a v i o u r , m a y insert 

e l e c t rodes in sens i t ive po in t s o f the b r a i n a n d s t i m u l a t e e l e c t r i c a l l y , o r m a k e 

p i n p o i n t les ions . A n a n i m a l n o r m a l l y does not h a v e d i r e c t access t o the b ra in 

o f a n o t h e r a n i m a l , a l t h o u g h I shal l m e n t i o n o n e e x a m p l e , the so-ca l led 

b r a i n w o r m , in C h a p t e r 1 2 . B u t the eyes a n d ears a re also en t ry por ts to the 

n e r v o u s sy s t em, a n d the re m i g h t b e pa t t e rns o f l igh t o r sound w h i c h , i f 

p r o p e r l y d e p l o y e d , c o u l d be a s effect ive a s d i r ec t e l ec t r i ca l s t i m u l a t i o n . G r e y 

W a l t e r ( 1 9 5 3 ) v i v i d l y i l lus t ra tes the p o w e r o f f l a sh ing l ights t u n e d t o the 

f r e q u e n c y o f h u m a n E E G r h y t h m s : i n o n e case a m a n felt ' a n irresist ible 

u r g e to s t r ang l e the pe r son n e x t t o h i m ' . 

I f w e w e r e a sked t o i m a g i n e w h a t a n ' a u d i t o r y d r u g ' w o u l d sound l ike , say 

for m a k i n g the s o u n d t r a c k o f a s c i ence f ict ion f i lm, w h a t w o u l d w e s a y ? T h e 

incessan t r h y t h m o f a n A f r i c a n d r u m ; the eer ie t r i l l ing o f the tree c r i cke t 
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Oecanthus, o f w h i c h i t has b e e n sa id tha t i f m o o n l i g h t c o u l d be h e a r d tha t i s 

h o w i t w o u l d sound ( q u o t e d i n B e n n e t - C l a r k 1 9 7 1 ) ; o r the s o n g o f the 

n i g h t i n g a l e ? A l l three s t r ike me as w o r t h y c a n d i d a t e s , a n d I b e l i e v e al l th ree 

h a v e been in s o m e sense d e s i g n e d for the s a m e p u r p o s e : the m a n i p u l a t i o n o f 

one ne rvous sys t em by a n o t h e r , in a w a y tha t i s no t in p r i n c i p l e d i f ferent f rom 

m a n i p u l a t i o n o f a n e r v o u s sys tem by a n e u r o p h y s i o l o g i s t ' s e l e c t r o d e s . Of 

course i f an a n i m a l sound p o w e r f u l l y affects a h u m a n n e r v o u s s y s t e m this i s 

p r o b a b l y i n c i d e n t a l . T h e h y p o t h e s i s b e i n g a d v a n c e d i s t h a t s e l ec t ion has 

shaped a n i m a l sounds to m a n i p u l a t e s o m e n e r v o u s sy s t em, no t neces sa r i l y a 

h u m a n one . T h e snort of a p ig- f rog Rana grylio m a y affect a n o t h e r p ig- f rog as 

the n i g h t i n g a l e affected K e a t s , o r the s k y l a r k S h e l l e y . T h e n i g h t i n g a l e h a p 

p e n e d to be a be t t e r e x a m p l e for me to c h o o s e , b e c a u s e h u m a n n e r v o u s 

systems c a n b e m o v e d t o d e e p e m o t i o n b y n i g h t i n g a l e s o n g , w h e r e a s t h e y a r e 

usua l ly m o v e d to l a u g h a t p ig - f rog snorts . 

C o n s i d e r tha t o the r c e l e b r a t e d songs te r , the c a n a r y , s ince m u c h h a p p e n s 

to be k n o w n a b o u t the p h y s i o l o g y o f its r e p r o d u c t i v e b e h a v i o u r ( H i n d e & 

Stee l 1 9 7 8 ) . I f a p h y s i o l o g i s t w a n t s to b r i n g a f e m a l e c a n a r y i n to 

r e p r o d u c t i v e c o n d i t i o n , i nc rease the size o f her f unc t i ona l o v a r y a n d c a u s e 

her t o start n e s t - b u i l d i n g a n d o t h e r r e p r o d u c t i v e b e h a v i o u r p a t t e r n s , the re 

are v a r i o u s th ings h e c a n d o . H e c a n in jec t he r w i t h g o n a d o t r o p i n s o r 

oes t rogens . He c a n use e l ec t r i c l i gh t t o i nc rea se the d a y - l e n g t h tha t she 

expe r i ences . O r , most in t e res t ing ly from o u r p o i n t o f v i e w , he c a n p l a y he r a 

t ape r e c o r d i n g o f m a l e c a n a r y s o n g . I t a p p a r e n t l y has t o b e c a n a r y s o n g ; 

b u d g e r i g a r s o n g wi l l no t d o , a l t h o u g h b u d g e r i g a r s o n g has a s i m i l a r effect on 

female b u d g e r i g a r s . 

N o w suppose a m a l e c a n a r y w a n t e d to b r i n g a f e m a l e i n to r e p r o d u c t i v e 

cond i t i on , w h a t c o u l d he d o ? He does no t h a v e a s y r i n g e to in jec t h o r m o n e s . 

H e c a n n o t s w i t c h o n ar t i f ic ia l l ights i n the f e m a l e ' s e n v i r o n m e n t . O f cou r se 

w h a t he does i s s ing . T h e p a r t i c u l a r p a t t e r n o f sounds tha t he m a k e s enters 

the f ema le ' s h e a d t h r o u g h he r ears , i s t r ans l a t ed in to n e r v e i m p u l s e s , a n d 

bores ins id ious ly in to her p i t u i t a ry . T h e m a l e does no t h a v e t o s y n t h e s i z e a n d 

inject g o n a d o t r o p i n s ; he m a k e s the f e m a l e ' s p i t u i t a r y w o r k t o syn the s i ze 

t h e m for h i m . H e s t imu la t e s he r p i t u i t a r y b y m e a n s o f n e r v e i m p u l s e s . T h e y 

are not ' h i s ' n e r v e impu l se s , in the sense tha t t hey a l l o c c u r w i t h i n the 

female ' s o w n n e r v e ce l l s . B u t t hey a re his in a n o t h e r sense . I t i s his p a r t i c u l a r 

sounds w h i c h are sub t l y fash ioned t o m a k e the f e m a l e ' s n e r v e s w o r k on he r 

p i tu i ta ry . W h e r e a phys io log i s t m i g h t p u m p g o n a d o t r o p i n s i n to the f e m a l e ' s 

breast musc l e , o r e lec t r i c c u r r e n t in to he r b r a i n , the m a l e c a n a r y p o u r s s o n g 

into her ea r . A n d the effect i s the s a m e . S c h l e i d t ( 1 9 7 3 ) discusses o t h e r 

e x a m p l e s o f such ' t o n i c ' effects o f s igna ls on the p h y s i o l o g y o f the r e c e i v e r . 

'Bores ins id ious ly in to her p i t u i t a r y ' m a y b e too m u c h for s o m e r eade r s . 

C e r t a i n l y i t begs i m p o r t a n t ques t i ons . T h e o b v i o u s po in t t ha t w i l l b e m a d e i s 

that the f ema le m a y benef i t f rom the t r an sac t i on as m u c h as the m a l e , in 
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w h i c h case ' i n s i d i o u s l y ' a n d ' m a n i p u l a t i o n ' a re i n a p p r o p r i a t e w o r d s . 

A l t e r n a t i v e l y , i f the re i s a n y ins id ious m a n i p u l a t i o n i t m a y be by the f ema le 

o n the m a l e . M a y b e the f e m a l e ' insists ' u p o n a n e x h a u s t i n g p e r f o r m a n c e o f 

s o n g b y he r m a t e before she w i l l c o m e in to r e p r o d u c t i v e c o n d i t i o n , t he reby 

s e l e c t i n g o n l y the mos t robus t m a l e for a m a t e . I th ink s o m e t h i n g a l o n g those 

l ines i s q u i t e p r o b a b l y the e x p l a n a t i o n o f the e x t r a o r d i n a r i l y h i g h rate o f 

c o p u l a t i o n o b s e r v e d in l a r g e cats ( E a t o n 1 9 7 8 ) . S c h a l l e r ( 1972 ) fo l lowed a 

s a m p l e m a l e l ion for 55 hour s , d u r i n g w h i c h he c o p u l a t e d 157 t imes , w i t h an 

a v e r a g e i n t e r - c o p u l a t i o n i n t e r v a l o f 21 m i n u t e s . O v u l a t i o n in ca t s i s i n d u c e d 

by c o p u l a t i o n . I t s eems p l a u s i b l e tha t the p r o d i g i o u s c o p u l a t i o n rates s h o w n 

by m a l e l ions a re t he e n d p r o d u c t o f a r u n a w a y a r m s r a c e , i n w h i c h females 

insisted o n p r o g r e s s i v e l y m o r e c o p u l a t i o n s before o v u l a t i n g , a n d ma le s w e r e 

se l ec ted for e v e r - i n c r e a s e d s e x u a l s t a m i n a . L i o n c o p u l a t i o n s t a m i n a m i g h t b e 

r e g a r d e d as the b e h a v i o u r a l e q u i v a l e n t of a p e a c o c k ' s ta i l . A ve r s ion of this 

h y p o t h e s i s i s c o m p a t i b l e w i t h tha t o f B e r t r a m ( 1 9 7 8 ) , tha t females h a v e 

d e v a l u e d the c u r r e n c y o f c o p u l a t i o n a s a m e a n s o f r e d u c i n g the o c c u r r e n c e o f 

d i s r u p t i v e m a l e f ights . 

T o c o n t i n u e the q u o t a t i o n f rom T r i v e r s o n p s y c h o l o g i c a l m a n i p u l a t i o n 

tac t i cs tha t c h i l d r e n m i g h t use a g a i n s t the i r p a r e n t s : 

S i n c e an offspr ing w i l l often h a v e be t t e r k n o w l e d g e o f its rea l needs 

t h a n w i l l its pa r en t s , s e l ec t ion shou ld f a v o u r p a r e n t a l a t t en t iveness to 

s igna ls f rom its offspr ing tha t a p p r i z e the p a r e n t of the offspring's 

c o n d i t i o n . . . B u t o n c e such a sys tem has e v o l v e d , the offspring c a n 

b e g i n t o e m p l o y i t ou t o f c o n t e x t . T h e offspring c a n c r y not o n l y w h e n 

i t i s f a m i s h e d b u t a lso w h e n i t m e r e l y w a n t s m o r e food than the 

p a r e n t i s se l ec ted to g i v e . . . S e l e c t i o n wi l l t hen of course favor 

p a r e n t a l a b i l i t y to d i s c r i m i n a t e the t w o uses o f the s igna ls , b u t still 

sub t l e r m i m i c r y a n d d e c e p t i o n b y the offspr ing are a l w a y s possible 

[ T r i v e r s 1 9 7 4 ] . 

W e h a v e a r r i v e d a g a i n a t the m a i n q u e s t i o n ra ised b y a r m s races . A r e there 

a n y g e n e r a l i z a t i o n s w e c a n m a k e a b o u t w h i c h side i s l i ke ly t o ' w i n ' a n a rms 

r a c e ? 

Firs t , w h a t does i t mean to speak of o n e s ide or the o the r ' w i n n i n g ' ? D o e s 

the ' loser ' e v e n t u a l l y go e x t i n c t ? A t t imes this m a y h a p p e n . A b i z a r r e 

poss ib i l i ty i s s u g g e s t e d b y L l o y d a n d D y b a s (1966) for p e r i o d i c a l c i c a d a s 

( S i m o n , 1 9 7 9 , g i v e s a n e n t e r t a i n i n g r ecen t a c c o u n t ) . P e r i o d i c a l c i c a d a s are 

t h ree spec ies of the g e n u s Magicicada. A l l th ree species h a v e t w o var ie t i e s , a 

1 7 - y e a r a n d a 1 3 - y e a r v a r i e t y . E a c h i n d i v i d u a l spends 17 (or 13) yea r s 

f e e d i n g as an u n d e r g r o u n d n y m p h , before e m e r g i n g for a few w e e k s o f adu l t 

r e p r o d u c t i v e l ife, after w h i c h i t d ies . In a n y p a r t i c u l a r a r e a al l life cyc l e s are 

s y n c h r o n i z e d , w i t h the resul t tha t e a c h a r e a e x p e r i e n c e s a c i c a d a p l a g u e 
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eve ry 17 (or 13) y e a r s . T h e func t iona l s i gn i f i c ance o f this i s p r e s u m a b l y tha t 

w o u l d - b e p r eda to r s o r pa ras i t es a re s w a m p e d i n p l a g u e y e a r s a n d s t a r v e d i n 

i n t e r v e n i n g y e a r s . T h e risk t o a n i n d i v i d u a l w h o r e m a i n s s y n c h r o n i z e d i s 

therefore less t han the risk to o n e w h o b r e a k s s y n c h r o n y a n d e m e r g e s , s ay , a 

y e a r ea r ly . B u t g i v e n the a d m i t t e d a d v a n t a g e o f s y n c h r o n y , w h y d i d n ' t the 

c i c a d a s settle on a shor te r life c y c l e t han 17 (or 13) y e a r s , t h e r e b y r e d u c i n g 

the un fo r tuna t e d e l a y before r e p r o d u c t i o n ? L l o y d a n d D y b a s ' s s u g g e s t i o n i s 

that the l o n g life c y c l e i s the end resul t o f an ' e v o l u t i o n a r y r a c e t h r o u g h 

t ime ' w i t h a n o w e x t i n c t p r e d a t o r (or p a r a s i t o i d ) . ' T h i s h y p o t h e t i c a l 

paras i to id p r e s u m a b l y h a d a life c y c l e tha t w a s a l m o s t s y n c h r o n i z e d w i t h , 

and nea r ly e q u a l in l e n g t h to (but a l w a y s s l i gh t ly less t h a n ) , the a n c e s t r a l 

p r o t o p e r i o d i c a l c i c a d a . A s the t h e o r y g o e s , the c i c a d a s f i n a l l y o u t r a n the i r 

paras i to id pu r sue r a n d the p o o r s p e c i a l i z e d beas t w e n t e x t i n c t ' ( S i m o n 

1 9 7 9 ) . I n g e n i o u s l y , L l o y d a n d D y b a s g o fur ther a n d sugges t t h a t the a r m s 

r ace c u l m i n a t e d in life c y c l e s l a s t ing a p r i m e n u m b e r o f y e a r s ( 1 3 o r 17) 

b e c a u s e o t h e r w i s e a p r e d a t o r w i t h a shor te r life c y c l e m i g h t s y n c h r o n i z e w i t h 

the c i c a d a s e v e r y s econd o r e v e r y th i rd t ime a r o u n d ! 

T h e r e i s r e a l l y no n e e d for the ' loser ' l i n e a g e o f an a r m s r a c e t o go e x t i n c t , 

as sugges ted for the c i c a d a pa ra s i t o id . I t m a y be t h a t the ' w i n n e r ' i s such a 

rare species tha t i t cons t i tu tes a r e l a t i v e l y n e g l i g i b l e risk to i n d i v i d u a l s of the 

' loser ' spec ies . T h e w i n n e r o n l y w i n s in the sense tha t its a d a p t a t i o n s a g a i n s t 

the loser a re no t e f fec t ive ly c o u n t e r e d . T h i s i s g o o d for i n d i v i d u a l s o f the 

w i n n e r l i n e a g e , b u t i t m a y no t be v e r y b a d for i n d i v i d u a l s o f the loser l i n e a g e 

w h o , after a l l , a re r u n n i n g o t h e r races s i m u l t a n e o u s l y a g a i n s t o t h e r l i n e a g e s , 

possibly v e r y successful ly . 

T h i s ' r a r e - e n e m y effect ' i s a n i m p o r t a n t e x a m p l e o f a n a s y m m e t r y i n 

se lect ion pressures a c t i n g o n the t w o sides o f a n a r m s r a c e . A l t h o u g h w e g a v e 

no formal m o d e l s , K r e b s a n d I c o n s i d e r e d o n e s u c h a s y m m e t r y q u a l i t a t i v e l y 

unde r the c a t c h p h r a s e h e a d i n g o f the ' l i f e /d inne r p r i n c i p l e ' , n a m e d after a 

fable o f A e s o p w h i c h w a s c a l l e d t o o u r a t t e n t i o n b y M . S l a t k i n : ' T h e r a b b i t 

runs faster t han the fox, b e c a u s e the r a b b i t i s r u n n i n g for his life w h i l e the fox 

i s o n l y r u n n i n g for his d i n n e r . ' T h e g e n e r a l po in t he r e i s tha t for an a n i m a l 

on o n e side o f the a r m s r a c e the p e n a l t y o f fa i lure i s m o r e s e v e r e t h a n for an 

a n i m a l on the o t h e r s ide o f the a r m s r a c e . M u t a t i o n s t ha t m a k e foxes r u n 

m o r e s l o w l y t han r abb i t s m i g h t therefore s u r v i v e i n the fox g e n e - p o o l l o n g e r 

than m u t a t i o n s tha t c ause r a b b i t s t o run s l o w l y c a n e x p e c t t o s u r v i v e in the 

r a b b i t g e n e - p o o l . A fox m a y r e p r o d u c e after b e i n g o u t r u n by a r a b b i t . No 

rabb i t has eve r r e p r o d u c e d after b e i n g o u t r u n by a fox . F o x e s m a y the re fore 

be be t te r a b l e t han r abb i t s t o d i v e r t resources a w a y f rom a d a p t a t i o n s for 

r u n n i n g fast a n d in to o t h e r a d a p t a t i o n s ; r abb i t s therefore a p p e a r to ' w i n ' the 

a rms r ace as far as r u n n i n g speed i s c o n c e r n e d . T h e p o i n t i s r e a l l y o n e a b o u t 

a s y m m e t r i e s in s t rengths o f se l ec t ion pressure . 

P r o b a b l y the s imples t a s y m m e t r y arises f rom w h a t I h a v e j u s t c a l l e d the 
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r a r e - e n e m y effect, w h e r e o n e side in the a r m s r a c e i s r a re e n o u g h to exer t a 

r e l a t i v e l y n e g l i g i b l e i n f luence o n a n y g i v e n i n d i v i d u a l o n the o the r s ide. T h i s 

c a n b e i l l u s t r a t ed b y the a n g l e r f i s h e x a m p l e a g a i n , a n d the e x a m p l e has the 

a d d i t i o n a l m e r i t o f s h o w i n g tha t the re i s n o necessa ry reason w h y p r e y 

( ' r abb i t s ' ) s h o u l d c o m e ou t ' a h e a d ' o f p r eda to r s ( ' f oxes ' ) . A s s u m e tha t ang l e r 

f i sh a re r a t h e r r a re , so h o w e v e r u n p l e a s a n t i t m a y be for an i n d i v i d u a l p rey 

to be c a u g h t by an a n g l e r f i sh , the risk o f this h a p p e n i n g to a r a n d o m l y 

d e s i g n a t e d i n d i v i d u a l i s no t h i g h . A n y a d a p t a t i o n costs s o m e t h i n g . F o r a 

sma l l f i sh to d i s c r i m i n a t e a n g l e r f i sh lures f rom rea l w o r m s i t needs 

s o p h i s t i c a t e d v i s u a l p r o c e s s i n g a p p a r a t u s . T o m a k e this a p p a r a t u s m a y cost 

i t r e sources w h i c h c o u l d o t h e r w i s e h a v e b e e n p u t i n to , say g o n a d s (see 

C h a p t e r 3 ) . T h e n a g a i n , u s i n g the a p p a r a t u s takes t ime , w h i c h c o u l d h a v e 

b e e n spen t on c o u r t i n g females o r d e f e n d i n g a te r r i tory , o r i n d e e d chas ing 

the p r e y i f i t i s j u d g e d to be a r ea l w o r m . F i n a l l y , a f ish tha t is v e r y 

c a u t i o u s a b o u t a p p r o a c h i n g w o r m - l i k e ob jec t s m a y c u t its risk o f b e i n g 

e a t e n , b u t i t a l so increases its risk o f s t a r v i n g . T h i s i s b e c a u s e i t m a y a v o i d 

m a n y pe r f ec t l y g o o d w o r m s b e c a u s e t hey might h a v e been a n g l e r f i sh lures. I t 

m a y w e l l b e t ha t the b a l a n c e o f costs a n d benef i ts f avours c o m p l e t e 

recklessness on the p a r t o f s o m e p r e y a n i m a l s . I n d i v i d u a l s tha t always try to 

ea t s m a l l w r i g g l i n g ob j ec t s , a n d d a m n the c o n s e q u e n c e s , m a y , o n a v e r a g e , 

d o be t t e r t h a n i n d i v i d u a l s t ha t p a y the costs o f a t t e m p t i n g t o d i s c r imina t e 

r ea l w o r m s f rom a n g l e r f i s h lu res . W i l l i a m J a m e s m a d e m u c h the s a m e poin t 

i n 1 9 1 0 : ' T h e r e a re m o r e w o r m s u n a t t a c h e d t o hooks t h a n i m p a l e d u p o n 

t h e m ; the re fore , o n the w h o l e , says N a t u r e t o he r f i s h y c h i l d r e n , b i te a t e v e r y 

w o r m a n d t a k e y o u r c h a n c e s ' ( quo t ed b y S t a d d o n i n press) . 

N o w l o o k a t i t f rom the p o i n t o f v i e w o f the a n g l e r fish. It , too , needs to 

s p e n d r e sources on a p p a r a t u s t o o u t w i t its o p p o n e n t s i n the a rms r ace . T h e 

resources t ha t g o in to m a k i n g a lure c o u l d h a v e b e e n p u t in to g o n a d s . T h e 

t i m e spen t s i t t ing mo t ion le s s w a i t i n g p a t i e n t l y for p r e y c o u l d h a v e been 

spen t in a c t i v e l y s e a r c h i n g for a m a t e . B u t the a n g l e r f i sh abso lu t e ly 

d e p e n d s on the success o f its lu re for s u r v i v a l . An a n g l e r f i sh tha t i s not w e l l 

e q u i p p e d to lu re p r e y w i l l s t a rve . A p r e y f i sh tha t i s no t w e l l e q u i p p e d to 

a v o i d b e i n g l u r e d m a y run o n l y a sma l l risk o f b e i n g e a t e n , a n d m a y m o r e 

t h a n c o m p e n s a t e for the risk by s a v i n g the cos t o f m a k i n g a n d us ing the 

e q u i p m e n t . 

In this e x a m p l e the a n g l e r w i n s the a r m s r a c e a g a i n s t its p r ey , s imply 

b e c a u s e its s ide of the a r m s r a c e cons t i tu tes a r e l a t i v e l y n e g l i g i b l e th rea t to 

a n y g i v e n i n d i v i d u a l o f the o t h e r s ide , t h r o u g h b e i n g ra re . T h i s does not, by 

the w a y , m e a n tha t se l ec t ion w i l l f a v o u r p r e d a t o r s tha t t ake steps t o be rare , 

o r to cons t i t u t e a s m a l l t h rea t to the i r p r e y ! W i t h i n the a n g l e r f i sh 

p o p u l a t i o n s e l ec t i on w i l l f a v o u r those i n d i v i d u a l s w h o a re the most efficient 

ki l lers a n d the mos t pro l i f ic c o n t r i b u t o r s to r e d u c i n g the ra r i ty o f the i r species . 

B u t the a n g l e r fish l i n e a g e m a y ' k e e p a h e a d ' i n the a r m s r a c e aga ins t their 
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prey , s i m p l y a s an i n c i d e n t a l c o n s e q u e n c e o f b e i n g ra re for s o m e o t h e r r ea son , 

rare in spi te of a l l the i r efforts. 

In a d d i t i o n , the re a re l ike ly to be f r e q u e n c y - d e p e n d e n t effects for v a r i o u s 

reasons (S la tk in & M a y n a r d S m i t h 1 9 7 9 ) . F o r i n s t a n c e , a s i n d i v i d u a l s on 

one side in an a rms r a c e , say a n g l e r fish, b e c o m e ra re r , t h e y w i l l cons t i t u t e a 

s tead i ly w e a k e r t h rea t t o i n d i v i d u a l s on the o t h e r s ide o f the a r m s r a c e . 

T h e r e f o r e i n d i v i d u a l s on the o t h e r s ide w i l l be s e l ec t ed to shift p r e c i o u s 

resources a w a y f rom a d a p t a t i o n s c o n c e r n e d w i t h this p a r t i c u l a r a r m s r a c e . 

In the present e x a m p l e , p r e y fish a re se l ec ted to shift r e sources a w a y f rom 

an t i - ang l e r a d a p t a t i o n s a n d i n to o t h e r th ings such a s g o n a d s , pos s ib ly to the 

ex ten t o f to ta l recklessness a s sugges t ed a b o v e . T h i s w i l l m a k e life eas ie r for 

i n d i v i d u a l ang le r s , w h o w i l l therefore b e c o m e m o r e n u m e r o u s . A n g l e r s w i l l 

then c o m e to cons t i tu t e a severe r t h rea t to the p r e y fish, w h o w i l l t hen be 

se lec ted to shift r esources b a c k in to a n t i - a n g l e r a d a p t a t i o n s . As u s u a l i n such 

a r g u m e n t s , w e d o no t h a v e t o i m a g i n e a n o sc i l l a t i on . T h e r e m a y , i n s t ead , b e 

an e v o l u t i o n a r i l y s tab le e n d p o i n t to the a r m s r a c e ; s t ab l e , t ha t is, un t i l an 

e n v i r o n m e n t a l c h a n g e shifts the r e l e v a n t costs a n d benef i t s . 

O b v i o u s l y , unt i l we k n o w a g r e a t d e a l m o r e a b o u t costs a n d benef i ts i n the 

field, w e c a n n o t p r e d i c t the o u t c o m e o f p a r t i c u l a r a r m s r ace s . F o r p resen t 

purposes this does no t m a t t e r . A l l we need i s to satisfy ou r se lves t ha t in a n y 

p a r t i c u l a r a r m s r a c e i n d i v i d u a l s o n o n e side m a y h a v e m o r e t o lose t h a n 

i nd iv idua l s on the o the r s ide . T h e r a b b i t has his life to lose, t he fox o n l y has 

his d inner . T h e i n c o m p e t e n t a n g l e r f i s h d i e s ; the i n c o m p e t e n t a v o i d e r o f 

ang l e r f i sh o n l y runs a t iny risk o f d y i n g , a n d m a y , by s a v i n g costs , e n d up 

be t te r off t h a n the ' c o m p e t e n t ' p r e y f i sh . 

W e o n l y h a v e t o a c c e p t the g e n e r a l p l a u s i b i l i t y o f s u c h a s y m m e t r i e s i n 

o rde r t o a n s w e r the q u e s t i o n ra ised b y o u r d iscuss ion o f m a n i p u l a t i o n . W e 

a g r e e d tha t i f o n e o r g a n i s m c o u l d ge t a w a y w i t h m a n i p u l a t i n g the n e r v o u s 

sys tem o f a n o t h e r , a n d e x p l o i t i n g its m u s c l e p o w e r , s e l ec t ion w o u l d f a v o u r 

such m a n i p u l a t i o n . B u t w e w e r e b r o u g h t u p shor t b y the re f l ec t ion tha t 

se lect ion w o u l d also f a v o u r res i s tance t o b e i n g m a n i p u l a t e d . S h o u l d w e , 

then , r ea l ly e x p e c t t o see effect ive m a n i p u l a t i o n i n n a t u r e ? T h e l i f e /d inne r 

p r inc ip l e , a n d o the r such p r inc ip l e s a s the r a r e - e n e m y effect , p r o v i d e us w i t h 

an answer . I f the i n d i v i d u a l m a n i p u l a t o r has m o r e to lose by fa i l ing to 

m a n i p u l a t e t h a n the i n d i v i d u a l v i c t i m has to lose by f a i l i ng to resist 

m a n i p u l a t i o n , w e shou ld e x p e c t t o see successful m a n i p u l a t i o n i n n a t u r e . W e 

should e x p e c t t o see a n i m a l s w o r k i n g in the interests o f o t h e r a n i m a l s ' g e n e s . 

B r o o d paras i t i sm p r o v i d e s w h a t m a y be the mos t s t r ik ing e x a m p l e . A 

pa ren t b i rd such as a reed w a r b l e r sweeps a c o p i o u s f low of food from a l a r g e 

c a t c h m e n t a r e a in to the n a r r o w funnel of its nest . T h e r e i s a l i v i n g to be 

m a d e by a n y c r e a t u r e tha t e v o l v e s the neces sa ry a d a p t a t i o n s to inser t i t se l f i n 

the funnel a n d in t e r cep t the f low. T h a t i s w h a t c u c k o o s a n d o t h e r b r o o d 

paras i tes h a v e d o n e . B u t the reed w a r b l e r i s no t an u n c o m p l a i n i n g 



68 A r m s Races and Manipulat ion 

c o r n u c o p i a o f free food . I t i s an a c t i v e , c o m p l e x m a c h i n e , w i t h sense o rgans , 

musc l e s a n d a b r a i n . T h e b r o o d pa ras i t e mus t not o n l y h a v e its b o d y inserted 

in the hos t ' s nest . I t mus t a lso inf i l t ra te the de fences of the host ' s ne rvous 

sy s t em, a n d its por ts o f e n t r y a re the host ' s sense o r g a n s . T h e c u c k o o uses key 

s t imul i t o u n l o c k the hos t ' s m a c h i n e r y o f p a r e n t a l c a r e a n d s u b v e r t it. 

T h e a d v a n t a g e s o f the b r o o d - p a r a s i t e w a y o f life a re s o manifes t tha t t oday 

w e a r e t a k e n a b a c k t o f i n d H a m i l t o n a n d O r i a n s n e e d i n g , i n 1965 , t o defend 

the p r o p o s i t i o n tha t i t has b e e n f a v o u r e d by n a t u r a l se l ec t ion , aga ins t 

theor ies o f ' d e g e n e r a t i v e b r e a k d o w n ' o f n o r m a l b r e e d i n g b e h a v i o u r . 

H a m i l t o n a n d O r i a n s w e n t on to p r o v i d e a sa t i s fy ing d iscuss ion o f the 

p r o b a b l e e v o l u t i o n a r y o r ig ins o f b r o o d pa ras i t i sm, the p r e a d a p t a t i o n s w h i c h 

p r e c e d e d its e v o l u t i o n , a n d the a d a p t a t i o n s w h i c h h a v e a c c o m p a n i e d its 

e v o l u t i o n . 

O n e o f these a d a p t a t i o n s i s e g g m i m i c r y . T h e pe r fec t ion o f e g g m i m i c r y , i n 

a t least s o m e ' g e n t e s ' o f c u c k o o , s h o w s tha t foster pa ren t s a re po t en t i a l l y 

c a p a b l e o f k e e n - e y e d d i s c r i m i n a t i o n aga ins t in te r lopers . T h i s o n l y under l ines 

the m y s t e r y o f w h y c u c k o o hosts seem to be so p o o r a t d i s c r i m i n a t i n g agains t 

c u c k o o nes t l ings . H a m i l t o n a n d O r i a n s (1965) express the p r o b l e m v i v i d l y : 

' Y o u n g b r o w n - h e a d e d c o w b i r d s a n d E u r o p e a n C u c k o o s , a s t hey r e a c h their 

m a x i m u m d i m e n s i o n , d w a r f the i r foster pa ren t s . C o n s i d e r the l ud ic rous s ight 

of a t iny G a r d e n W a r b l e r . . . [ L a t i n n a m e leaves e x a c t species in tended un

c lea r ] s t a n d i n g a t o p a c u c k o o to r each the m o u t h o f the g a p i n g paras i te . W h y 

does not the G a r d e n W a r b l e r take the a d a p t i v e m e a s u r e o f a b a n d o n i n g the 

nes t l ing p r e m a t u r e l y , e spec ia l ly w h e n to the h u m a n obse rve r i t is so c lear ly 

iden t i f i ab le? ' W h e n a pa ren t is a sma l l f ract ion of the size of the nest l ing it is 

f eed ing , the most r u d i m e n t a r y eyes igh t should suffice to show that someth ing 

has g o n e ser iously w r o n g w i t h the n o r m a l pa ren ta l process . Y e t , a t the same 

t ime , the ex i s t ence o f e g g m i m i c r y shows that hosts a re c a p a b l e o f fastidious 

d i s c r i m i n a t i o n , m a k i n g use o f keen eyes igh t . H o w a re we to exp la in this para

d o x (see a lso Z a h a v i 1979)? 

O n e fact t ha t he lps to r e d u c e the m y s t e r y i s tha t the re mus t be s t ronger 

s e l ec t ion p ressure on hosts to d i s c r i m i n a t e aga ins t c u c k o o s a t the e g g s tage 

t han a g a i n s t c u c k o o s a t the nes t l i ng s t age , s i m p l y b e c a u s e eggs o c c u r ear l ier . 

T h e benef i t o f d e t e c t i n g a c u c k o o e g g i s the p o t e n t i a l g a i n i n g o f an ent ire 

b r e e d i n g c y c l e i n the fu ture . T h e benef i t o f d e t e c t i n g a n e a r l y f l edged c u c k o o 

is the s a v i n g of o n l y a few d a y s , a t a t ime w h e n i t m a y be too la te to b reed 

a g a i n a n y w a y . A n o t h e r m i t i g a t i n g c i r c u m s t a n c e i n the case o f Cuculus 

canorus ( L a c k 1968) is tha t the host ' s o w n y o u n g is u s u a l l y no t there for 

s i m u l t a n e o u s c o m p a r i s o n , h a v i n g b e e n t ipped ou t by the b a b y c u c k o o . I t i s 

w e l l k n o w n tha t d i s c r i m i n a t i o n is eas ie r i f there is a m o d e l a c t u a l l y present 

for c o m p a r i s o n . 

V a r i o u s a u t h o r s h a v e i n v o k e d the ' s u p e r n o r m a l s t i m u l u s ' , i n o n e form o r 

a n o t h e r . T h u s L a c k r e m a r k s (p . 88) tha t ' the y o u n g c u c k o o , w i t h its h u g e 
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g a p e a n d loud b e g g i n g c a l l , has e v i d e n t l y e v o l v e d i n e x a g g e r a t e d form the 

s t imuli w h i c h e l ic i t the f e e d i n g response o f p a r e n t passe r ine b i rds . So m u c h i s 

this so tha t there a re m a n y r eco rds of a d u l t passe r ine b i rds f e e d i n g a f ledged 

y o u n g C. canorus ra ised by a different host s p e c i e s ; this, l ike l ips t ick in the 

cour t sh ip o f m a n k i n d , d e m o n s t r a t e s successful e x p l o i t a t i o n b y m e a n s o f a 

" s u p e r - s t i m u l u s " . ' W i c k l e r (1968) m a k e s a s imi l a r p o i n t , q u o t i n g H e i n r o t h 

as h a v i n g referred to foster pa ren t s as b e h a v i n g l ike ' a d d i c t s ' , a n d to the 

c u c k o o nes t l ing as a ' v i c e of its foster p a r e n t s ' . As i t s t ands , this k ind of 

sugges t ion wi l l s t r ike m a n y cr i t ics a s unsa t i s fy ing , b e c a u s e i t i m m e d i a t e l y 

p r o m p t s a ques t i on a t least as b i g as the o n e i t a n s w e r s . W h y d o e s n ' t 

se lect ion e l i m i n a t e from the host spec ies the t e n d e n c y to be ' a d d i c t e d ' to 

' s u p e r n o r m a l s t i m u l i ' ? 

T h i s , o f cour se , i s w h e r e the a r m s r a c e c o n c e p t c o m e s in a g a i n . W h e n a 

h u m a n b e h a v e s in a w a y tha t i s man i fes t ly b a d for h i m , for i n s t a n c e w h e n he 

c o n t i n u a l l y takes po i son , w e m a y e x p l a i n his b e h a v i o u r i n a t leas t t w o w a y s . 

He m a y not r e a l i z e tha t the s u b s t a n c e tha t he i s d r i n k i n g i s po i son , so c lo se ly 

does i t r e s e m b l e a g e n u i n e l y nu t r i tous s u b s t a n c e . T h i s c o r r e s p o n d s to the 

host b i rd ' s b e i n g fooled b y the c u c k o o ' s e g g m i m i c r y . O r h e m a y b e u n a b l e 

t o save h i m s e l f b e c a u s e o f s o m e d i r ec t s u b v e r t i n g i n f l u e n c e o f the p o i s o n on 

his ne rvous sys t em. S u c h i s the case o f the he ro in a d d i c t w h o k n o w s the d r u g 

i s k i l l ing h i m , bu t w h o c a n n o t s top t a k i n g i t b e c a u s e the d r u g i t se l f con t ro l s 

his n e r v o u s sys t em. W e h a v e a l r e a d y seen tha t the c u c k o o nes t l i ng ' s l ips t ick

l ike g a p e is r e g a r d e d as a s u p e r n o r m a l s t imu lus , a n d tha t foster p a r e n t s h a v e 

been desc r ibed a s a p p a r e n t l y ' a d d i c t e d ' t o the s u p e r n o r m a l s t i m u l u s . C o u l d 

i t be tha t the host c a n no m o r e resist the s u p e r n o r m a l m a n i p u l a t i v e p o w e r o f 

the c u c k o o nes t l ing than the j u n k i e c a n resist his f ix , o r t h a n the b r a i n w a s h e d 

pr isoner c a n resist the o rders o f his c a p t o r , h o w e v e r m u c h i t w o u l d benef i t 

h im t o d o so? P e r h a p s c u c k o o s h a v e p u t the i r a d a p t i v e e m p h a s i s o n m i m e t i c 

d e c e p t i o n a t the e g g s t age , b u t on pos i t ive m a n i p u l a t i o n o f the hos t ' s n e r v o u s 

sys tem a t the l a t e nes t l ing s t age . 

A n y n e r v o u s sys tem c a n b e s u b v e r t e d i f t r ea t ed i n the r i gh t w a y . A n y 

e v o l u t i o n a r y a d a p t a t i o n o f the host n e r v o u s sys t em to resist m a n i p u l a t i o n by 

c u c k o o nes t l ings l ays i t se l f o p e n t o c o u n t e r - a d a p t a t i o n b y the c u c k o o s . 

Se lec t ion a c t i n g o n c u c k o o s w i l l w o r k t o find w h a t e v e r c h i n k s the re m a y b e 

i n the hosts ' n e w l y e v o l v e d p s y c h o l o g i c a l a r m o u r . Hos t b i rds m a y b e v e r y 

g o o d a t resis t ing p s y c h o l o g i c a l m a n i p u l a t i o n , b u t c u c k o o s m i g h t b e c o m e 

e v e n be t te r a t m a n i p u l a t i n g . A l l we need to pos tu l a t e i s tha t , for s o m e reason 

such as tha t sugges t ed by the l i f e /d inner p r i n c i p l e o r the r a r e - e n e m y effect, 

c u c k o o s h a v e w o n the a r m s r a c e : a c u c k o o in the nest has got to m a n i p u l a t e 

its host successful ly or i t w i l l su re ly d i e ; its i n d i v i d u a l fos t e r -pa ren t w i l l 

benefi t s o m e w h a t i f i t resists m a n i p u l a t i o n , b u t i t still has a g o o d c h a n c e of 

future r e p r o d u c t i v e success in o t h e r y e a r s e v e n i f i t fails to resist this 

pa r t i cu l a r c u c k o o . M o r e o v e r , c u c k o o s m i g h t be suff ic ient ly ra re t ha t the risk 
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of an i n d i v i d u a l o f the foster spec ies b e i n g pa r a s i t i z ed i s l o w ; conve r se ly the 

' r isk ' of an i n d i v i d u a l c u c k o o ' s b e i n g a pa ras i t e i s 100 per cen t , no m a t t e r 

h o w c o m m o n o r r a r e e i the r p a r t y t o the a r m s r a c e m a y be . T h e c u c k o o i s 

d e s c e n d e d f rom a l ine o f ances to rs , e v e r y s ing le o n e o f w h o m has successful ly 

fooled a host . T h e host i s d e s c e n d e d from a l ine of ances to rs , m a n y of w h o m 

m a y n e v e r h a v e e n c o u n t e r e d a c u c k o o i n thei r l ives , o r m a y h a v e r e p r o d u c e d 

successfu l ly af ter b e i n g pa r a s i t i z ed by a c u c k o o . T h e a rms r a c e c o n c e p t 

c o m p l e t e s the c lass ica l s u p e r n o r m a l s t imulus e x p l a n a t i o n , by p r o v i d i n g a 

func t i ona l a c c o u n t o f the host ' s m a l a d a p t i v e b e h a v i o u r , ins tead o f l e a v i n g i t 

a s a n u n e x p l a i n e d l i m i t a t i o n o f the n e r v o u s sys t em. 

I n o n e r e spec t m y t r e a t m e n t o f c u c k o o s a s m a n i p u l a t o r s m a y b e found 

unsa t i s fy ing . T h e c u c k o o is, after a l l , o n l y d i v e r t i n g the n o r m a l pa ren t a l 

b e h a v i o u r o f its host . I t has no t s u c c e e d e d in b u i l d i n g in to the host 's 

b e h a v i o u r a l r epe r to i r e a w h o l e n e w b e h a v i o u r pa t t e rn tha t w a s not there , in 

s o m e form, be fo re . S o m e m i g h t find a n a l o g i e s w i t h d r u g s , h y p n o t i s m a n d 

e l e c t r i c a l s t i m u l a t i o n o f the b r a i n m o r e pe r suas ive i f a n e x a m p l e o f this m o r e 

e x t r e m e k i n d of m a n i p u l a t i o n c o u l d be found . A poss ib le case i s the 

' p r e e n i n g i n v i t a t i o n ' d i s p l a y o f a n o t h e r b r o o d pa ras i t e , the b r o w n - h e a d e d 

c o w b i r d Molothrus ater ( R o t h s t e i n 1980) . A l l o p r e e n i n g , the p r e e n i n g of one 

i n d i v i d u a l by a n o t h e r , i s no t u n c o m m o n w i t h i n v a r i o u s spec ies o f b i rds . I t i s 

no t p a r t i c u l a r l y su rp r i s ing , therefore , tha t c o w b i r d s shou ld succeed in 

g e t t i n g o t h e r b i rds o f s eve ra l spec ies to p r een t h e m . A g a i n , this c a n be seen a s 

a s i m p l e d i v e r s i o n of in t raspec i f ic a l l o p r e e n i n g , w i t h the c o w b i r d p r o v i d i n g a 

s u p e r n o r m a l e x a g g e r a t i o n o f the n o r m a l e l i c i t i ng s t imul i for a l l o p r e e n i n g . 

W h a t i s r a t h e r su rp r i s ing i s tha t c o w b i r d s m a n a g e to ge t t hemse lves p reened 

b y spec ies t ha t n e v e r e n g a g e i n in t raspec i f ic a l l o p r e e n i n g . 

T h e d r u g a n a l o g y i s e s p e c i a l l y a p t for insect ' c u c k o o s ' tha t use c h e m i c a l 

m e a n s to c o e r c e the i r hosts in to acts tha t a re p r o f o u n d l y d a m a g i n g to their 

o w n i n c l u s i v e f i t n e s s . S e v e r a l spec ies o f an t h a v e n o w o r k e r s o f their o w n . 

T h e q u e e n s i n v a d e nests o f o t h e r species , d ispose o f the host q u e e n , and use 

the host w o r k e r s t o b r i n g u p thei r o w n r e p r o d u c t i v e y o u n g . T h e m e t h o d o f 

d i s p o s i n g o f the host q u e e n va r i e s . In s o m e spec ies , such as the desc r ip t ive ly 

n a m e d Bothriomyrmex regicidus a n d B. decapitans, the paras i t e q u e e n rides 

a b o u t on the b a c k o f the host q u e e n a n d then , i n W i l s o n ' s ( 1 9 7 1 ) de l ight fu l 

d e s c r i p t i o n , ' b e g i n s the o n e a c t for w h i c h she i s u n i q u e l y s p e c i a l i z e d : s lowly 

c u t t i n g off the h e a d o f he r v i c t i m ' (p . 3 6 3 ) . 

Monomorium santschii a c h i e v e s the s a m e result by m o r e sub t le m e a n s . T h e 

host w o r k e r s h a v e w e a p o n s w i e l d e d b y s t rong musc l e s , a n d ne rves a t t a c h e d 

t o the m u s c l e s ; w h y s h o u l d the paras i t e q u e e n exe r t her o w n j a w s i f she c a n 

s u b v e r t the n e r v o u s sys tems c o n t r o l l i n g the n u m e r o u s j a w s o f the host 

w o r k e r s ? I t does no t seem to be k n o w n h o w she a c h i e v e s it, b u t she d o e s : the 

host w o r k e r s ki l l the i r o w n m o t h e r a n d a d o p t the usurper . A c h e m i c a l 
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secre ted b y the pa ras i t e q u e e n seems the l ike ly w e a p o n , i n w h i c h case i t m i g h t 

be l a b e l l e d a p h e r o m o n e , b u t i t i s p r o b a b l y m o r e i l l u m i n a t i n g to t h ink of i t 

a s a f o r m i d a b l y p o w e r f u l d r u g . In l ine w i t h this i n t e r p r e t a t i o n , W i l s o n ( 1 9 7 1 , 

p . 4 1 3 ) wr i tes o f s y m p h y l i c subs t ances a s b e i n g ' m o r e t h a n j u s t e l e m e n t a r y 

nu t r i t ive subs tances o r e v e n a n a l o g u e s o f the n a t u r a l hos t p h e r o m o n e s . 

S e v e r a l au tho r s h a v e s p o k e n o f a n a r c o t i z i n g effect o f s y m p h y l i c s u b s t a n c e s . ' 

W i l s o n also uses the w o r d ' i n t o x i c a n t ' a n d q u o t e s a case in w h i c h w o r k e r an t s 

unde r the in f luence o f such a subs t ance b e c a m e t e m p o r a r i l y d i s o r i e n t e d a n d 

less sure of the i r foo t ing . 

T h o s e w h o h a v e n e v e r b e e n b r a i n w a s h e d o r a d d i c t e d t o a d r u g f i nd i t 

ha rd t o u n d e r s t a n d thei r fe l low m e n w h o a re d r i v e n b y s u c h c o m p u l s i o n s . I n 

the s a m e n a i v e w a y we c a n n o t u n d e r s t a n d a host b i r d ' s b e i n g c o m p e l l e d to 

feed a n a b s u r d l y o v e r s i z e d c u c k o o , o r w o r k e r ants w a n t o n l y m u r d e r i n g the 

on ly b e i n g in the w h o l e w o r l d tha t i s v i t a l to the i r g e n e t i c success . B u t s u c h 

s u b j e c t i v e fee l ings a r e m i s l e a d i n g , e v e n w h e r e the r e l a t i v e l y c r u d e 

a c h i e v e m e n t s o f h u m a n p h a r m a c o l o g y a re c o n c e r n e d . W i t h n a t u r a l s e l ec t ion 

w o r k i n g on the p r o b l e m , w h o w o u l d be so p resumptuous a s t o guess w h a t 

feats o f m i n d con t ro l m i g h t no t b e a c h i e v e d ? D o no t e x p e c t t o see a n i m a l s 

a l w a y s b e h a v i n g in such a w a y as to m a x i m i z e the i r o w n i n c l u s i v e f i tness . 

Losers i n a n a r m s r a c e m a y b e h a v e i n s o m e v e r y o d d w a y s i n d e e d . I f they 

a p p e a r d i sor ien ted a n d unsure o f the i r foo t ing , this m a y b e o n l y the 

b e g i n n i n g . 

L e t me stress a g a i n w h a t a feat of m i n d - c o n t r o l the Monomorium santschii 

q u e e n a c h i e v e s . To a s ter i le w o r k e r an t , he r m o t h e r i s a k ind of g e n e t i c g o l d 

mine . F o r a w o r k e r an t to kil l he r o w n m o t h e r i s an ac t o f g e n e t i c m a d n e s s . 

W h y do the w o r k e r s do i t ? I am sor ry I c a n do no m o r e t h a n , o n c e a g a i n , 

v a g u e l y ta lk a b o u t a r m s r aces . A n y n e r v o u s sys t em i s v u l n e r a b l e t o 

m a n i p u l a t i o n by a c l e v e r - e n o u g h p h a r m a c o l o g i s t . T h e r e i s no d i f f icu l ty in 

b e l i e v i n g tha t n a t u r a l se lec t ion a c t i n g on M. santschii w o u l d seek o u t the 

w e a k po in t s in the host w o r k e r s ' n e r v o u s sy s t em, a n d inser t a p h a r m a c o 

log ica l key i n the l ock . S e l e c t i o n on the hos t spec ies w o u l d soon h a v e 

p l u g g e d those w e a k po in t s , w h e r e u p o n se lec t ion o n the pa r a s i t e w o u l d 

i m p r o v e the d r u g , a n d the a r m s r a c e w a s u n d e r w a y . I f M. santschii i s 

sufficiently ra re , i t i s easy to see tha t i t m i g h t ' w i n ' the a r m s r a c e , e v e n 

t h o u g h r eg i c ide i s s u c h a d isas t rous a c t for e a c h host c o l o n y w h o s e w o r k e r s 

s u c c u m b to it. T h e o v e r a l l risk of p a r a s i t i z a t i o n by M. santschii c o u l d be v e r y 

low e v e n t h o u g h the m a r g i n a l cost of r e g i c i d e , g i v e n tha t an M. santschii 

q u e e n has en t e r ed , is d i sas t rous ly h i g h . E a c h i n d i v i d u a l M. santschii q u e e n is 

d e s c e n d e d from a l ine o f ances to rs e v e r y o n e o f w h o m has s u c c e e d e d in 

m a n i p u l a t i n g host w o r k e r s in to r e g i c i d e . E a c h host w o r k e r i s d e s c e n d e d 

from a l ine of ances to rs w h o s e co lon ie s m a y s e l d o m h a v e b e e n w i t h i n 10 

miles of an M. santschii q u e e n . T h e costs o f ' b o t h e r i n g ' to be e q u i p p e d to 
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resist m a n i p u l a t i o n by an o c c a s i o n a l M. santschii q u e e n m a y o u t w e i g h the 

benef i t s . R e f l e c t i o n s such as this l ead me to b e l i e v e tha t the hosts m i g h t we l l 

lose the a r m s r a c e . 

O t h e r spec ies o f pa ras i t i c ants use a different sy s t em. Ins t ead o f s end ing 

o u t q u e e n s to i m p l a n t the i r e g g s in host nests a n d us ing host l a b o u r there , 

t h e y t r anspor t host l a b o u r b a c k to thei r o w n nests. T h e s e are the so-ca l led 

s l a v e m a k i n g an ts . S l a v e m a k i n g species h a v e w o r k e r s , b u t these worke r s 

d e v o t e pa r t , o r i n s o m e cases a l l , o f the i r e n e r g y to g o i n g on s l a v i n g 

e x p e d i t i o n s . T h e y ra id nests o f o t h e r spec ies a n d c a r r y off l a r v a e a n d p u p a e . 

T h e s e s u b s e q u e n t l y h a t c h i n the s l ave r s ' nest , w h e r e t hey w o r k n o r m a l l y , 

f o r a g i n g a n d t e n d i n g b r o o d , no t ' r e a l i z i n g ' tha t they a re , i n effect, s laves . 

T h e a d v a n t a g e o f the s l a v e m a k i n g w a y o f life i s p r e s u m a b l y tha t most o f the 

cost o f f e e d i n g the w o r k f o r c e in the l a r v a l s t age i s s a v e d . T h a t cost i s bo rne 

b y the h o m e c o l o n y f rom w h i c h the s l ave p u p a e w e r e t aken . 

T h e s l a v e m a k i n g h a b i t i s i n t e re s t ing from the present po in t o f v i e w , 

b e c a u s e i t raises an u n u s u a l a r m s r a c e a s y m m e t r y . P r e s u m a b l y there i s an 

a r m s r a c e b e t w e e n s l a v e m a k i n g spec ies a n d s l ave spec ies . A d a p t a t i o n s t o 

c o u n t e r s l a v e r y , for i n s t ance e n l a r g e d so ld ie r j a w s for d r i v i n g off s l ave -

ra iders , s h o u l d be e x p e c t e d in spec ies tha t a re v i c t i m s o f s l ave ra ids . Bu t 

su re ly the m o r e o b v i o u s c o u n t e r m e a s u r e the s laves c o u l d t ake w o u l d s imp ly 

be to w i t h h o l d the i r l a b o u r in the s l ave r s ' nest , o r to kil l s l a v e m a k e r b rood 

ins tead of f e e d i n g t h e m ? I t seems the o b v i o u s c o u n t e r m e a s u r e , bu t there are 

f o r m i d a b l e o b s t a c l e s to its e v o l u t i o n . C o n s i d e r an a d a p t a t i o n to ' g o on 

s t r ike ' , t o refuse t o w o r k i n the s l a v e m a k e r s ' nest . T h e s l ave w o r k e r s w o u l d o f 

cou r se h a v e to h a v e s o m e m e a n s o f r e c o g n i z i n g tha t they h a d h a t c h e d in a 

fore ign nest , bu t tha t s h o u l d not be diff icul t i n p r i n c i p l e . T h e p r o b l e m arises 

w h e n w e th ink i n de t a i l o f h o w the a d a p t a t i o n s w o u l d b e passed on . 

S i n c e w o r k e r s d o n ' t r e p r o d u c e , a l l w o r k e r a d a p t a t i o n s , i n a n y soc ia l insect 

spec ies , h a v e t o be passed on by r e p r o d u c t i v e r e l a t ives o f the w o r k e r s . T h i s 

n o r m a l l y presen ts no i n s u p e r a b l e p r o b l e m s , b e c a u s e w o r k e r s d i r e c t l y assist 

the i r o w n r e p r o d u c t i v e r e l a t ives , so genes g i v i n g rise t o w o r k e r a d a p t a t i o n s 

d i r e c t l y assist c o p i e s o f t h e m s e l v e s i n r e p r o d u c t i v e s . B u t t ake the e x a m p l e o f 

a m u t a n t g e n e c a u s i n g s l ave w o r k e r s to go on s t r ike . I t m a y v e r y ef fec t ively 

s a b o t a g e the s l a v e m a k e r s ' nest , poss ib ly w i p e i t ou t a l t o g e t h e r . A n d to w h a t 

effect? T h e a r e a n o w c o n t a i n s o n e less s l a v e m a k i n g nest, p r e s u m a b l y a g o o d 

t h i n g for all p o t e n t i a l v i c t i m nests in the a r ea , no t j u s t the nest f rom w h i c h 

the r e b e l s laves c a m e , b u t nests c o n t a i n i n g non- s t r i k ing genes a s w e l l . T h e 

s a m e k i n d o f p r o b l e m arises i n the g e n e r a l case o f the sp read o f ' spi teful ' 

b e h a v i o u r ( H a m i l t o n 1 9 7 0 ; K n o w l t o n & P a r k e r 1 9 7 9 ) . 

T h e o n l y ea sy w a y the g e n e s for s t r ik ing c a n b e p re fe ren t i a l ly passed o n i s 

for s t r ik ing to benef i t , s e l e c t i v e l y , the s t r ikers ' o w n h o m e nest, the nest they 

left b e h i n d a n d i n w h i c h the i r o w n r e p r o d u c t i v e r e l a t ives are b e i n g r ea red . 

T h i s c o u l d h a p p e n i f s l a v e m a k e r s h a b i t u a l l y r e tu rned t o m a k e r epea t ra ids 
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o n the s a m e nest , bu t o t h e r w i s e w e mus t c o n c l u d e tha t a n t i - s l a v e r y 

a d a p t a t i o n s m u s t be conf ined to the p e r i o d before the s l a v e p u p a e h a v e left 

their h o m e nest. O n c e the s laves h a v e a r r i v e d i n the s l a v e m a k e r s ' nest t hey 

effect ively d r o p o u t o f the a r m s r a c e s ince t hey n o l o n g e r h a v e a n y p o w e r t o 

inf luence the success o f the i r r e p r o d u c t i v e r e l a t i ves . T h e s l a v e m a k e r s c a n 

d e v e l o p m a n i p u l a t i v e a d a p t a t i o n s o f a n y d e g r e e o f s o p h i s t i c a t i o n , p h y s i c a l o r 

c h e m i c a l , p h e r o m o n e s o r p o w e r f u l d r u g s , a n d the s l aves c a n n o t e v o l v e 

c o u n t e r m e a s u r e s . 

A c t u a l l y , the v e r y fact tha t the s laves c a n n o t e v o l v e c o u n t e r m e a s u r e s w i l l 

tend to r e d u c e the l i k e l i h o o d tha t the m a n i p u l a t i v e t e c h n i q u e s e v o l v e d by 

the s l a v e m a k e r s wi l l be v e r y s o p h i s t i c a t e d : the fac t tha t the s l aves c a n n o t 

re ta l ia te , i n an e v o l u t i o n a r y sense, m e a n s tha t the s l a v e m a k e r s do no t n e e d 

to spend cos t ly resources on e l a b o r a t e a n d soph i s t i c a t ed m a n i p u l a t i o n 

a d a p t a t i o n s , b e c a u s e s imp le a n d c h e a p ones wi l l d o . T h e e x a m p l e o f s l a v e r y 

in ants is r a the r a spec ia l o n e , bu t i t i l lus t ra tes a p a r t i c u l a r l y i n t e r e s t i ng sense 

in w h i c h o n e s ide in an a r m s r a c e c a n be sa id to lose c o m p l e t e l y . 

A case c o u l d be m a d e for d r a w i n g an a n a l o g y he re w i t h the h y b r i d f rog 

Rana esculenta ( W h i t e 1 9 7 8 ) . T h i s c o m m o n E u r o p e a n f rog , the e d i b l e frog o f 

F r e n c h res tauran ts , i s not a spec ies in the n o r m a l sense of t he w o r d . 

I n d i v i d u a l s o f the ' spec i e s ' a r e r e a l l y v a r i o u s k inds o f h y b r i d s b e t w e e n t w o 

other species, Rana ridibunda a n d R. lessonae. T h e r e a re t w o different d ip lo id 

forms a n d t w o different t r ip lo id forms of R. esculenta. F o r s i m p l i c i t y I sha l l 

cons ider o n l y o n e o f the d i p l o i d forms, b u t the a r g u m e n t h o l d s for a l l the 

var ie t i es . T h e s e frogs coex i s t w i t h R . lessonae. T h e i r d i p l o i d k a r y o t y p e 

consists of o n e set of lessonae c h r o m o s o m e s a n d o n e set of ridibunda 

c h r o m o s o m e s . A t meios is t hey d i sca rd the lessonae c h r o m o s o m e s a n d p r o d u c e 

pure ridibunda g a m e t e s . T h e y m a t e w i t h lessonae i n d i v i d u a l s , t h e r e b y 

res tor ing the h y b r i d g e n o t y p e in the n e x t g e n e r a t i o n . In this r a c e o f Rana 

esculenta bod ies , there fore , ridibunda g e n e s a re g e r m - l i n e r e p l i c a t o r s , lessonae 

genes d e a d - e n d ones . D e a d - e n d r ep l i ca to r s c a n exe r t p h e n o t y p i c effects. 

T h e y c a n e v e n b e n a t u r a l l y se l ec t ed . B u t the c o n s e q u e n c e s o f t ha t n a t u r a l 

se lec t ion a re i r r e l e v a n t t o e v o l u t i o n (see C h a p t e r 5 ) . T o m a k e the n e x t 

p a r a g r a p h eas ier to fo l l ow , I sha l l c a l l R. esculenta H (for h y b r i d ) , R. 

ridibunda G (for g e r m - l i n e ) a n d R. lessonae D (for d e a d - e n d , a l t h o u g h it 

should b e r e m e m b e r e d tha t ' D ' g e n e s are d e a d - e n d r e p l i c a t o r s o n l y w h e n i n 

H f rogs ; w h e n in ' D ' frogs t hey a r e n o r m a l g e r m - l i n e r e p l i c a t o r s ) . 

N o w , cons ide r a g e n e in the D g e n e - p o o l w h i c h exer t s an effect on D 

bodies t o m a k e t h e m refuse t o m a t e w i t h H . S u c h a g e n e s h o u l d be f a v o u r e d 

by n a t u r a l se lec t ion o v e r its H - t o l e r a t i n g a l l e l e , s ince the l a t t e r w i l l t end to 

end up in H bod i e s o f the n e x t g e n e r a t i o n , a n d w i l l be d i s c a r d e d a t meios i s . 

G genes are no t d i s c a r d e d a t meiosis , a n d t h e y w i l l t end to be s e l ec t ed i f t h e y 

inf luence H bod ies so tha t t hey o v e r c o m e the r e l u c t a n c e of D i n d i v i d u a l s to 

m a t e w i t h t h e m . W e shou ld therefore see a n a r m s r a c e b e t w e e n G g e n e s 
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a c t i n g on H b o d i e s , a n d D g e n e s a c t i n g on D bod ie s . In those respec t ive 

bod i e s , b o t h sets o f g e n e s a r e g e r m - l i n e r ep l i ca to r s . B u t w h a t a b o u t D genes 

a c t i n g on H b o d i e s ? T h e y s h o u l d h a v e jus t a s p o w e r f u l an in f luence o v e r H 

p h e n o t y p e s as G g e n e s , s ince t hey cons t i tu t e e x a c t l y h a l f of the H g e n o m e . 

N a i v e l y , we m i g h t e x p e c t t h e m to c a r r y the i r a r m s r a c e aga ins t G genes o v e r 

in to the H bod i e s w h i c h t hey sha re . B u t in H bod ies , those D genes a re in the 

s a m e pos i t i on a s an t s t ha t h a v e b e e n t a k e n a s s laves . A n y a d a p t a t i o n tha t 

t hey m e d i a t e in the H b o d y c a n n o t be passed on to the n e x t g e n e r a t i o n ; for 

the g a m e t e s p r o d u c e d by the H i n d i v i d u a l , r egard less o f h o w his d e v e l o p i n g 

p h e n o t y p e , a n d i n d e e d his s u r v i v a l , m a y h a v e been in f luenced by D genes , 

a re s t r ic t ly G g a m e t e s . J u s t as w o u l d - b e s l ave ants c a n be se lec ted to resist 

b e i n g t a k e n in to c a p t i v i t y w h i l e t hey a re still i n the i r h o m e nest, bu t c a n n o t 

be s e l ec t ed to s u b v e r t the s l a v e m a k i n g nest o n c e they a re in it, so D genes 

c a n be s e l ec t ed to i n f luence D bod ies so tha t they resist b e i n g i n c o r p o r a t e d in 

H g e n o m e s in the first p l a c e , b u t o n c e so i n c o r p o r a t e d t hey are no longer 

u n d e r s e l ec t i on , e v e n t h o u g h they c a n still h a v e p h e n o t y p i c effects. T h e y lose 

the a r m s r a c e b e c a u s e t h e y a r e a d e a d - e n d . A s imi la r a r g u m e n t c o u l d be 

m a d e for fish of the h y b r i d ' spec i e s ' Poeciliopsis monacha-occidentalis ( M a y n a r d 

S m i t h 1 9 7 8 a ) . 

T h e i n a b i l i t y o f s laves t o e v o l v e c o u n t e r - a d a p t a t i o n s w a s o r i g i n a l l y i n v o k e d 

b y T r i v e r s a n d H a r e ( 1 9 7 6 ) , i n the i r t heo ry o f the sex - ra t io a r m s r a c e i n 

soc ia l H y m e n o p t e r a . T h i s i s o n e o f the best k n o w n of recen t discussions o f a 

p a r t i c u l a r a r m s r a c e , a n d i t i s w o r t h c o n s i d e r i n g fur ther . E l a b o r a t i n g on 

ideas o f F i s h e r ( 1 9 3 0 a ) a n d H a m i l t o n ( 1 9 7 2 ) , T r i v e r s a n d H a r e reasoned 

tha t the e v o l u t i o n a r i l y s t ab l e sex r a t io in an t spec ies w i t h o n e s ing ly m a t e d 

q u e e n p e r nest c a n n o t be s i m p l y p r e d i c t e d . I f the q u e e n i s a s s u m e d to h a v e 

al l p o w e r o v e r the sex o f r e p r o d u c t i v e offspr ing ( y o u n g q u e e n s a n d m a l e s ) , 

the s t ab le r a t i o o f e c o n o m i c i n v e s t m e n t i n m a l e a n d f e m a l e r e p r o d u c t i v e s i s 

1 : 1 . If, on the o t h e r h a n d , n o n - l a y i n g w o r k e r s a re a s sumed to ho ld all p o w e r 

o v e r i n v e s t m e n t i n y o u n g , the s t ab le ra t io w i l l b e 3 : 1 i n f a v o u r o f females , 

u l t i m a t e l y b e c a u s e o f t he h a p l o d i p l o i d g e n e t i c sys t em. T h e r e is, therefore , a 

p o t e n t i a l conf l i c t b e t w e e n q u e e n a n d w o r k e r s . T r i v e r s a n d H a r e r e v i e w e d 

the , a d m i t t e d l y i m p e r f e c t , a v a i l a b l e d a t a , a n d r epo r t ed a g o o d a v e r a g e fit to 

the 3 : 1 p r e d i c t i o n , f rom w h i c h they c o n c l u d e d tha t they h a d found e v i d e n c e 

for w o r k e r p o w e r w i n n i n g the ba t t l e aga ins t q u e e n p o w e r . I t w a s a c l eve r 

a t t e m p t to use rea l d a t a to test a hypo thes i s of a k ind tha t is often c r i t i c i zed 

as u n t e s t a b l e , b u t l ike o t h e r i n n o v a t i v e first a t t e m p t s i t is easy to find fault 

w i t h it. A l e x a n d e r a n d S h e r m a n ( 1 9 7 7 ) c o m p l a i n e d a b o u t T r i v e r s a n d 

H a r e ' s h a n d l i n g o f the d a t a , a n d also sugges t ed a n a l t e r n a t i v e e x p l a n a t i o n 

for the f e m a l e - b i a s e d sex r a t io c o m m o n in ants . T h e i r e x p l a n a t i o n ( ' loca l 

m a t e c o m p e t i t i o n ' ) , l ike t ha t o f T r i v e r s a n d H a r e , w a s o r i g i n a l l y de r ived 

f rom H a m i l t o n , in this case his p a p e r on e x t r a o r d i n a r y sex ra t ios ( 1 9 6 7 ) . 

T h i s c o n t r o v e r s y has h a d the g o o d effect o f s t i m u l a t i n g fur ther w o r k . 
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Espec i a l l y i l l u m i n a t i n g in the c o n t e x t o f a r m s r aces a n d m a n i p u l a t i o n i s t he 

p a p e r b y C h a r n o v ( 1 9 7 8 ) , w h i c h i s c o n c e r n e d w i t h the o r ig ins o f e u s o c i a l i t y , 

a n d w h i c h i n t r o d u c e s a p o t e n t i a l l y i m p o r t a n t ve r s ion o f the l i f e /d inne r 

p r inc ip l e . H i s a r g u m e n t w o r k s for d i p l o i d a s w e l l a s h a p l o d i p l o i d o r g a n i s m s , 

a n d I shal l cons ide r the d i p l o i d case first. C o n s i d e r a m o t h e r w h o s e e l d e r 

ch i ld ren h a v e still no t left the nest w h e n the n e x t b r o o d h a t c h e s . W h e n the 

t ime c o m e s for t h e m to l e a v e the nest a n d b e g i n the i r o w n r e p r o d u c t i o n , t he 

y o u n g h a v e the o p t i o n , ins tead , o f s t a y i n g b e h i n d a n d h e l p i n g t o r e a r the i r 

y o u n g s ib l ings . As i s n o w w e l l k n o w n , a l l o t h e r th ings b e i n g e q u a l such a 

f l edg l ing shou ld b e g e n e t i c a l l y indif ferent b e t w e e n r e a r i n g of fspr ing a n d 

r ea r ing full s ib l ings ( H a m i l t o n 1 9 6 4 a , b ) . B u t s u p p o s e the o ld m o t h e r c o u l d 

exer t a n y m a n i p u l a t i v e p o w e r o v e r the dec i s ion o f he r e lde r c h i l d r e n : w o u l d 

she 'p refer ' tha t t hey l e a v e a n d rea r fami l ies o f the i r o w n , o r s t ay a n d r ea r 

he r n e x t b r o o d ? O b v i o u s l y tha t they shou ld s tay a n d r ea r h e r n e x t b r o o d , 

s ince g r a n d c h i l d r e n a re h a l f a s v a l u a b l e t o her a s c h i l d r e n . ( T h e a r g u m e n t a s 

i t s tands i s i n c o m p l e t e . I f she m a n i p u l a t e d all he r c h i l d r e n for the w h o l e of 

her life in to r e a r i n g y e t m o r e n o n - p r o d u c i n g ch i ld l a b o u r e r s , he r g e r m - l i n e 

w o u l d pe te r ou t . W e m u s t a s s u m e tha t she m a n i p u l a t e s s o m e offspr ing o f the 

s a m e g e n e t i c t y p e in to d e v e l o p i n g in to r e p r o d u c t i v e s a n d o the r s in to 

d e v e l o p i n g a s worke r s . ) S e l e c t i o n w i l l , t hen , f a v o u r s u c h m a n i p u l a t i v e 

t endenc ies in pa ren t s . 

N o r m a l l y , w h e n w e pos tu l a t e se l ec t ion i n f a v o u r o f m a n i p u l a t i o n w e 

dut i fu l ly p a y l ip s e rv i ce to c o u n t e r - s e l e c t i o n on the v i c t i m to resist 

m a n i p u l a t i o n . T h e b e a u t y o f C h a r n o v ' s p o i n t i s t ha t i n this case the re w i l l b e 

no coun te r - s e l ec t i on . T h e ' a r m s r a c e ' i s a w a l k - o v e r b e c a u s e o n e s ide , so to 

speak , d o e s n ' t e v e n t ry . T h e offspr ing b e i n g m a n i p u l a t e d a re , a s w e h a v e 

a l r e a d y seen, indif ferent t o w h e t h e r t h e y rea r y o u n g s ib l ings o r of fspr ing o f 

the i r o w n ( a g a i n a s s u m i n g al l o the r th ings e q u a l ) . T h e r e f o r e , a l t h o u g h w e 

m a y postulate r eve rse m a n i p u l a t i o n by offspr ing of pa r en t s , this i s b o u n d , a t 

least i n the s i m p l e e x a m p l e v i s u a l i z e d b y C h a r n o v , t o b e o u t w e i g h e d b y 

pa ren t a l m a n i p u l a t i o n o f offspr ing. T h i s i s an a s y m m e t r y to be a d d e d to the 

list o f p a r e n t a l a d v a n t a g e s offered by A l e x a n d e r ( 1 9 7 4 ) , b u t I find i t m o r e 

g e n e r a l l y c o n v i n c i n g t han a n y o thers on the list. 

A t first s ight i t m i g h t a p p e a r tha t C h a r n o v ' s a r g u m e n t does no t a p p l y t o 

h a p l o d i p l o i d a n i m a l s , a n d tha t w o u l d be a p i t y s ince mos t soc i a l insects a r e 

h a p l o d i p l o i d . Bu t this v i e w i s m i s t a k e n . C h a r n o v h i m s e l f s h o w s this for the 

specia l a s s u m p t i o n tha t the p o p u l a t i o n has an u n b i a s e d sex r a t i o , i n w h i c h 

case e v e n in h a p l o d i p l o i d species f emales are indi f ferent b e t w e e n r e a r i n g 

s ibl ings (r = the a v e r a g e o f ¾ a n d ¼) a n d r e a r i n g offspr ing (r = ½). B u t C r a i g 

(1980) a n d G r a f e n (in p r e p a r a t i o n ) i n d e p e n d e n t l y s h o w tha t C h a r n o v d i d 

not e v e n need to a s sume an u n b i a s e d sex r a t i o . T h e p o t e n t i a l w o r k e r i s still 

indifferent b e t w e e n r e a r i n g s ib l ings a n d r e a r i n g offspr ing a t a n y c o n c e i v a b l e 

p o p u l a t i o n sex ra t io . T h u s suppose the p o p u l a t i o n sex r a t i o i s f e m a l e - b i a s e d , 
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e v e n s u p p o s e i t c o n f o r m s t o T r i v e r s a n d H a r e ' s p r e d i c t e d 3 : 1 . S i n c e the 

w o r k e r i s m o r e c lose ly r e l a t ed to he r sister t h a n to her b r o t h e r or her 

of fspr ing o f e i t he r sex , i t m i g h t s e e m that she w o u l d 'p re fe r ' to r ea r s ibl ings 

o v e r of fspr ing g i v e n s u c h a f e m a l e - b i a s e d sex r a t i o : i s she no t g a i n i n g mos t ly 

v a l u a b l e sisters (plus o n l y a few r e l a t i v e l y wor th l e s s b ro thers ) w h e n she opts 

for s i b l i n g s ? B u t this r e a s o n i n g neg l ec t s the r e l a t i v e l y g r e a t r e p r o d u c t i v e 

v a l u e of m a l e s in s u c h a p o p u l a t i o n as a c o n s e q u e n c e of the i r ra r i ty . T h e 

w o r k e r m a y no t b e c lo se ly r e l a t e d t o e a c h o f he r b ro the r s , b u t i f m a l e s are 

r a re in the p o p u l a t i o n as a w h o l e e a c h o n e of those b ro the r s i s c o r r e s p o n d i n g l y 

h i g h l y l i k e l y t o b e a n a n c e s t o r o f future g e n e r a t i o n s . 

T h e m a t h e m a t i c s c o n f i r m tha t C h a r n o v ' s c o n c l u s i o n i s e v e n m o r e g e n e r a l 

t h a n h e s u g g e s t e d . I n b o t h d i p l o i d a n d h a p l o d i p l o i d spec ies , a t a n y 

p o p u l a t i o n sex r a t io , an i n d i v i d u a l f e m a l e i s t h e o r e t i c a l l y indifferent w h e t h e r 

she he r se l f rea rs of fspr ing or y o u n g e r s ib l ings . S h e i s no t , h o w e v e r , indifferent 

w h e t h e r he r of fspr ing r ea r the i r o w n c h i l d r e n o r the i r s i b l i n g s : she prefers 

t h e m to r e a r the i r s ib l ings (her offspring) o v e r the i r offspring (her g r a n d 

c h i l d r e n ) . T h e r e f o r e i f t he re i s a n y q u e s t i o n o f m a n i p u l a t i o n in this s i tua t ion , 

p a r e n t a l m a n i p u l a t i o n o f offspr ing i s m o r e l ike ly t h a n offspring m a n i p u l a 

t ion o f pa ren t s . 

I t m i g h t a p p e a r tha t C h a r n o v ' s , C r a i g ' s a n d G r a f e n ' s conc lus ions 

r a d i c a l l y c o n t r a d i c t those o f T r i v e r s a n d H a r e on sex ra t ios i n socia l 

H y m e n o p t e r a . T h e s t a t e m e n t tha t , a t a n y sex ra t io , a f ema le h y m e n o p t e r a n 

i s indi f ferent b e t w e e n r e a r i n g s ib l ings a n d r e a r i n g offspr ing, sounds 

t a n t a m o u n t to s a y i n g tha t she i s a l so indifferent to w h a t the sex r a t io in her 

nest is. B u t this is no t so. I t i s still t rue tha t , g i v e n the a s s u m p t i o n of w o r k e r 

c o n t r o l o v e r i n v e s t m e n t i n m a l e a n d f e m a l e r e p r o d u c t i v e s , the resu l t ing 

e v o l u t i o n a r i l y s t ab l e sex r a t io w i l l no t be necessa r i ly the s a m e as the 

e v o l u t i o n a r i l y s t ab l e sex r a t io g i v e n q u e e n c o n t r o l . In this sense a w o r k e r is 

no t indi f ferent to the sex r a t i o : she m a y w e l l w o r k to shift the sex ra t io a w a y 

from w h a t the q u e e n i s ' t r y i n g ' t o a c h i e v e . 

T r i v e r s a n d H a r e ' s a n a l y s i s o f the e x a c t n a t u r e o f the conf l ic t b e t w e e n 

q u e e n a n d w o r k e r s o v e r the sex r a t io c a n be e x t e n d e d i n w a y s tha t further 

i l l u m i n a t e the c o n c e p t o f m a n i p u l a t i o n (e .g . O s t e r & W i l s o n 1 9 7 8 ) . T h e 

f o l l o w i n g a c c o u n t is d e r i v e d from G r a f e n (in p r e p a r a t i o n ) . I shal l not 

a n t i c i p a t e his c o n c l u s i o n s in d e t a i l , b u t w i s h to e m p h a s i z e o n e p r inc ip l e 

w h i c h i s e x p l i c i t in his ana lys i s as w e l l as imp l i c i t in tha t o f T r i v e r s a n d 

H a r e . T h e q u e s t i o n i s no t ' H a s the " b e s t " sex ra t io b e e n successful ly 

a c h i e v e d ? ' O n the c o n t r a r y , w e m a k e a w o r k i n g a s s u m p t i o n tha t na tu ra l 

s e l ec t ion has p r o d u c e d a resul t , g i v e n s o m e cons t ra in t s , a n d then ask w h a t 

those cons t r a in t s a r e (see C h a p t e r 3 ) . I n the p resen t case we fo l low T r i v e r s 

a n d H a r e i n r e c o g n i z i n g tha t the e v o l u t i o n a r i l y s t ab le sex ra t io d e p e n d s 

c r u c i a l l y u p o n w h i c h pa r t i e s t o the a r m s r a c e h a v e p r a c t i c a l p o w e r , bu t w e 

r e c o g n i z e a w i d e r r a n g e o f poss ib le d i spos i t ions o f p o w e r t han they d i d . I n 
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effect, T r i v e r s a n d H a r e d e d u c e d the c o n s e q u e n c e s o f t w o a l t e r n a t i v e 

assumpt ions a b o u t p r a c t i c a l p o w e r ; firstly the a s s u m p t i o n t h a t the q u e e n 

exer ts all the p o w e r , a n d s e c o n d l y the a s s u m p t i o n t h a t the w o r k e r s e x e r t a l l 

the p o w e r . Bu t m a n y o t h e r poss ib le a s s u m p t i o n s c o u l d b e m a d e , a n d e a c h 

g ives rise to a different p r e d i c t i o n of the e v o l u t i o n a r i l y s t ab l e sex r a t i o . In 

o ther par ts o f their p a p e r , i n d e e d , T r i v e r s a n d H a r e c o n s i d e r s o m e o f these , 

for ins tance the a s s u m p t i o n tha t w o r k e r s a re a b l e t o l a y the i r o w n m a l e e g g s . 

G r a f e n , l ike B u l m e r a n d T a y l o r (in p r e p a r a t i o n ) , has e x p l o r e d the 

c o n s e q u e n c e s of a s s u m i n g tha t p o w e r i s divided as f o l l o w s : the q u e e n has 

abso lu te p o w e r o v e r the sex o f the eggs tha t she l a y s ; the w o r k e r s h a v e 

abso lu te p o w e r o v e r f eed ing the l a r v a e . T h e w o r k e r s c a n thus d e t e r m i n e h o w 

m a n y o f the a v a i l a b l e f e m a l e e g g s shal l d e v e l o p in to q u e e n s a n d h o w m a n y 

in to w o r k e r s . T h e y h a v e the p o w e r t o s t a rve the y o u n g o f o n e sex o r the 

o ther , bu t t hey h a v e t o w o r k w i t h i n the cons t r a in t o f w h a t the q u e e n g i v e s 

them i n the w a y o f e g g s . Q u e e n s h a v e the p o w e r t o l a y e g g s i n a n y sex r a t i o 

they choose , i n c l u d i n g w i t h h o l d i n g , t o t a l ly , e g g s o f o n e sex o r the o t h e r . B u t , 

o n c e la id , those e g g s a re a t the m e r c y o f the w o r k e r s . A q u e e n m i g h t , for 

ins tance , p l a y the s t r a t e g y (in the g a m e t h e o r y sense) o f l a y i n g o n l y m a l e 

eggs in a g i v e n y e a r . R e l u c t a n t a s we m i g h t e x p e c t t h e m to b e , the w o r k e r s 

h a v e no o p t i o n b u t t o rea r the i r b ro the r s . T h e q u e e n , i n this case , c a n p re 

e m p t c e r t a i n w o r k e r s t ra teg ies , such as ' p r e f e r en t i a l l y feed sis ters ' , s i m p l y 

because she ' p l a y s ' first. B u t there a re o t h e r t h ings w o r k e r s c a n d o . 

U s i n g g a m e theo ry , G r a f e n shows tha t o n l y c e r t a i n q u e e n s t ra teg ies a re 

e v o l u t i o n a r i l y s t ab le repl ies t o p a r t i c u l a r w o r k e r s t ra teg ies , a n d o n l y c e r t a i n 

w o r k e r s t ra tegies a re e v o l u t i o n a r i l y s t ab le rep l ies t o p a r t i c u l a r q u e e n 

s t ra tegies . T h e in te res t ing q u e s t i o n is, W h a t a r e the e v o l u t i o n a r i l y s t ab le 

c o m b i n a t i o n s o f w o r k e r a n d q u e e n s t r a t eg ies? I t turns o u t tha t t he re i s m o r e 

than o n e a n s w e r , a n d there c a n b e a s m a n y a s t h ree e v o l u t i o n a r i l y s t ab l e 

states for a g i v e n set of p a r a m e t e r s . G r a f e n ' s p a r t i c u l a r c o n c l u s i o n s a re no t 

my c o n c e r n he re , a l t h o u g h I wi l l r e m a r k tha t t hey a r e i n t e r e s t i n g l y ' c o u n t e r 

in tu i t ive ' . W h a t i s my c o n c e r n i s t ha t the e v o l u t i o n a r i l y s t ab le s ta te o f the 

m o d e l p o p u l a t i o n d e p e n d s u p o n the a s s u m p t i o n s w e m a k e a b o u t power. 

T r i v e r s a n d H a r e c o n t r a s t e d t w o poss ib le a b s o l u t e a s s u m p t i o n s ( a b s o l u t e 

w o r k e r p o w e r versus a b s o l u t e q u e e n p o w e r ) . G r a f e n i n v e s t i g a t e d o n e 

p laus ib le division o f p o w e r (queens h a v e p o w e r o v e r e g g s , w o r k e r s o v e r l a r v a l 

feed ing) . B u t , a s I h a v e a l r e a d y n o t e d , n u m e r o u s o t h e r a s s u m p t i o n s a b o u t 

p o w e r c o u l d b e m a d e . E a c h a s s u m p t i o n g e n e r a t e s dif ferent p r e d i c t i o n s a b o u t 

evo lu t i ona r i l y s tab le sex ra t ios , a n d tests o f the p r e d i c t i o n s c a n therefore 

b e r e g a r d e d a s p r o v i d i n g e v i d e n c e a b o u t the d i spos i t i on o f p o w e r i n the 

nest. 

Fo r ins tance , w e m i g h t focus o u r r e sea rch a t t e n t i o n o n the e x a c t m o m e n t 

w h e n a q u e e n ' d e c i d e s ' w h e t h e r to fer t i l ize a g i v e n e g g or no t . I t i s p l a u s i b l e 

t o a s sume that , s ince the e v e n t takes p l a c e w i t h i n the q u e e n ' s o w n b o d y , t ha t 
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p a r t i c u l a r d e c i s i o n i s l i ke ly to h a v e b e e n se lec ted to benef i t the q u e e n ' s 

g e n e s . P l a u s i b l e i t m a y be , b u t i t i s p rec i se ly this k ind of a s s u m p t i o n tha t the 

d o c t r i n e o f the e x t e n d e d p h e n o t y p e i s g o i n g to ca l l i n q u e s t i o n . F o r the 

m o m e n t , w e s i m p l y no t e the poss ib i l i ty t ha t w o r k e r s m i g h t m a n i p u l a t e the 

q u e e n ' s n e r v o u s sy s t em, by p h e r o m o n a l o r o t h e r m e a n s , so as to subve r t her 

b e h a v i o u r in the i r g e n e t i c in teres ts . S i m i l a r l y , i t i s w o r k e r ne rves a n d 

musc l e s t ha t a re i m m e d i a t e l y r e spons ib le for f eed ing the l a r v a e , b u t we are 

not , the re fore , necessa r i ly en t i t l ed to a s sume tha t w o r k e r l i m b s m o v e o n l y in 

the in teres ts o f w o r k e r g e n e s . As i s w e l l k n o w n , the re i s mas s ive p h e r o m o n a l 

traffic f low f rom q u e e n to w o r k e r s , a n d i t i s easy to i m a g i n e power fu l 

m a n i p u l a t i o n o f w o r k e r b e h a v i o u r b y q u e e n s . T h e po in t i s tha t e a c h 

a s s u m p t i o n a b o u t p o w e r w h i c h w e m i g h t m a k e y i e lds a tes tab le p red i c t i on 

a b o u t sex ra t ios , a n d i t i s for this ins igh t tha t we h a v e to t h a n k T r i v e r s a n d 

H a r e , no t for the p a r t i c u l a r m o d e l w h o s e p r ed i c t i ons t hey h a p p e n e d to test. 

I t i s e v e n c o n c e i v a b l e , i n s o m e H y m e n o p t e r a , t ha t m a l e s m i g h t exer t 

p o w e r . B r o c k m a n n (1980) i s m a k i n g a n in t ens ive s tudy o f m u d - d a u b i n g wasps 

Trypoxylon politum. T h e s e a re ' so l i t a ry ' (as o p p o s e d to t ru ly socia l ) w a s p s , bu t 

t h e y a r e no t a l w a y s t o t a l l y a l o n e . A s i n o the r sphec ids , e a c h f ema le bu i lds 

her o w n nest (in this case o u t o f m u d ) , p rov i s ions i t w i t h p a r a l y s e d p rey 

( sp iders ) , l a y s o n e e g g on the p r e y , t hen seals up the nest a n d beg ins the 

c y c l e a g a i n . I n m a n y H y m e n o p t e r a , the f e m a l e ca r r ies a l i fe t ime ' s supp ly o f 

s p e r m f rom o n e b r i e f p e r i o d of i n s e m i n a t i o n e a r l y in life. T . politum females , 

h o w e v e r , c o p u l a t e f r e q u e n t l y t h r o u g h o u t a d u l t l ife. M a l e s h a u n t f ema le 

nests, l o s ing n o o p p o r t u n i t y t o c o p u l a t e w i t h the f e m a l e o n e a c h o f her 

re turns to the nes t . A m a l e m a y spend hours a t a t ime s i t t ing pass ive ly in the 

nest , p r o b a b l y h e l p i n g to g u a r d i t a g a i n s t paras i tes , a n d f i gh t ing w i t h o ther 

m a l e s w h o a t t e m p t t o en te r . U n l i k e mos t m a l e H y m e n o p t e r a then , the m a l e 

T. politum i s p resen t a t the s c e n e of the a c t i o n . M i g h t he not , therefore , be 

p o t e n t i a l l y in a pos i t i on to i n f luence the sex ra t io , in the s a m e k ind of w a y as 

has b e e n p o s t u l a t e d for w o r k e r a n t s ? 

I f m a l e s d i d e x e r t p o w e r , w h a t w o u l d w e e x p e c t the c o n s e q u e n c e s t o b e ? 

S i n c e a m a l e passes a l l his g e n e s on to his d a u g h t e r s , a n d n o n e to his m a t e ' s 

sons, g e n e s t e n d i n g t o m a k e m a l e s f a v o u r d a u g h t e r s o v e r sons w o u l d b e 

f a v o u r e d . I f m a l e s e x e r t e d to ta l p o w e r , c o m p l e t e l y d e t e r m i n i n g the sex ra t io 

o f the i r m a t e s ' of fspr ing, the c o n s e q u e n c e w o u l d b e o d d . N o m a l e s w o u l d b e 

b o r n in the f i r s t g e n e r a t i o n o f m a l e p o w e r . As a resul t , i n the f o l l o w i n g y e a r 

a l l eggs l a id w o u l d b e unfe r t i l i zed a n d therefore m a l e . T h e p o p u l a t i o n w o u l d 

therefore osc i l l a t e v i o l e n t l y a n d then g o e x t i n c t ( H a m i l t o n 1 9 6 7 ) . I f ma le s 

e x e r t e d a l i m i t e d a m o u n t o f p o w e r , less d ras t ic c o n s e q u e n c e s w o u l d fol low, 

the s i t ua t i on b e i n g f o r m a l l y a n a l o g o u s to tha t o f the ' d r i v i n g X c h r o m o s o m e ' 

i n the n o r m a l d i p l o i d g e n e t i c sys tem ( C h a p t e r 8 ) . In a n y case a m a l e 

h y m e n o p t e r a n , i f he f ound h i m s e l f in a pos i t ion to i n f luence the sex ra t io of 

his m a t e ' s c h i l d r e n , w o u l d be e x p e c t e d to t ry to do so in a f e m a l e d i r e c t i o n . 
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He m i g h t do this by t r y i n g to i n f luence his m a t e ' s d e c i s i o n w h e t h e r t o r e l ease 

spe rm from he r s p e r m a t h e c a . I t i s no t o b v i o u s h o w he m i g h t a c t u a l l y do this , 

bu t i t i s k n o w n tha t h o n e y b e e q u e e n s t ake l o n g e r o v e r l a y i n g a f e m a l e e g g 

than a m a l e o n e , p e r h a p s us ing the e x t r a t ime to a c h i e v e f e r t i l i z a t i on . I t 

w o u l d be in te res t ing to try e x p e r i m e n t a l l y i n t e r r u p t i n g a q u e e n in the 

m i d d l e o f e g g - l a y i n g , t o see i f the d e l a y i nc r ea sed the c h a n c e o f a f e m a l e e g g 

e m e r g i n g . 

Do m a l e T . politum s h o w a n y b e h a v i o u r t ha t we m i g h t suspec t o f b e i n g an 

a t t e m p t a t such m a n i p u l a t i o n , for e x a m p l e do t h e y b e h a v e a s i f t r y i n g t o 

p r o l o n g e g g - l a y i n g ? B r o c k m a n n desc r ibes a c u r i o u s b e h a v i o u r p a t t e r n c a l l e d 

' h o l d i n g ' . T h i s i s seen a l t e r n a t i n g w i t h c o p u l a t i o n d u r i n g the f i na l m i n u t e s 

before the f e m a l e l ays her e g g . In a d d i t i o n to b r i e f c o p u l a t i o n s t h r o u g h o u t 

the p r o v i s i o n i n g phase o f the nest , the f i n a l e g g - l a y i n g a n d s e a l i n g u p o f the 

nest i s h e r a l d e d by a p r o l o n g e d b o u t o f r e p e a t e d c o p u l a t i o n s , w h i c h lasts 

m a n y minu te s . T h e f e m a l e goes h e a d first in to the v e r t i c a l , o r g a n p i p e -

shaped m u d nest, a n d pushes he r h e a d u p in to the c lus t e r o f p a r a l y s e d 

spiders l o d g e d in the t o p of the nest . H e r a b d o m e n i s f a c i n g the e n t r a n c e a t 

the b o t t o m o f the nest , a n d i n this pos i t ion the m a l e c o p u l a t e s w i t h her . T h e 

female then turns r o u n d so tha t she i s h e a d d o w n w a r d s f a c i n g o u t o f the nest , 

a n d p robes the spiders w i t h the t ip o f her a b d o m e n , a s i f a b o u t t o l a y an e g g . 

T h e m a l e m e a n w h i l e ' h o l d s ' her h e a d in his fore legs for a b o u t h a l f a m i n u t e , 

g rabs her a n t e n n a e a n d pul ls h e r d o w n w a r d s a w a y f rom the sp ide rs . S h e 

then turns a r o u n d a n d they c o p u l a t e a g a i n . S h e a g a i n tu rns t o p r o b e the 

spiders w i t h her a b d o m e n , the m a l e a g a i n ho lds he r h e a d a n d d r a g s h e r 

d o w n . T h e w h o l e c y c l e r epea t s s o m e h a l f d o z e n t imes . F i n a l l y , af ter o n e 

espec ia l ly l o n g b o u t o f h e a d - h o l d i n g , the f e m a l e l ays he r e g g . 

O n c e the e g g i s l a id , its sex i s d e t e r m i n e d . We h a v e a l r e a d y c o n s i d e r e d the 

h y p o t h e t i c a l poss ib i l i ty o f w o r k e r ants m a n i p u l a t i n g the i r m o t h e r ' s n e r v o u s 

sys tem, fo rc ing he r to c h a n g e he r fe r t i l i z ing d e c i s i o n in the i r g e n e t i c in teres t . 

B r o c k m a n n ' s sugges t ion is tha t m a l e T. politum m i g h t a t t e m p t s imi l a r 

subvers ion , a n d tha t the h e a d - h o l d i n g a n d d r a g g i n g b e h a v i o u r m a y be a 

mani fes ta t ion o f the i r m a n i p u l a t i o n t e c h n i q u e . W h e n the m a l e se izes the 

female ' s a n t e n n a e a n d d r a g s he r a w a y f rom the sp iders w h i c h she i s p r o b i n g 

wi th her a b d o m e n , i s he fo rc ing a p o s t p o n e m e n t of e g g - l a y i n g as a m e a n s of 

inc reas ing the c h a n c e o f the e g g ' s b e i n g fe r t i l i zed i n the o v i d u c t ? T h e 

p laus ib i l i ty o f this sugges t ion m i g h t d e p e n d on e x a c t l y w h e r e the e g g i s i n the 

female ' s b o d y d u r i n g the t ime o f h o l d i n g . O r i s he , a s D r W . D . H a m i l t o n 

has sugges ted to us, b l a c k m a i l i n g the f e m a l e b y , in effect, t h r e a t e n i n g to b i t e 

her h e a d off unless she pos tpones e g g - l a y i n g un t i l after fur ther c o p u l a t i o n ? 

Pe rhaps h e ga ins b y r e p e a t e d c o p u l a t i o n s , s i m p l y b y f l o o d i n g the f e m a l e ' s 

in te rna l passages w i t h his s p e r m , t h e r e b y r a i s ing the c h a n c e tha t the e g g w i l l 

e n c o u n t e r a s p e r m w i t h o u t o n e b e i n g d e l i b e r a t e l y r e l ea sed f rom the 

s p e r m a t h e c a by the f ema le . C l e a r l y these a re j u s t sugges t i ons for fur ther 
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r e sea r ch , a n d B r o c k m a n n , t o g e t h e r w i t h G r a f e n a n d o thers , i s f o l l o w i n g t h e m 

u p . P r e l i m i n a r y i n d i c a t i o n s , I u n d e r s t a n d , do no t s u p p o r t the hypo thes i s that 

m a l e s a c t u a l l y s u c c e e d i n e x e r t i n g p o w e r o v e r the sex r a t io . 

T h i s c h a p t e r i s i n t e n d e d to b e g i n the process o f u n d e r m i n i n g the r eade r ' s 

c o n f i d e n c e i n the c e n t r a l t h e o r e m o f the selfish o r g a n i s m . T h a t t h e o r e m 

states t ha t i n d i v i d u a l a n i m a l s a r e e x p e c t e d t o w o r k for the g o o d o f their o w n 

i n c l u s i v e f i t n e s s , for the g o o d o f cop ie s o f the i r o w n genes . T h e c h a p t e r has 

s h o w n tha t a n i m a l s a re q u i t e l i ke ly t o w o r k h a r d a n d v i g o r o u s l y for the g o o d 

o f s o m e o t h e r i n d i v i d u a l ' s g e n e s , a n d t o the d e t r i m e n t o f the i r o w n . T h i s i s 

no t neces sa r i l y j u s t a t e m p o r a r y d e p a r t u r e from the c e n t r a l t h e o r e m , a b r i e f 

i n t e r l u d e o f m a n i p u l a t i v e e x p l o i t a t i o n before c o u n t e r s e l e c t i o n o n the v i c t i m 

l i n e a g e redresses t he b a l a n c e . I h a v e sugges t ed tha t f u n d a m e n t a l a s y m 

met r i e s such as the l i f e /d inne r p r i n c i p l e , a n d the r a r e - e n e m y effect, w i l l see 

to i t t ha t m a n y a r m s r a c e s r e a c h a s t ab le s ta te in w h i c h a n i m a l s on o n e side 

p e r m a n e n t l y w o r k for the benef i t o f a n i m a l s on the o t h e r s ide , a n d to thei r 

o w n d e t r i m e n t ; w o r k h a r d , e n e r g e t i c a l l y , w a n t o n l y a g a i n s t the i r o w n gene t i c 

interests . W h e n we see the m e m b e r s of a spec ies cons i s ten t ly b e h a v i n g in a 

c e r t a i n w a y , ' a n t i n g ' i n b i rds o r w h a t e v e r i t is, we a re a p t t o s c r a t ch o u r 

h e a d s a n d w o n d e r h o w the b e h a v i o u r benefi ts the a n i m a l s ' i nc lu s ive f i t n e s s . 

H o w does i t benef i t a b i r d to a l l o w ants to run a l l t h r o u g h its fea thers? Is i t 

u s ing the an t s t o c l e a n i t o f pa ras i t es , o r w h a t ? T h e c o n c l u s i o n o f this c h a p t e r 

is t ha t we m i g h t in s t ead ask whose i nc lu s ive fitness the b e h a v i o u r is 

b e n e f i t i n g ! I s i t the a n i m a l ' s o w n , o r t ha t o f s o m e m a n i p u l a t o r l u rk ing 

b e h i n d the s c e n e s ? In the case o f ' a n t i n g ' i t does seem r e a s o n a b l e to 

s p e c u l a t e a b o u t a d v a n t a g e s to the b i rd , bu t p e r h a p s we shou ld g i v e a t least a 

s i d e w a y s g l a n c e a t the poss ib i l i ty t ha t i t i s an a d a p t a t i o n for the g o o d of the 

a n t s ! 
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In 1 9 5 7 , B e n z e r a r g u e d tha t ' the g e n e ' c o u l d no l o n g e r c o n t i n u e a s a 

s ingle , un i t a ry c o n c e p t . H e spli t i t in to t h r e e : the m u t o n w a s the m i n i m u m 

uni t o f m u t a t i o n a l c h a n g e ; the r e c o n w a s the m i n i m u m un i t o f r e c o m b i 

n a t i o n ; a n d the c i s t ron w a s def ined in a w a y tha t w a s d i r e c t l y a p p l i c a b l e 

o n l y to m i c r o o r g a n i s m s , b u t i t w a s e f fec t ive ly e q u i v a l e n t to the un i t 

responsib le for s y n t h e s i z i n g o n e p o l y p e p t i d e c h a i n . I h a v e s u g g e s t e d a d d i n g 

a fourth uni t , the optimon, the uni t of n a t u r a l s e l ec t ion ( D a w k i n s 1 9 7 8 b ) . 

I n d e p e n d e n t l y , E . M a y r (pe r sona l c o m m u n i c a t i o n ) c o i n e d the t e r m 

' se lec ton ' t o s e rve the s a m e p u r p o s e . T h e o p t i m o n (or se l ec ton) i s the 

' s o m e t h i n g ' t o w h i c h w e refer w h e n w e speak o f a n a d a p t a t i o n a s b e i n g 'for 

the g o o d of ' s o m e t h i n g . T h e q u e s t i o n is, w h a t i s t h a t s o m e t h i n g ; w h a t i s the 

o p t i m o n ? 

T h e ques t i on o f w h a t i s the ' un i t o f s e l e c t i o n ' has b e e n d e b a t e d from t i m e 

t o t ime i n the l i t e r a tu re b o t h o f b i o l o g y ( W y n n e - E d w a r d s 1 9 6 2 ; W i l l i a m s 

1 9 6 6 ; L e w o n t i n 1 9 7 0 a ; L e i g h 1 9 7 7 ; D a w k i n s 1 9 7 8 a ; A l e x a n d e r & B o r g i a 

1 9 7 8 ; W r i g h t 1980) a n d o f p h i l o s o p h y ( H u l l 1 9 8 0 a , b ; W i m s a t t i n p r e p a r a 

t ion) . At f i r s t s ight i t seems a r a the r uselessly t h e o l o g i c a l a r g u m e n t . H u l l , 

i ndeed , e x p l i c i t l y r e g a r d s i t a s ' m e t a p h y s i c a l ' ( t h o u g h n o n e the w o r s e 

for t ha t ) . I mus t jus t i fy my interes t i n it. W h y does i t m a t t e r w h a t we 

cons ide r to be the un i t o f s e l ec t i on? T h e r e a re v a r i o u s reasons , b u t I shal l 

g i v e o n l y one . I a g r e e w i t h W i l l i a m s ( 1 9 6 6 ) , C u r i o ( 1 9 7 3 ) a n d o the r s tha t 

there is a need to d e v e l o p a ser ious s c i ence of a d a p t a t i o n — t e l e o n o m y as 

P i t t e n d r i g h (1958) c a l l e d it. T h e c e n t r a l t h e o r e t i c a l p r o b l e m o f t e l e o n o m y 

wi l l be that o f the n a t u r e o f the en t i ty for w h o s e benef i t a d a p t a t i o n s m a y be 

said to exist . A r e they for the benef i t o f the i n d i v i d u a l o r g a n i s m , for the 

benefi t of the g r o u p or spec ies of w h i c h i t i s a m e m b e r , or for the benef i t of 

some sma l l e r un i t ins ide the i n d i v i d u a l o r g a n i s m ? A s a l r e a d y e m p h a s i z e d i n 

C h a p t e r 3 , this r e a l l y ma t t e r s . A d a p t a t i o n s for the g o o d o f a g r o u p w i l l l ook 

qu i t e different f rom a d a p t a t i o n s for the g o o d o f an i n d i v i d u a l . 

81 
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G o u l d ( 1 9 7 7 b ) sets o u t w h a t , a t f i r s t s ight , a p p e a r s t o be the i ssue : 

T h e i d e n t i f i c a t i o n of i n d i v i d u a l s as the uni t o f se lec t ion i s a cen t ra l 

t h e m e i n D a r w i n ' s t h o u g h t . . . I n d i v i d u a l s a re the uni t o f s e l ec t ion ; 

the ' s t r u g g l e for e x i s t e n c e ' i s a m a t t e r a m o n g i n d i v i d u a l s . . . In the 

last fifteen y e a r s c h a l l e n g e s to D a r w i n ' s focus on i n d i v i d u a l s h a v e 

c o m e f rom a b o v e a n d f rom b e l o w . F r o m a b o v e , Sco t t i sh b io logis t 

V . C . W y n n e - E d w a r d s ra i sed o r t h o d o x hack l e s f i f t e e n yea r s a g o b y 

a r g u i n g tha t g r o u p s , no t i n d i v i d u a l s , a re uni ts o f se lec t ion , a t least for 

the e v o l u t i o n o f soc ia l b e h a v i o u r . F r o m b e l o w , E n g l i s h b io logis t 

R i c h a r d D a w k i n s has r e c e n t l y ra ised m y h a c k l e s w i t h his c l a i m that 

g e n e s t h e m s e l v e s a re uni ts o f se lec t ion , a n d i n d i v i d u a l s m e r e l y their 

t e m p o r a r y r e c e p t a c l e s . 

G o u l d i s i n v o k i n g the i d e a o f a h i e r a r c h y o f leve ls in the o r g a n i z a t i o n o f 

life. He sees h i m s e l f a s p e r c h e d on an i n t e r m e d i a t e r u n g o f a l adde r , w i t h 

g r o u p se lec t ion is t s a b o v e a n d g e n e se lect ionis ts b e l o w . T h e p resen t c h a p t e r 

a n d the n e x t w i l l s h o w tha t this k ind of ana lys i s i s false. T h e r e is, of course , a 

h i e r a r c h y o f l eve l s o f b i o l o g i c a l o r g a n i z a t i o n (see n e x t c h a p t e r ) , bu t G o u l d i s 

a p p l y i n g i t i n c o r r e c t l y . T h e c o n v e n t i o n a l d i spu te b e t w e e n g r o u p se lec t ion 

a n d i n d i v i d u a l s e l ec t ion i s di f ferent in c a t e g o r y f rom the a p p a r e n t d i spu te 

b e t w e e n i n d i v i d u a l se l ec t ion a n d g e n e se lec t ion . I t i s w r o n g to th ink o f the 

th ree as a r r a n g e d on a s i n g l e - d i m e n s i o n a l l a d d e r , s u c h tha t w o r d s l ike 

' a b o v e ' a n d ' b e l o w ' h a v e t r ans i t ive m e a n i n g . I sha l l s h o w that the we l l - a i r ed 

d i s p u t e b e t w e e n g r o u p a n d i n d i v i d u a l i s c o n c e r n e d w i t h w h a t I shal l ca l l 

' v e h i c l e s e l e c t i o n ' a n d c a n be r e g a r d e d as a f ac tua l b i o l o g i c a l d i spu te a b o u t 

uni ts o f n a t u r a l s e l ec t i on . T h e a t t a c k ' f rom b e l o w ' , o n the o the r h a n d , i s 

r e a l l y an a r g u m e n t a b o u t w h a t we o u g h t t o mean w h e n we ta lk a b o u t a un i t 

o f n a t u r a l s e l ec t i on . 

T o a n t i c i p a t e the c o n c l u s i o n o f these t w o c h a p t e r s , there a re t w o w a y s i n 

w h i c h w e c a n c h a r a c t e r i z e n a t u r a l se lec t ion . B o t h are c o r r e c t ; t hey s imp ly 

focus on di f ferent a spec t s o f the s a m e process . E v o l u t i o n i s the e x t e r n a l a n d 

v i s ib l e m a n i f e s t a t i o n of the di f ferent ia l s u r v i v a l o f a l t e r n a t i v e replicators 

( D a w k i n s 1 9 7 8 a ) . G e n e s a re r e p l i c a t o r s ; o r g a n i s m s a n d g r o u p s o f o rgan i sms 

a re bes t no t r e g a r d e d as r e p l i c a t o r s ; t hey are vehicles in w h i c h rep l ica tors 

t r a v e l a b o u t . R e p l i c a t o r se l ec t ion i s the process by w h i c h s o m e rep l ica to rs 

s u r v i v e a t the e x p e n s e o f o t h e r r ep l i ca to r s . V e h i c l e se lec t ion i s the process by 

w h i c h s o m e v e h i c l e s a re m o r e successful t han o t h e r v e h i c l e s i n ensu r ing the 

s u r v i v a l o f the i r r e p l i c a t o r s . T h e c o n t r o v e r s y a b o u t g r o u p se lec t ion versus 

i n d i v i d u a l s e l ec t ion i s a c o n t r o v e r s y a b o u t the r iva l c l a i m s of t w o sugges ted 

k inds o f v e h i c l e . T h e c o n t r o v e r s y a b o u t g e n e se lec t ion versus i n d i v i d u a l (or 

g r o u p ) s e l ec t ion i s a c o n t r o v e r s y a b o u t w h e t h e r , w h e n we ta lk a b o u t a unit of 

s e l ec t ion , we o u g h t to m e a n a v e h i c l e a t a l l , o r a r e p l i c a t o r . M u c h the same 
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poin t has b e e n r e a l i z e d b y the p h i l o s o p h e r D . L . H u l l (1980a,b), b u t af ter 

some t h o u g h t I prefer t o persist w i t h my o w n t e r m i n o l o g y r a t h e r t h a n a d o p t 

his ' i n t e r ac to r s ' a n d ' e v o l v o r s ' . 

I def ine a replicator as a n y t h i n g in the un ive r se of w h i c h c o p i e s a re m a d e . 

E x a m p l e s a re a D N A m o l e c u l e , a n d a sheet o f p a p e r t ha t i s x e r o x e d . 

R e p l i c a t o r s m a y b e classif ied i n t w o w a y s . T h e y m a y b e ' a c t i v e ' o r ' p a s s i v e ' , 

a n d , c u t t i n g across this c lass i f ica t ion , t hey m a y b e ' g e r m - l i n e ' o r ' d e a d - e n d ' 

r ep l i ca to r s . 

An active replicator i s a n y r e p l i c a t o r w h o s e n a t u r e has s o m e i n f l u e n c e o v e r 

its p r o b a b i l i t y o f b e i n g c o p i e d . F o r e x a m p l e a D N A m o l e c u l e , v i a p r o t e i n 

synthesis , exer ts p h e n o t y p i c effects w h i c h in f luence w h e t h e r i t i s c o p i e d : this 

is w h a t n a t u r a l s e l ec t ion is a l l a b o u t . A passive replicator is a r e p l i c a t o r w h o s e 

na tu re has no in f luence o v e r its p r o b a b i l i t y o f b e i n g c o p i e d . A x e r o x e d shee t 

o f p a p e r a t f i r s t s ight seems to be an e x a m p l e , b u t s o m e m i g h t a r g u e tha t its 

na tu re does i n f luence w h e t h e r i t i s c o p i e d , a n d the re fore t ha t i t i s a c t i v e : 

h u m a n s are m o r e l ike ly t o x e r o x s o m e sheets o f p a p e r t h a n o the r s , b e c a u s e o f 

w h a t i s wr i t t en on t h e m , a n d these cop ie s a re , in the i r tu rn , r e l a t i v e l y l i ke ly 

to be c o p i e d a g a i n . A sec t ion o f D N A tha t i s n e v e r t r a n s c r i b e d m i g h t be a 

g e n u i n e e x a m p l e o f a pass ive r e p l i c a t o r (bu t see C h a p t e r 9 on 'selfish D N A ' ) . 

A germ-line replicator ( w h i c h m a y be a c t i v e or pass ive) is a r e p l i c a t o r tha t is 

po t en t i a l l y the ances to r o f a n indef in i t e ly l o n g l ine o f d e s c e n d a n t r ep l i c a to r s . 

A g e n e in a g a m e t e is a g e r m - l i n e r ep l i ca to r . So is a g e n e in o n e of the g e r m -

l ine cel ls of a b o d y , a d i r e c t m i to t i c ances to r of a g a m e t e . So is a n y g e n e in 

Amoeba proteus. So i s an R N A m o l e c u l e in o n e of O r g e l ' s ( 1 9 7 9 ) tes t - tubes . A 

dead-end replicator ( w h i c h a lso m a y be a c t i v e or pass ive) is a r e p l i c a t o r w h i c h 

m a y be c o p i e d a f in i te n u m b e r of t imes , g i v i n g rise to a shor t c h a i n of 

de scendan t s , bu t w h i c h i s de f in i t e ly no t the p o t e n t i a l a n c e s t o r o f an 

indef in i te ly l o n g l ine o f d e s c e n d a n t s . M o s t o f the D N A m o l e c u l e s i n o u r 

bodies a re d e a d - e n d r ep l i ca to r s . T h e y m a y b e the ances to r s o f a f e w d o z e n 

gene ra t i ons o f mi to t i c r e p l i c a t i o n , b u t t hey w i l l de f in i t e ly no t b e l o n g - t e r m 

ances tors . 

A D N A m o l e c u l e i n the g e r m - l i n e o f a n i n d i v i d u a l w h o h a p p e n s t o d i e 

y o u n g , o r w h o o t h e r w i s e fails to r e p r o d u c e , s h o u l d no t be c a l l e d a d e a d - e n d 

rep l i ca to r . S u c h g e r m - l i n e s a re , a s i t turns ou t , t e r m i n a l . T h e y fail i n w h a t 

m a y m e t a p h o r i c a l l y b e c a l l e d their a sp i r a t ion t o i m m o r t a l i t y . D i f fe ren t i a l 

fai lure o f this k ind i s w h a t w e m e a n by n a t u r a l s e l ec t i on . B u t w h e t h e r i t 

succeeds in p r a c t i c e or no t , a n y g e r m - l i n e r e p l i c a t o r i s potentially i m m o r t a l . I t 

' aspi res ' t o i m m o r t a l i t y b u t i n p r a c t i c e i s i n d a n g e r o f f a i l i ng . A l l the D N A 

m o l e c u l e s in fully s ter i le soc ia l insect w o r k e r s , h o w e v e r , a r e t rue d e a d - e n d 

rep l ica to rs . T h e y do no t e v e n asp i re t o r e p l i c a t e i nde f in i t e ly . W o r k e r s l a c k a 

g e r m - l i n e , no t as a m a t t e r of mis fo r tune b u t as a m a t t e r of d e s i g n . In this 

respect they r e s e m b l e h u m a n l ive r cel ls r a t he r t h a n the s p e r m a t o g o n i a o f a 

h u m a n w h o h a p p e n s t o b e c e l i b a t e . T h e r e m a y b e a w k w a r d i n t e r m e d i a t e 
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cases , for i n s t a n c e the ' s t e r i l e ' w o r k e r w h o b e c o m e s f a c u l t a t i v e l y fertile i f her 

m o t h e r d ies , a n d the Streptocarpus l e a f w h i c h is not e x p e c t e d to p r o p a g a t e a 

n e w p l a n t b u t w h i c h c a n do so i f p l a n t e d as a c u t t i n g . B u t this i s g e t t i n g 

t h e o l o g i c a l : le t us not w o r r y precisely h o w m a n y a n g e l s c a n d a n c e on a p in ' s 

h e a d . 

As I sa id , the a c t i v e / p a s s i v e d i s t inc t ion cuts across the g e r m - l i n e / d e a d - e n d 

d i s t i nc t i on . A l l four c o m b i n a t i o n s a re c o n c e i v a b l e . P a r t i c u l a r interest 

a t t a c h e s to o n e of the four, the a c t i v e g e r m - l i n e r e p l i c a t o r , for i t is, I sugges t , 

the ' o p t i m o n ' , the un i t for w h o s e benefi t a d a p t a t i o n s exis t . T h e reason ac t i ve 

g e r m - l i n e r e p l i c a t o r s a r e i m p o r t a n t uni ts i s tha t , w h e r e v e r in the un iverse 

t hey m a y be f o u n d , t h e y a r e l ike ly to b e c o m e the basis for n a t u r a l se lec t ion 

a n d h e n c e e v o l u t i o n . I f r e p l i c a t o r s exist tha t a re a c t i v e , v a r i a n t s o f t h e m 

w i t h c e r t a i n p h e n o t y p i c effects t end to o u t - r e p l i c a t e those w i t h o the r 

p h e n o t y p i c effects. I f t h e y a r e also g e r m - l i n e r ep l i ca to r s , these c h a n g e s in 

r e l a t i v e f r e q u e n c y c a n h a v e l o n g - t e r m , e v o l u t i o n a r y i m p a c t . T h e w o r l d 

t ends a u t o m a t i c a l l y t o b e c o m e p o p u l a t e d b y g e r m - l i n e r ep l i ca to r s whose 

a c t i v e p h e n o t y p i c effects a re such as to ensure the i r successful r e p l i c a t i o n . I t 

i s these p h e n o t y p i c effects t ha t we see as a d a p t a t i o n s to s u r v i v a l . W h e n we 

ask whose s u r v i v a l t hey a r e a d a p t e d to ensure , the f u n d a m e n t a l a n s w e r has to 

b e no t the g r o u p , n o r the i n d i v i d u a l o r g a n i s m , b u t the r e l e v a n t rep l i ca to rs 

t h e m s e l v e s . 

I h a v e p r e v i o u s l y s u m m e d up the qua l i t i e s of a successful r e p l i c a t o r ' in a 

s l o g a n r e m i n i s c e n t o f the F r e n c h R e v o l u t i o n : L o n g e v i t y , F e c u n d i t y , 

F i d e l i t y ' ( D a w k i n s 1 9 7 8 a ) . H u l l (1980b) e x p l a i n s the po in t c l e a r l y . 

R e p l i c a t o r s n e e d no t last fo rever . T h e y need o n l y last l o n g e n o u g h to 

p r o d u c e a d d i t i o n a l r ep l i ca to r s [ f ecund i ty ] tha t r e ta in thei r s t ruc ture 

l a r g e l y i n t ac t [ f i de l i t y ] . T h e r e l e v a n t l o n g e v i t y c o n c e r n s the re ten t ion 

o f s t r uc tu r e t h r o u g h de scen t . S o m e ent i t ies , t h o u g h s t ruc tu ra l ly 

s imi l a r , a r e no t cop ie s b e c a u s e t hey a r e not r e l a t ed by descen t . For 

e x a m p l e , a l t h o u g h a t o m s o f g o l d a re s t ruc tu ra l l y s imi la r , they are not 

c o p i e s o f o n e a n o t h e r b e c a u s e a t o m s o f g o l d do not g i v e rise t o o the r 

a t o m s o f g o l d . C o n v e r s e l y , a l a r g e m o l e c u l e c a n b r e a k d o w n into 

s u c c e s s i v e l y s m a l l e r m o l e c u l e s a s its q u a t e r n a r y , t e r t i a ry , a n d 

s e c o n d a r y b o n d s a re s eve red . A l t h o u g h descen t i s present , these 

succe s s ive ly s m a l l e r m o l e c u l e s c a n n o t c o u n t a s cop ies b e c a u s e they 

l a c k the requ i s i t e s t ruc tu ra l s imi l a r i ty . 

A r e p l i c a t o r m a y be said to ' bene f i t ' f rom a n y t h i n g that increases the 

n u m b e r o f its d e s c e n d a n t ( ' g e r m - l i n e ' ) cop ie s . T o the ex t en t tha t a c t i ve 

g e r m - l i n e r e p l i c a t o r s benef i t f rom the s u r v i v a l o f the bod ies in w h i c h they sit, 

we m a y e x p e c t t o see a d a p t a t i o n s tha t c a n be in t e rp re t ed a s for bod i l y 

s u r v i v a l . A l a r g e n u m b e r o f a d a p t a t i o n s a re o f this t y p e . T o the ex t en t tha t 
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a c t i v e g e r m - l i n e r ep l i ca to r s benef i t f rom the s u r v i v a l o f b o d i e s other t h a n 

those i n w h i c h t hey sit, we m a y e x p e c t t o see ' a l t r u i s m ' , p a r e n t a l c a r e , e t c . 

T o the ex ten t tha t a c t i v e g e r m - l i n e r ep l i ca to r s benef i t f rom the s u r v i v a l o f 

the g r o u p o f i n d i v i d u a l s i n w h i c h t hey sit, o v e r a n d a b o v e the t w o effects j u s t 

m e n t i o n e d , w e m a y e x p e c t t o see a d a p t a t i o n s for the p r e s e r v a t i o n o f the 

g r o u p . B u t a l l these a d a p t a t i o n s w i l l exis t , f u n d a m e n t a l l y , t h r o u g h 

different ial r e p l i c a t o r s u r v i v a l . T h e bas ic b e n e f i c i a r y o f a n y a d a p t a t i o n i s the 

a c t i v e g e r m - l i n e r e p l i c a t o r , the o p t i m o n . 

I t i s i m p o r t a n t no t to forget the ' g e r m - l i n e ' p r o v i s o in the spec i f i ca t i on of 

the o p t i m o n . T h i s i s the p o i n t o f H u l l ' s g o l d a t o m a n a l o g y . K r e b s ( 1 9 7 7 ) a n d 

I ( D a w k i n s 1979a ) h a v e p r e v i o u s l y c r i t i c i z e d B a r a s h ( 1 9 7 7 ) for s u g g e s t i n g 

tha t steri le w o r k e r insects c a r e for other workers b e c a u s e t h e y sha re g e n e s w i t h 

t h e m . I w o u l d no t h a r p on this a g a i n , h a d the e r ro r no t b e e n r e p e a t e d t w i c e 

recen t ly i n pr in t (Ba ra sh 1 9 7 8 ; K i r k 1980) . I t w o u l d b e m o r e c o r r e c t t o say 

tha t w o r k e r s c a r e for the i r reproductive s ib l ings w h o c a r r y g e r m - l i n e c o p i e s o f 

the c a r i n g genes . I f t h e y c a r e for o t h e r w o r k e r s , i t i s b e c a u s e those o t h e r 

worke r s are l ike ly t o w o r k o n b e h a l f o f the s a m e r e p r o d u c t i v e s (to w h o m they 

also are k i n ) , not b e c a u s e the w o r k e r s a r e k in to e a c h o t h e r . W o r k e r g e n e s 

m a y b e a c t i v e , b u t t h e y a re d e a d - e n d , no t g e r m - l i n e r e p l i c a t o r s . 

No c o p y i n g process i s in fa l l ib le . I t i s no p a r t o f the de f in i t i on of a 

r ep l i ca to r tha t its cop i e s mus t a l l be per fec t . I t i s f u n d a m e n t a l to the i d e a of a 

r ep l i ca to r tha t w h e n a m i s t a k e or ' m u t a t i o n ' does o c c u r i t i s passed on to 

future c o p i e s : the m u t a t i o n b r ings in to ex i s t ence a n e w k i n d o f r e p l i c a t o r 

w h i c h ' b reeds t rue ' un t i l the re i s a fur ther m u t a t i o n . W h e n a sheet of p a p e r 

i s x e r o x e d , a b l e m i s h m a y a p p e a r on the c o p y w h i c h w a s no t p resen t on the 

o r ig ina l . I f the x e r o x c o p y i tself i s n o w c o p i e d , the b l emi sh i s i n c o r p o r a t e d 

in to the s econd c o p y ( w h i c h m a y a lso i n t r o d u c e a n e w b l e m i s h o f its o w n ) . 

T h e i m p o r t a n t p r i n c i p l e i s t ha t in a c h a i n of r e p l i c a t o r s e r rors a re 

c u m u l a t i v e . 

I h a v e p r e v i o u s l y used the w o r d ' g e n e ' in the s a m e sense as I w o u l d n o w 

use ' gene t i c r e p l i c a t o r ' , to refer to a g e n e t i c f r a g m e n t w h i c h , for a l l t ha t i t 

serves as a un i t o f se lec t ion , does no t h a v e r i g i d l y f ixed b o u n d a r i e s . T h i s has 

not m e t w i t h u n i f o r m a p p r o v a l . T h e e m i n e n t m o l e c u l a r b i o l o g i s t G u n t h e r 

S ten t ( 1 9 7 7 ) w r o t e tha t ' O n e o f the g r e a t t r i u m p h s o f 20th c e n t u r y b i o l o g y 

w a s the e v e n t u a l u n a m b i g u o u s iden t i f i ca t ion o f the M e n d e l i a n h e r e d i t a r y 

factor , o r g e n e . . . a s t ha t un i t o f g e n e t i c m a t e r i a l . . . i n w h i c h the a m i n o a c i d 

s e q u e n c e of a p a r t i c u l a r p r o t e i n i s e n c o d e d . ' S t e n t therefore v i o l e n t l y 

ob j ec t ed to my a d o p t i n g the e q u i v a l e n t o f W i l l i a m s ' s (1966) de f in i t ion o f a 

g e n e a s ' tha t w h i c h seg rega t e s a n d r e c o m b i n e s w i t h a p p r e c i a b l e f r e q u e n c y ' , 

d e s c r i b i n g i t as a ' h e i n o u s t e r m i n o l o g i c a l s in ' . 

S u c h m o t h e r l y p ro t ec t i venes s t o w a r d s a r a the r r e c e n t l y u s u r p e d t e c h n i c a l 

t e rm i s no t un ive r sa l a m o n g m o l e c u l a r b io log i s t s , for o n e o f the g rea t e s t o f 

t h e m has r e c e n t l y w r i t t e n tha t ' the t h e o r y o f the "self ish g e n e " w i l l h a v e t o 
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b e e x t e n d e d t o a n y s t r e t c h o f D N A ' ( C r i c k 1 9 7 9 ) . A n d , a s w e s a w a t the 

b e g i n n i n g o f this c h a p t e r , a n o t h e r m o l e c u l a r b io log i s t o f t h e first rank, 

S e y m o u r B e n z e r ( 1 9 5 7 ) , r e c o g n i z e d the s h o r t c o m i n g s o f the t r a d i t i o n a l g e n e 

c o n c e p t , b u t r a t h e r t h a n g r a b t h e t r a d i t i o n a l w o r d g e n e i tself for o n e 

p a r t i c u l a r m o l e c u l a r u s a g e , h e c h o s e the m o r e m o d e s t c o u r s e o f c o i n i n g a 

useful set o f n e w t e r m s — m u t o n , r e c o n a n d c i s t ron, t o w h i c h w e m a y a d d the 

o p t i m o n . B e n z e r r e c o g n i z e d t h a t a l l t h r e e o f his uni t s h a d c l a i m s t o b e 

r e g a r d e d a s e q u i v a l e n t t o t h e g e n e o f the e a r l i e r l i t e r a t u r e . S t e n t ' s 

u n c o m p r o m i s i n g e l e v a t i o n o f the c i s t ron t o the h o n o u r i s a r b i t r a r y , t h o u g h 

a d m i t t e d l y i t i s q u i t e c o m m o n . A m o r e b a l a n c e d v i e w w a s g i v e n b y the 

l a m e n t e d W . T . K e e t o n ( 1 9 8 0 ) : ' I t m a y s e e m s t r a n g e t h a t genet ic i s t s 

c o n t i n u e t o e m p l o y dif ferent de f in i t ions o f the g e n e for dif ferent purposes . 

T h e fac t i s t h a t , a t t h e p r e s e n t s t a g e o f k n o w l e d g e , o n e d e f i n i t i o n i s m o r e 

useful i n o n e c o n t e x t a n d a n o t h e r i n a n o t h e r c o n t e x t ; a r ig id t e r m i n o l o g y 

w o u l d o n l y h a m p e r t h e f o r m u l a t i o n o f c u r r e n t i d e a s a n d r e s e a r c h a i m s . ' 

L e w o n t i n ( 1 9 7 0 b ) , t o o , gets i t r i g h t w h e n h e says t h a t ' i t i s o n l y the 

c h r o m o s o m e s t h a t o b e y M e n d e l ' s L a w o f I n d e p e n d e n t A s s o r t m e n t , a n d o n l y 

the n u c l e o t i d e b a s e t h a t i s i n d i v i s i b l e . T h e c o d o n s a n d the g e n e s [cistrons] lie 

i n b e t w e e n , b e i n g n e i t h e r u n i t a r y n o r i n d e p e n d e n t i n the i r b e h a v i o r a t 

m e i o s i s . ' 

B u t let u s n o t b e c o m e w o r k e d u p o v e r t e r m i n o l o g y . M e a n i n g s o f w o r d s are 

i m p o r t a n t , b u t n o t i m p o r t a n t e n o u g h t o jus t i fy the i l l- feel ing t h e y s o m e t i m e s 

p r o v o k e , a s i n t h e p r e s e n t c a s e o f S t e n t ( a n d a l so a s i n S t e n t ' s p a s s i o n a t e a n d 

a p p a r e n t l y s i n c e r e d e n u n c i a t i o n o f m y f o l l o w i n g the s t a n d a r d m o d e r n 

fashion o f r e d e f i n i n g 'self ishness ' a n d ' a l t r u i s m ' i n n o n - s u b j e c t i v e senses—see 

D a w k i n s , 1 9 8 1 , for a r e p l y to a s i m i l a r c r i t i c i s m ) . I am h a p p y to r e p l a c e 

' g e n e ' w i t h ' g e n e t i c r e p l i c a t o r ' w h e r e t h e r e i s a n y d o u b t . 

H e i n o u s t e r m i n o l o g i c a l sins as ide, S t e n t m a k e s the m o r e i m p o r t a n t point 

t h a t m y u n i t i s n o t p r e c i s e l y d e l i m i t e d i n the w a y t h a t the c i s t ron is. W e l l , 

p e r h a p s I s h o u l d s a y ' in t h e w a y t h a t the c i s t ron o n c e s e e m e d to b e ' , for the 

r e c e n t d i s c o v e r y o f ' e m b e d d e d ' c i s t rons i n v i r u s Φ X i 7 4 , a n d o f ' e x o n s ' 

s u r r o u n d i n g ' i n t r o n s ' m u s t b e c a u s i n g a l i tt le d i s c o m f o r t t o a n y o n e w h o likes 

his uni t s r i g i d . C r i c k ( 1 9 7 9 ) expresses the sense o f n o v e l t y w e l l : ' I n the last 2 

y e a r s t h e r e h a s b e e n a m i n i - r e v o l u t i o n in m o l e c u l a r g e n e t i c s . W h e n I c a m e 

to C a l i f o r n i a , in S e p t e m b e r 1 9 7 6 , I h a d no i d e a t h a t a t y p i c a l g e n e m i g h t be 

spl i t i n t o s e v e r a l p i e c e s a n d I d o u b t i f a n y o n e else h a d . ' C r i c k s igni f icant ly 

a d d s a f o o t n o t e to the w o r d g e n e : ' T h r o u g h o u t this a r t i c l e I h a v e 

d e l i b e r a t e l y used t h e w o r d " g e n e " in a loose sense s ince a t this t i m e a n y 

p r e c i s e d e f i n i t i o n w o u l d b e p r e m a t u r e . ' M y u n i t o f s e l e c t i o n , w h e t h e r I 

c a l l e d i t g e n e ( D a w k i n s 1 9 7 6 a ) o r r e p l i c a t o r ( 1 9 7 8 a ) n e v e r h a d a n y 

p r e t e n s i o n s t o u n i t a r i n e s s a n y w a y . F o r the p u r p o s e s for w h i c h i t w a s def ined, 

u n i t a r i n e s s i s n o t an i m p o r t a n t c o n s i d e r a t i o n , a l t h o u g h I r e a d i l y see that i t 

m i g h t b e i m p o r t a n t for o t h e r p u r p o s e s . 
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T h e w o r d r e p l i c a t o r i s p u r p o s e l y de f ined in a g e n e r a l w a y , so tha t i t does 

not e v e n h a v e t o refer t o D N A . I a m , i n d e e d , q u i t e s y m p a t h e t i c t o w a r d s the 

idea tha t h u m a n c u l t u r e p r o v i d e s a n e w m i l i e u in w h i c h an en t i r e ly different 

k ind o f r e p l i c a t o r se l ec t ion c a n g o o n . I n the n e x t c h a p t e r w e sha l l l ook 

brief ly a t this m a t t e r , a n d a lso a t the c l a i m s of spec ies g e n e - p o o l s to be 

r e g a r d e d as r e p l i c a t o r s in a l a r g e - s c a l e s e l e c t i o n p roce s s g o v e r n i n g 

' m a c r o e v o l u t i o n a r y ' t rends . B u t i n the rest o f this c h a p t e r we sha l l be 

c o n c e r n e d o n l y w i t h g e n e t i c f r a g m e n t s , a n d ' r e p l i c a t o r ' w i l l b e used a s a n 

a b b r e v i a t i o n for ' g ene t i c r e p l i c a t o r ' . 

I n p r inc ip l e , we m a y c o n s i d e r a n y po r t i on o f c h r o m o s o m e a s a p o t e n t i a l 

c a n d i d a t e for the ti t le o f r e p l i c a t o r . N a t u r a l s e l ec t ion m a y u s u a l l y be safely 

r e g a r d e d as the d i f ferent ia l s u r v i v a l o f r ep l i ca to r s r e l a t i v e to the i r a l l e les . 

T h e w o r d a l l e le i s n o w a d a y s c u s t o m a r i l y used o f c is t rons b u t i t i s c l e a r l y 

easy, a n d in the spir i t o f this c h a p t e r , to g e n e r a l i z e i t to a n y p o r t i o n of 

c h r o m o s o m e . I f we look a t a p o r t i o n o f c h r o m o s o m e f ive c is t rons l o n g , its 

a l le les a re the a l t e r n a t i v e sets o f f ive c is t rons tha t exis t a t the h o m o l o g o u s loc i 

o f a l l the c h r o m o s o m e s i n the p o p u l a t i o n . A n a l l e l e o f a n a r b i t r a r y s e q u e n c e 

o f twen ty - s ix c o d o n s i s a n a l t e r n a t i v e h o m o l o g o u s s e q u e n c e o f t w e n t y - s i x 

codons s o m e w h e r e i n the p o p u l a t i o n . A n y s t re tch o f D N A , b e g i n n i n g a n d 

e n d i n g a t a r b i t r a r i l y c h o s e n po in t s on the c h r o m o s o m e , c a n be c o n s i d e r e d to 

b e c o m p e t i n g w i t h a l l e l o m o r p h i c s t re tches for the r e g i o n o f c h r o m o s o m e 

c o n c e r n e d . I t fur ther fo l lows tha t w e c a n g e n e r a l i z e the te rms h o m o z y g o u s 

and h e t e r o z y g o u s . H a v i n g p i c k e d ou t a n a r b i t r a r y l e n g t h o f c h r o m o s o m e a s 

our c a n d i d a t e r e p l i c a t o r , we look a t the h o m o l o g o u s c h r o m o s o m e in the 

s a m e d i p l o i d i n d i v i d u a l . I f the t w o c h r o m o s o m e s a r e i d e n t i c a l o v e r the 

w h o l e l eng th o f the r e p l i c a t o r , the i n d i v i d u a l i s h o m o z y g o u s for t ha t 

r ep l i ca to r , o t h e r w i s e i t is h e t e r o z y g o u s . 

W h e n I said ' a r b i t r a r i l y c h o s e n po r t i on of c h r o m o s o m e ' , I r e a l l y m e a n t 

a rb i t r a r i ly . T h e t w e n t y - s i x c o d o n s tha t I chose m i g h t w e l l span the b o r d e r 

b e t w e e n t w o c is t rons . T h e s e q u e n c e still p o t e n t i a l l y f i t s the de f in i t i on o f a 

r ep l i ca to r , i t i s still poss ib le to th ink of i t as h a v i n g a l l e l e s , a n d i t still m a y be 

t h o u g h t o f a s h o m o z y g o u s o r h e t e r o z y g o u s t o the c o r r e s p o n d i n g p o r t i o n o f 

the h o m o l o g o u s c h r o m o s o m e in a d i p l o i d g e n o t y p e . T h i s , t hen , i s o u r 

c a n d i d a t e r ep l i ca to r . Bu t a c a n d i d a t e s h o u l d be r e g a r d e d as an actual 

r ep l i ca to r o n l y i f i t possesses s o m e m i n i m u m d e g r e e o f l o n g e v i t y / f e c u n d i t y / 

f ideli ty ( there m a y b e trade-offs a m o n g the t h r e e ) . O t h e r th ings b e i n g e q u a l , 

i t i s c l e a r tha t l a r g e r c a n d i d a t e s w i l l h a v e l o w e r l o n g e v i t y / f e c u n d i t y / f i d e l i t y 

than s m a l l e r ones b e c a u s e t h e y a re m o r e v u l n e r a b l e t o b e i n g b r o k e n b y 

r e c o m b i n a t i o n even t s . S o , how l a r g e a n d h o w s m a l l a p o r t i o n o f c h r o m o s o m e 

is it useful to t rea t as a r e p l i c a t o r ? 

T h i s d e p e n d s o n the a n s w e r t o a n o t h e r q u e s t i o n : 'useful for w h a t ? ' T h e 

reason a r e p l i c a t o r is in te res t ing to D a r w i n i a n s is t ha t it is p o t e n t i a l l y 

i m m o r t a l , or a t least v e r y l o n g - l i v e d in the fo rm of c o p i e s . A successful 
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r e p l i c a t o r i s o n e tha t s u c c e e d s in l a s t ing , in the fo rm of cop i e s , for a v e r y l o n g 

t i m e m e a s u r e d i n g e n e r a t i o n s , a n d succeeds i n p r o p a g a t i n g m a n y cop ies o f 

itself. An unsuccess fu l r e p l i c a t o r i s o n e tha t p o t e n t i a l l y m i g h t h a v e been 

l o n g - l i v e d , b u t in fact fa i led to s u r v i v e , say b e c a u s e i t c a u s e d the success ive 

bod i e s i n w h i c h i t found i tse l f t o b e s e x u a l l y u n a t t r a c t i v e . W e m a y a p p l y the 

t e rms ' success fu l ' a n d ' unsuccess fu l ' t o a n y a r b i t r a r i l y def ined po r t ion o f 

c h r o m o s o m e . Its success is m e a s u r e d r e l a t i v e to its a l le les , a n d , i f there is 

h e t e r o z y g o s i t y a t the r e p l i c a t o r l ocus in the p o p u l a t i o n , n a t u r a l se lec t ion wi l l 

c h a n g e the r e l a t i v e f r equenc i e s o f the a l l e l o m o r p h i c r ep l i ca to r s i n the 

p o p u l a t i o n . B u t i f the a r b i t r a r i l y c h o s e n po r t i on o f c h r o m o s o m e i s v e r y l ong 

it is no t e v e n potentially l o n g - l i v e d in its p resen t form, for i t is l ike ly to be split 

a p a r t b y c r o s s i n g - o v e r i n a n y g i v e n g e n e r a t i o n , r egard less o f h o w successful i t 

m a y b e i n m a k i n g a b o d y s u r v i v e a n d r e p r o d u c e . T o g o t o a n e x t r e m e , i f the 

p o t e n t i a l r e p l i c a t o r we cons ide r i s a w h o l e c h r o m o s o m e , the dif ference 

b e t w e e n a ' success fu l ' a n d an unsuccessful c h r o m o s o m e i s of no s ign i f i cance , 

s ince b o t h a re a l m o s t b o u n d to be spli t by c ros s ing -ove r before the n e x t 

g e n e r a t i o n in a n y c a s e : the i r ' f ide l i ty ' i s z e r o . 

T h i s c a n b e p u t i n a n o t h e r w a y . A n a rb i t r a r i l y def ined l eng th o f 

c h r o m o s o m e , o r p o t e n t i a l r e p l i c a t o r , m a y be said t o h a v e an e x p e c t e d half-

life, m e a s u r e d i n g e n e r a t i o n s . T w o k inds o f fac tor w i l l affect this half- l ife. 

F i r s t ly , r e p l i c a t o r s w h o s e p h e n o t y p i c effects r e n d e r t h e m successful a t their 

business o f p r o p a g a t i n g t h e m s e l v e s w i l l t end to h a v e a l o n g half- l ife. 

R e p l i c a t o r s w i t h l o n g e r ha l f - l ives t h a n thei r a l le les w i l l c o m e t o p r e d o m i n a t e 

in the p o p u l a t i o n , a n d this i s the f ami l i a r p rocess o f n a t u r a l se lec t ion . But i f 

we set s e l ec t i on pressures on o n e s ide , we c a n say s o m e t h i n g a b o u t the half-

life o f a r e p l i c a t o r on the basis o f its l e n g t h a l o n e . I f the s t re tch of 

c h r o m o s o m e we c h o o s e to def ine as o u r r e p l i c a t o r o f interest i s l o n g , i t w i l l 

t end to h a v e a shor t e r half- l i fe t han a shor te r r e p l i c a t o r , s i m p l y b e c a u s e i t is 

m o r e l i ke ly to be b r o k e n by c ros s ing -ove r . A v e r y l o n g po r t ion o f 

c h r o m o s o m e ceases to d e s e r v e the t i t le o f r e p l i c a t o r a t a l l . 

A c o r o l l a r y is t ha t a l o n g po r t i on of c h r o m o s o m e , e v e n i f successful in 

t e rms o f its p h e n o t y p i c effects, w i l l no t be r ep resen ted in m a n y cop ies in the 

p o p u l a t i o n . T h e Y c h r o m o s o m e e x c e p t e d , a n d d e p e n d i n g u p o n crossover 

ra tes , i t s eems u n l i k e l y tha t I sha re a n y w h o l e c h r o m o s o m e s w i t h a n y o the r 

i n d i v i d u a l . I a s s u r e d l y sha re m a n y sma l l por t ions o f c h r o m o s o m e s w i t h 

o thers , a n d i f w e c h o o s e o u r po r t ions sma l l e n o u g h thei r l i k e l i h o o d o f b e i n g 

sha red b e c o m e s v e r y h i g h i n d e e d . I t i s not n o r m a l l y useful to speak of inter-

c h r o m o s o m e se l ec t i on , there fore , s ince e a c h c h r o m o s o m e i s p r o b a b l y u n i q u e . 

N a t u r a l s e l ec t i on i s the p rocess by w h i c h r ep l i ca to r s c h a n g e in f r equency in 

the p o p u l a t i o n r e l a t i v e t o the i r a l l e les . I f the r e p l i c a t o r u n d e r cons ide ra t i on 

is so l a r g e tha t i t is p r o b a b l y u n i q u e , i t c a n n o t be said to h a v e a ' f r e q u e n c y ' 

t o c h a n g e . We m u s t c h o o s e o u r a r b i t r a r y po r t i on o f c h r o m o s o m e so tha t i t i s 

sma l l e n o u g h to last , a t least p o t e n t i a l l y , for m a n y g e n e r a t i o n s before b e i n g 
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split by c r o s s i n g - o v e r ; sma l l e n o u g h to h a v e a ' f r e q u e n c y ' t h a t c a n be 

c h a n g e d by n a t u r a l s e l ec t ion . Is i t poss ib le to c h o o s e i t loo s m a l l ? I shal l 

re turn to this q u e s t i o n b e l o w , after a p p r o a c h i n g i t f rom a n o t h e r d i r e c t i o n . 

I shal l m a k e no a t t e m p t to spec i fy exactly h o w l o n g a p o r t i o n of 

c h r o m o s o m e c a n be p e r m i t t e d to be be fo re i t ceases to be useful ly r e g a r d e d 

as a r ep l i ca to r . T h e r e i s no h a r d a n d fast ru le , a n d we d o n ' t n e e d o n e . I t 

d e p e n d s o n the s t r eng th o f the s e l ec t ion pressure o f in teres t . W e a re no t 

seek ing a n a b s o l u t e l y r ig id de f in i t ion , b u t ' a k ind o f f a d i n g - o u t de f in i t i on , 

l ike the def in i t ion o f " b i g " o r " o l d " ' . I f the s e l ec t i on pressure w e a re 

d iscuss ing i s v e r y s t rong , tha t i s i f o n e r e p l i c a t o r m a k e s its possessors v e r y 

m u c h m o r e l ike ly t o s u r v i v e a n d r e p r o d u c e t han its a l le les d o , the r e p l i c a t o r 

c a n be q u i t e l a r g e a n d still be useful ly r e g a r d e d as a un i t t ha t i s n a t u r a l l y 

se lec ted . If, on the o t h e r h a n d , the d i f fe rence in s u r v i v a l c o n s e q u e n c e s 

b e t w e e n a p u t a t i v e r e p l i c a t o r a n d its a l le les i s a l m o s t n e g l i g i b l e , the 

rep l ica tors u n d e r d iscuss ion w o u l d h a v e t o be q u i t e sma l l i f the d i f fe rence i n 

their s u r v i v a l v a l u e s i s to m a k e i tse l f felt. T h i s i s the r a t i o n a l e b e h i n d 

W i l l i a m s ' s ( 1 9 6 6 , p . 25) d e f i n i t i o n : ' I n e v o l u t i o n a r y t h e o r y , a g e n e c o u l d be 

def ined as a n y h e r e d i t a r y i n f o r m a t i o n for w h i c h the re is a f a v o r a b l e or 

u n f a v o r a b l e se lec t ion b ias e q u a l t o s e v e r a l o r m a n y t imes its r a t e o f 

e n d o g e n o u s c h a n g e . ' 

T h e poss ib i l i ty o f s t rong l i n k a g e d i s e q u i l i b r i u m ( C l e g g 1978) does no t 

w e a k e n the case . I t s i m p l y inc reases the s i ze o f the c h u n k o f g e n o m e tha t w e 

can usefully t r ea t as a r e p l i c a t o r . If, w h i c h s eems d o u b t f u l , l i n k a g e 

d i s e q u i l i b r i u m is so s t r o n g tha t p o p u l a t i o n s c o n t a i n ' o n l y a few g a m e t i c 

t ypes ' ( L e w o n t i n 1 9 7 4 , p . 3 1 2 ) , the ef fect ive r e p l i c a t o r w i l l be a v e r y l a r g e 

c h u n k o f D N A . W h e n w h a t L e w o n t i n ca l l s l c , the ' c h a r a c t e r i s t i c l e n g t h ' ( the 

' d i s t ance o v e r w h i c h c o u p l i n g i s e f f ec t i ve ' ) , i s o n l y ' a f r ac t ion o f the 

c h r o m o s o m e l e n g t h , e a c h g e n e i s o u t o f l i n k a g e e q u i l i b r i u m o n l y w i t h its 

ne ighbor s b u t i s assor ted essent ia l ly i n d e p e n d e n t l y o f o t h e r g e n e s fa r the r 

a w a y . T h e c h a r a c t e r i s t i c l e n g t h is, i n s o m e sense, the un i t o f e v o l u t i o n s ince 

genes w i t h i n i t a re h i g h l y c o r r e l a t e d . T h e c o n c e p t i s a sub t l e o n e , h o w e v e r . 

I t does not m e a n tha t the g e n o m e i s b r o k e n up in to d i sc re t e a d j a c e n t c h u n k s 

o f l eng th lc . E v e r y locus i s the c e n t e r o f s u c h a c o r r e l a t e d s e g m e n t a n d 

evo lves i n l i n k a g e w i t h the g e n e s n e a r i t ' ( L e w o n t i n 1 9 7 4 ) . 

S i m i l a r l y , S l a t k i n ( 1 9 7 2 ) w r o t e t ha t ' I t i s c l e a r tha t w h e n p e r m a n e n t 

l i n k a g e d i s e q u i l i b r i u m is m a i n t a i n e d in a p o p u l a t i o n , the h i g h e r o r d e r 

in te rac t ions a re i m p o r t a n t a n d the c h r o m o s o m e tends to a c t a s a un i t . T h e 

d e g r e e to w h i c h this i s t rue in a n y g i v e n sys t em is a m e a s u r e of w h e t h e r the 

g e n e o r the c h r o m o s o m e i s the un i t o f s e l ec t ion , or , m o r e a c c u r a t e l y , w h a t 

parts o f the g e n o m e c a n be said to be a c t i n g in u n i s o n ' . A n d T e m p l e t o n e t al. 

(1976) w r o t e tha t ' . . . t h e un i t o f se l ec t ion i s a func t ion in p a r t o f the 

intensi ty o f s e l e c t i o n : the m o r e in tense the se l ec t ion , the m o r e the w h o l e 

g e n o m e tends to h o l d t o g e t h e r as a un i t ' . I t w a s in this spir i t tha t I p l a y f u l l y 
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c o n t e m p l a t e d t i t l i ng an ea r l i e r w o r k The slightly selfish big bit of chromosome and 

the even more selfish little bit of chromosome ( D a w k i n s 1 9 7 6 a , p. 3 5 ) . 

I t h a s of ten b e e n s u g g e s t e d to me tha t a fa ta l o b j e c t i o n to r ep l i ca to r 

s e l ec t ion i sm i s the e x i s t e n c e o f w i t h i n - c i s t r o n c ros s ing -ove r . I f c h r o m o s o m e s 

w e r e l ike b e a d n e c k l a c e s , the a r g u m e n t runs , w i t h c ros s ing -ove r a l w a y s 

b r e a k i n g the n e c k l a c e b e t w e e n b e a d s a n d no t w i t h i n t h e m , y o u m i g h t hope 

to def ine d i sc re t e r e p l i c a t o r s in the p o p u l a t i o n , c o n t a i n i n g an in tegra l 

n u m b e r o f c i s t rons . B u t s ince c rossover c a n o c c u r a n y w h e r e ( W a t s o n 1 9 7 6 ) , 

no t j u s t b e t w e e n b e a d s , a l l h o p e o f de f in ing d i sc re te uni ts d i s appea r s . 

T h i s c r i t i c i sm u n d e r e s t i m a t e s the e las t i c i ty t ha t the r e p l i c a t o r c o n c e p t i s 

p e r m i t t e d by the p u r p o s e for w h i c h i t w a s c o i n e d . As I h a v e j u s t s h o w n , we 

a re no t l o o k i n g for d i sc re t e uni ts , b u t for p ieces o f c h r o m o s o m e o f 

i n d e t e r m i n a t e l e n g t h w h i c h b e c o m e m o r e o r less n u m e r o u s t h a n a l t e rna t ives 

o f e x a c t l y the s a m e l e n g t h . M o r e o v e r , a s M a r k R i d l e y r e m i n d s m e , most 

w i t h i n - c i s t r o n c rossovers a re , in a n y case , i n d i s t i n g u i s h a b l e in their effects 

f rom b e t w e e n - c i s t r o n c rossovers . O b v i o u s l y , i f the c is t ron c o n c e r n e d h a p p e n s 

to be h o m o z y g o u s , p a i r e d a t meios is w i t h an i den t i c a l a l l e l e , the t w o sets o f 

g e n e t i c m a t e r i a l e x c h a n g e d in a c rossover wi l l be i d e n t i c a l , a n d the crossover 

m i g h t j u s t a s w e l l n e v e r h a v e h a p p e n e d . I f the c is t rons c o n c e r n e d are 

h e t e r o z y g o u s , d i f fe r ing a t o n e n u c l e o t i d e locus , a n y w i th in - c i s t r on c rossover 

t ha t o c c u r s ' n o r t h ' o f the h e t e r o z y g o u s n u c l e o t i d e w i l l b e i nd i s t i ngu i shab le 

f rom o n e a t the n o r t h e r n b o u n d a r y o f the c i s t ron ; a n y wi th in -c i s t ron 

c ros sove r ' s o u t h ' o f the h e t e r o z y g o u s n u c l e o t i d e wi l l b e i nd i s t i ngu i shab le 

from o n e a t the s o u t h e r n b o u n d a r y o f the c i s t ron . O n l y i f the c is t rons differ a t 

t w o l o c i , a n d the c ro s sove r o c c u r s b e t w e e n t h e m , w i l l i t be iden t i f i ab le as a 

w i t h i n - c i s t r o n c ros sove r . T h e g e n e r a l p o i n t i s tha t i t does no t p a r t i c u l a r l y 

m a t t e r w h e r e c rossovers o c c u r i n r e l a t i on t o c is t ron b o u n d a r i e s . W h a t 

m a t t e r s i s w h e r e c rossovers o c c u r in r e l a t i on to h e t e r o z y g o u s nuc l eo t i de s . If, 

for i n s t a n c e , a s e q u e n c e of six a d j a c e n t c is t rons h a p p e n s to be h o m o z y g o u s 

t h r o u g h o u t an en t i r e b r e e d i n g p o p u l a t i o n , a c ros sove r a n y w h e r e w i t h i n the 

six w i l l be e x a c t l y e q u i v a l e n t in effect to a c ros sove r a t e i the r end of the six. 

N a t u r a l s e l ec t i on c a n c a u s e c h a n g e s i n f r e q u e n c y o n l y a t n u c l e o t i d e loci 

t h a t a r e h e t e r o z y g o u s i n the p o p u l a t i o n . I f t he re a re l a r g e i n t e r v e n i n g 

c h u n k s o f n u c l e o t i d e s e q u e n c e s tha t n e v e r differ a m o n g i n d i v i d u a l s , these 

c a n n o t be s u b j e c t to n a t u r a l s e l ec t i on , for the re i s n o t h i n g to c h o o s e b e t w e e n 

t h e m . N a t u r a l s e l ec t ion mus t focus its a t t e n t i o n on h e t e r o z y g o u s nuc leo t ides . 

I t i s c h a n g e s a t the s ing le n u c l e o t i d e l eve l tha t a re respons ib le for 

e v o l u t i o n a r i l y s ign i f i can t p h e n o t y p i c c h a n g e s , a l t h o u g h o f course the 

u n v a r y i n g r e m a i n d e r o f the g e n o m e i s necessa ry to p r o d u c e a p h e n o t y p e a t 

a l l . H a v e w e , t h e n , a r r i v e d a t an a b s u r d l y r educ t ion i s t i c reductio ad absurdum? 

S h a l l we w r i t e a b o o k c a l l e d The Selfish Nucleotide? Is a d e n i n e e n g a g e d in a 

remorse less s t r u g g l e a g a i n s t c y t o s i n e for possession o f locus n u m b e r 30004? 

At the v e r y leas t , this i s no t a he lpfu l w a y to express w h a t i s g o i n g on . I t 
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b e c o m e s d o w n r i g h t m i s l e a d i n g i f i t sugges t s to the s t u d e n t t ha t a d e n i n e a t 

one locus is, i n s o m e sense, a l l i ed w i t h a d e n i n e a t o t h e r loc i , p u l l i n g t o g e t h e r 

for an a d e n i n e t e a m . I f the re i s a n y sense in w h i c h p u r i n e s a n d p y r i m i d i n e s 

c o m p e t e w i t h e a c h o t h e r for h e t e r o z y g o u s l o c i , the s t r u g g l e a t e a c h l ocus i s 

insu la ted from the s t r u g g l e a t o t h e r l o c i . T h e m o l e c u l a r b i o l o g i s t m a y , for his 

o w n i m p o r t a n t pu rposes ( C h a r g a f f c i t ed i n J u d s o n 1 9 7 9 ) , c o u n t a d e n i n e s 

a n d cy tos ines in the g e n o m e as a w h o l e , b u t to do so i s an id le e x e r c i s e for the 

s tudent o f n a t u r a l s e l ec t ion . I f t h e y a r e c o m p e t i t o r s a t a l l , t h e y a r e 

compe t i t o r s for e a c h locus s e p a r a t e l y . T h e y a r e indi f ferent t o the fate o f the i r 

e x a c t rep l icas a t o the r loc i (see a l so C h a p t e r 8). 

Bu t there i s a m o r e in t e re s t ing r eason for r e j e c t i n g the c o n c e p t of the 

selfish n u c l e o t i d e , i n f a v o u r o f s o m e l a r g e r r e p l i c a t i n g en t i t y . T h e w h o l e 

purpose of o u r s ea r ch for a ' un i t of s e l e c t i o n ' i s to d i s c o v e r a s u i t a b l e a c t o r to 

p l a y the l e a d i n g ro le i n o u r m e t a p h o r s o f p u r p o s e . W e look a t a n a d a p t a t i o n 

and w a n t to say , ' I t i s for the g o o d o f . . . ' . O u r ques t in this c h a p t e r i s for the 

r ight w a y to c o m p l e t e t ha t s e n t e n c e . I t i s w i d e l y a d m i t t e d tha t ser ious e r ro r 

fol lows from the u n c r i t i c a l a s s u m p t i o n tha t a d a p t a t i o n s a r e for the g o o d 

of the species . I h o p e I sha l l be a b l e to s h o w , in this b o o k , t ha t y e t o t h e r 

theore t i ca l d a n g e r s , a l b e i t lesser ones , a t t e n d the a s s u m p t i o n tha t a d a p t a t i o n s 

are for the g o o d o f the i n d i v i d u a l o r g a n i s m . I am s u g g e s t i n g he re t ha t , s ince 

w e mus t speak o f a d a p t a t i o n s a s b e i n g for the g o o d o f s o m e t h i n g , t he c o r r e c t 

s o m e t h i n g i s the a c t i v e , g e r m - l i k e r e p l i c a t o r . A n d w h i l e i t m a y no t b e s t r ic t ly 

w r o n g to say tha t an a d a p t a t i o n i s for the g o o d of the n u c l e o t i d e , i .e . t he 

smalles t r e p l i c a t o r r e spons ib le for the p h e n o t y p i c d i f fe rences c o n c e r n e d in 

the e v o l u t i o n a r y c h a n g e , i t i s no t he lp fu l to do so. 

W e are g o i n g t o use the m e t a p h o r o f p o w e r . A n a c t i v e r e p l i c a t o r i s a 

c h u n k o f g e n o m e tha t , w h e n c o m p a r e d t o its a l le les , exe r t s p h e n o t y p i c p o w e r 

o v e r its w o r l d , such tha t its f r e q u e n c y inc reases o r dec rea se s r e l a t i v e to tha t 

of its a l le les . W h i l e i t i s u n d o u b t e d l y m e a n i n g f u l to s p e a k of a s ing le 

n u c l e o t i d e as e x e r t i n g p o w e r in this sense, i t i s m u c h m o r e useful , s ince the 

n u c l e o t i d e o n l y exer t s a g i v e n t y p e o f p o w e r w h e n e m b e d d e d in a l a r g e r 

uni t , t o t reat the l a r g e r un i t a s e x e r t i n g p o w e r a n d h e n c e a l t e r i n g the 

f r equency o f its cop ie s . I t m i g h t b e t h o u g h t t ha t the s a m e a r g u m e n t c o u l d b e 

used to jus t i fy t r e a t i ng an e v e n l a r g e r un i t , s uch as the w h o l e g e n o m e , a s the 

uni t tha t exer t s the p o w e r . T h i s i s no t so , a t leas t for s e x u a l g e n o m e s . 

W e reject the w h o l e s e x u a l g e n o m e a s a c a n d i d a t e r e p l i c a t o r , b e c a u s e o f 

its h igh risk o f b e i n g f r a g m e n t e d a t meios i s . T h e s ing le n u c l e o t i d e does no t 

suffer from this p r o b l e m bu t , a s we h a v e j u s t seen , i t raises a n o t h e r p r o b l e m . 

I t c a n n o t be sa id to h a v e a p h e n o t y p i c effect e x c e p t in the c o n t e x t of the 

o ther nuc l eo t ide s t ha t s u r r o u n d i t in its c i s t ron . I t i s m e a n i n g l e s s to s p e a k of 

the p h e n o t y p i c effect o f a d e n i n e . B u t i t i s en t i r e ly sens ib le to s p e a k of the 

p h e n o t y p i c effect o f subs t i t u t i ng a d e n i n e for c y t o s i n e a t a n a m e d locus w i t h i n 

a n a m e d c is t ron . T h e case of a c i s t ron w i t h i n a g e n o m e is no t a n a l o g o u s . 
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U n l i k e a n u c l e o t i d e , a c i s t ron is l a r g e e n o u g h to h a v e a cons is ten t p h e n o t y p i c 

effect, r e l a t i v e l y , t h o u g h no t c o m p l e t e l y , i n d e p e n d e n t l y o f w h e r e i t lies on the 

c h r o m o s o m e (bu t no t r ega rd le s s o f w h a t o t h e r g e n e s share its g e n o m e ) . F o r 

a c i s t ron , its s e q u e n t i a l c o n t e x t vis-a-vis o the r c is t rons is no t o v e r w h e l m i n g l y 

i m p o r t a n t in d e t e r m i n i n g its p h e n o t y p i c effect in c o m p a r i s o n w i t h its a l le les . 

F o r a nucleotide's p h e n o t y p i c effect, on the o t h e r h a n d , its s e q u e n t i a l c o n t e x t 

is e v e r y t h i n g . 

B a t e s o n ( 1 9 8 1 ) expresses the f o l l o w i n g m i s g i v i n g a b o u t ' r ep l i ca to r 

s e l e c t i o n ' . 

A w i n n i n g c h a r a c t e r is de f ined in relation to a n o t h e r o n e w h i l e gene t i c 

r e p l i c a t o r s a r e t h o u g h t a b o u t i n absolute a n d a tomis t i c te rms . T h e 

d i f f icu l ty i s b r o u g h t h o m e i f y o u ask yoursel f , w h a t e x a c t l y i s 

D a w k i n s ' r e p l i c a t o r ? Y o u m i g h t a n s w e r : ' T h a t b i t o f g e n e t i c ma te r i a l 

m a k i n g the d i f fe rence b e t w e e n the w i n n i n g a n d los ing c h a r a c t e r s . ' 

Y o u w o u l d h a v e s ta ted tha t a r e p l i c a t o r mus t be de f ined in re la t ion to 

s o m e t h i n g else. A l t e r n a t i v e l y , y o u r r e p l y m i g h t b e : ' A r ep l i ca to r 

consis ts o f a l l the g e n e s r e q u i r e d for the express ion of the s u r v i v i n g 

c h a r a c t e r ' . I n t h a t case y o u a re s a d d l e d w i t h a c o m p l e x a n d u n w i e l d y 

c o n c e p t . E i t h e r w a y y o u r a n s w e r w o u l d s h o w h o w m i s l e a d i n g i t i s t o 

t h ink o f r e p l i c a t o r s a s the a t o m s o f e v o l u t i o n . 

I c e r t a i n l y w o u l d j o i n B a t e s o n in r e j ec t i ng the s econd o f his t w o 

a l t e r n a t i v e a n s w e r s , the u n w i e l d l y o n e . T h e f i r s t o f his a l t e rna t ive s , o n the 

o t h e r h a n d , expresses e x a c t l y my pos i t ion , a n d I do not share Ba te son ' s 

m i s g i v i n g s a b o u t i t . F o r my purposes a g e n e t i c r e p l i c a t o r i s def ined by 

r e fe rence to its a l l e l e s , b u t this is no t a w e a k n e s s of the c o n c e p t . O r , i f i t is 

d e e m e d to be a w e a k n e s s , i t i s a w e a k n e s s tha t afflicts the w h o l e sc i ence of 

p o p u l a t i o n g e n e t i c s , n o t j u s t the p a r t i c u l a r i d e a o f g e n e t i c uni ts o f se lec t ion . 

It is a f u n d a m e n t a l t ru th , t h o u g h it is no t a l w a y s r e a l i z e d , tha t whenever a 

gene t i c i s t s tud ies a g e n e ' for ' a n y p h e n o t y p i c c h a r a c t e r , he i s a l w a y s refer r ing 

to a difference b e t w e e n t w o a l le les . T h i s is a r e c u r r i n g t h e m e t h r o u g h o u t this 

b o o k . 

To p r o v e the p u d d i n g , let me s h o w h o w easy i t i s to use the g e n e as a 

c o n c e p t u a l un i t o f s e l ec t i on , w h i l e a d m i t t i n g tha t i t i s o n l y def ined by 

c o m p a r i s o n w i t h its a l l e l e s . I t i s n o w a c c e p t e d tha t a p a r t i c u l a r ma jo r g e n e 

for d a r k c o l o r a t i o n in the p e p p e r e d m o t h Biston betularia has inc reased in 

f r e q u e n c y in i ndus t r i a l a r eas b e c a u s e i t p r o d u c e s p h e n o t y p e s tha t a re 

s u p e r i o r i n i ndus t r i a l a r e a s ( K e t t l e w e l l 1 9 7 3 ) . A t the s a m e t ime , w e h a v e t o 

a d m i t tha t this g e n e i s o n l y o n e of t h o u s a n d s tha t a re necessa ry in o rde r for 

the d a r k c o l o r a t i o n to s h o w itself. A m o t h c a n n o t h a v e d a r k w i n g s unless i t 

has w i n g s , a n d i t c a n n o t h a v e w i n g s unless i t has h u n d r e d s o f genes a n d 

h u n d r e d s o f e q u a l l y neces sa ry e n v i r o n m e n t a l fac tors . B u t this i s all 
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i r r e l evan t . T h e difference b e t w e e n the carbonaria a n d the typica p h e n o t y p e c a n 

still be d u e to a d i f ference a t o n e locus , e v e n t h o u g h the p h e n o t y p e s 

themse lves c o u l d not exist w i t h o u t the p a r t i c i p a t i o n o f t h o u s a n d s o f g e n e s . 

A n d i t i s the s a m e d i f fe rence tha t i s the basis of the n a t u r a l s e l ec t i on . B o t h 

genet ic is ts and n a t u r a l se l ec t ion a r e c o n c e r n e d w i t h d i f f e r ences ! H o w e v e r 

c o m p l e x the g e n e t i c basis of fea tures tha t a l l m e m b e r s of a spec ies h a v e in 

common, n a t u r a l se l ec t ion i s c o n c e r n e d w i t h d i f fe rences . E v o l u t i o n a r y c h a n g e 

is a l imi ted set of subs t i tu t ions at i den t i f i ab le l oc i . 

F u r t h e r diff icul t ies w i l l be d e a l t w i t h in the n e x t c h a p t e r . M e a n w h i l e , I 

end this c h a p t e r w i t h a sma l l d ive r s ion w h i c h m a y be he lp fu l in i l l u s t r a t i ng 

the r ep l i ca to r o r ' g e n e ' s - e y e ' v i e w o f e v o l u t i o n . A n a p p e a l i n g a s p e c t o f the 

v i e w a p p e a r s i f w e look b a c k w a r d s i n t i m e . T h e r e p l i c a t o r s i n f r equen t 

ex i s tence t o d a y cons t i tu t e a r e l a t i v e l y successful subse t o f those tha t h a v e 

exis ted in the pas t . A g i v e n r e p l i c a t o r in me c o u l d , in t h e o r y , be t r a c e d 

b a c k w a r d s t h r o u g h a s t r a igh t l ine o f ances to r s . T h e s e ances to r s , a n d the 

e n v i r o n m e n t s tha t they p r o v i d e d for the r e p l i c a t o r , c a n be r e g a r d e d as the 

r ep l i ca to r ' s ' pas t e x p e r i e n c e ' . 

T h e past e x p e r i e n c e o f a u t o s o m a l g e n e t i c f r a g m e n t s in a spec ies is, 

s ta t i s t ica l ly s p e a k i n g , s imi l a r . I t consists o f a n e n s e m b l e o f t y p i c a l spec ies 

b o d i e s , a p p r o x i m a t e l y 5 0 p e r c e n t m a l e a n d 5 0 p e r c e n t f e m a l e bod i e s , 

bodies w h i c h g r e w t h r o u g h a w i d e s p e c t r u m o f a g e s a t leas t up t o 

r e p r o d u c t i v e a g e ; a n d i t i n c l u d e s a g o o d r a n d o m shuff l ing o f ' c o m p a n i o n ' 

genes a t o the r l oc i . T h e g e n e s tha t exist t o d a y t end to be the ones t ha t a re 

g o o d a t s u r v i v i n g i n tha t s ta t i s t ica l e n s e m b l e o f b o d i e s , a n d i n c o m p a n y w i t h 

that s ta t is t ical e n s e m b l e o f c o m p a n i o n genes . As we sha l l see, i t i s s e l ec t i on in 

f avour of the qua l i t i e s n e e d e d for s u r v i v a l in company w i t h o t h e r , s i m i l a r l y 

se lec ted , genes , tha t g i v e s rise to the a p p e a r a n c e of ' c o a d a p t e d g e n o m e s ' . I 

shal l s h o w in C h a p t e r 13 tha t this i s a m u c h m o r e i l l u m i n a t i n g i n t e r p r e t a t i o n 

o f the p h e n o m e n o n o f c o a d a p t a t i o n than its a l t e r n a t i v e , tha t ' t he c o a d a p t e d 

g e n o m e i s the t rue uni t o f s e l ec t i on ' . 

P r o b a b l y n o t w o g e n e s i n a n o r g a n i s m h a v e i d e n t i c a l pas t e x p e r i e n c e s , 

t h o u g h a l inked p a i r m a y c o m e c lose , a n d , m u t a n t s a s ide , a l l the g e n e s on a 

Y c h r o m o s o m e h a v e t r a v e l l e d t o g e t h e r t h r o u g h the s a m e set of b o d i e s for a 

la rge n u m b e r o f g e n e r a t i o n s . B u t the e x a c t n a t u r e o f a g e n e ' s pas t e x p e r i e n c e 

i s o f less interest t h a n the g e n e r a l i z a t i o n s o n e c a n m a k e a b o u t the pas t 

expe r i ences o f a l l genes tha t exist t o d a y . F o r i n s t a n c e , h o w e v e r v a r i a b l e the 

set o f m y ances to rs m a y be , t hey al l h a d i n c o m m o n tha t t h e y s u r v i v e d a t 

least t o r e p r o d u c t i v e a g e , t hey c o p u l a t e d h e t e r o s e x u a l l y a n d w e r e fer t i le . 

T h e s a m e g e n e r a l i z a t i o n c a n n o t b e m a d e a b o u t the h i s to r i ca l set o f bod i e s 

tha t w e r e not m y ances to r s . T h e bod ies tha t p r o v i d e d the pas t e x p e r i e n c e o f 

ex i s t ing genes a re a n o n - r a n d o m subset o f a l l t he b o d i e s t ha t h a v e e v e r 

ex is ted . 

T h e genes tha t exist t o d a y ref lect the set o f e n v i r o n m e n t s tha t t h e y h a v e 
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e x p e r i e n c e d i n the pas t . T h i s i n c l u d e s the i n t e rna l e n v i r o n m e n t s p r o v i d e d b y 

the bod i e s the g e n e s h a v e i n h a b i t e d , a n d also e x t e r n a l e n v i r o n m e n t s , deser t , 

forest, s eashore , p r e d a t o r s , pa ras i t es , soc ia l c o m p a n i o n s , e t c . T h i s is, o f 

cour se , no t b e c a u s e the e n v i r o n m e n t s h a v e i m p r i n t e d the i r qua l i t i e s on the 

g e n e s — t h a t w o u l d b e L a m a r c k i s m (see C h a p t e r 9 ) — b u t b e c a u s e the genes 

t ha t exis t t o d a y a r e a s e l ec t ed set, a n d the qua l i t i e s tha t m a d e t h e m su rv ive 

ref lect the q u a l i t i e s o f the e n v i r o n m e n t s i n w h i c h t hey s u r v i v e d . 

I said t ha t a g e n e ' s e x p e r i e n c e consists of t ime spent in a p p r o x i m a t e l y 50 

p e r cen t m a l e a n d 50 p e r cen t f e m a l e bod ie s , b u t this i s no t , o f course , t rue o f 

g e n e s o n sex c h r o m o s o m e s . I n m a m m a l s , a s s u m i n g n o Y - c h r o m o s o m e 

c r o s s i n g - o v e r , a g e n e on a Y c h r o m o s o m e has e x p e r i e n c e d o n l y m a l e bodies , 

a n d a g e n e on an X c h r o m o s o m e has spen t two- th i rd s of its h is tory in female 

b o d i e s a n d o n e - t h i r d i n m a l e bod ie s . I n b i rds , Y - c h r o m o s o m e genes h a v e 

e x p e r i e n c e d o n l y f e m a l e b o d i e s , a n d in p a r t i c u l a r cases such a s c u c k o o s we 

c a n say s o m e t h i n g fur ther . F e m a l e Cuculus canorus a re d i v i d e d in to ' gen tes ' , 

e a c h g e n s p a r a s i t i z i n g a dif ferent spec ies o f host ( L a c k 1968) . A p p a r e n t l y 

e a c h f e m a l e l ea rns the q u a l i t i e s o f her o w n foster pa ren t s a n d their nest, a n d 

re tu rns w h e n a d u l t t o pa r a s i t i z e the s a m e spec ies . M a l e s d o no t seem t o 

d i s c r i m i n a t e as to gens in the i r c h o i c e o f m a t e , a n d therefore t hey ac t a s 

v e h i c l e s for g e n e f low b e t w e e n gen te s . Of the genes in a f e m a l e c u c k o o , 

there fore , those on a u t o s o m e s a n d the X c h r o m o s o m e h a v e p r o b a b l y had 

r e c e n t e x p e r i e n c e o f a l l gen t e s i n the p o p u l a t i o n , a n d b e e n ' r e a r e d ' by foster 

pa ren t s b e l o n g i n g to a l l the spec ies pa r a s i t i z ed by the c u c k o o p o p u l a t i o n . 

B u t the Y c h r o m o s o m e , u n i q u e l y , i s con f ined for l o n g s equences of 

g e n e r a t i o n s to o n e g e n s a n d o n e foster spec ies . Of al l the genes s i t t ing in a 

r o b i n ' s nest , o n e s u b s e t — r o b i n g e n e s a n d c u c k o o Y - c h r o m o s o m e genes (and 

r o b i n f l ea g e n e s ) — h a s sat in r o b i n s ' nests for m a n y g e n e r a t i o n s b a c k . 

A n o t h e r s u b s e t — c u c k o o a u t o s o m a l a n d X - c h r o m o s o m e g e n e s — h a s e x 

p e r i e n c e d a m i x t u r e o f nests. Of cour se the f i r s t subset sha re o n l y pa r t o f their 

e x p e r i e n c e , a l o n g series o f r o b i n nests. In o t h e r aspec t s o f the i r e x p e r i e n c e , 

c u c k o o Y - c h r o m o s o m e g e n e s w i l l h a v e m o r e i n c o m m o n w i t h o t h e r c u c k o o 

g e n e s t h a n w i t h r o b i n g e n e s . B u t a s far a s c e r t a i n p a r t i c u l a r se lec t ion 

pressures f ound i n nests a re c o n c e r n e d , c u c k o o Y - c h r o m o s o m e genes h a v e 

m o r e i n c o m m o n w i t h r o b i n g e n e s t han w i t h c u c k o o a u t o s o m e genes . I t i s 

n a t u r a l , t hen , t ha t c u c k o o Y c h r o m o s o m e s shou ld h a v e e v o l v e d to reflect 

the i r p e c u l i a r e x p e r i e n c e , w h i l e o t h e r c u c k o o genes s i m u l t a n e o u s l y e v o l v e d 

t o ref lect the i r m o r e g e n e r a l e x p e r i e n c e — a k ind o f i nc ip i en t i n t r a g e n o m i c 

' s p e c i a t i o n ' a t the c h r o m o s o m a l l e v e l . I t is, i n d e e d , w i d e l y a s s u m e d for this 

r eason tha t g e n e s for foster spec ies-spec i f ic e g g m i m i c r y mus t be ca r r i ed on 

the Y c h r o m o s o m e , w h i l e g e n e s for g e n e r a l pa ras i t i c a d a p t a t i o n s m i g h t be 

c a r r i e d o n a n y c h r o m o s o m e . 

I am no t sure w h e t h e r the fac t has s ign i f i cance , b u t this b a c k w a r d s w a y o f 

l o o k i n g s h o w s X c h r o m o s o m e s , too , to h a v e a p e c u l i a r h is tory . A g e n e on an 
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a u t o s o m e in a f e m a l e c u c k o o is as l i ke ly to h a v e c o m e f rom the fa the r as f rom 

the m o t h e r , in w h i c h l a t t e r case i t e x p e r i e n c e s the s a m e hos t spec ies for t w o 

genera t ions runn ing . A g e n e on an X c h r o m o s o m e in a f e m a l e c u c k o o is 

b o u n d to h a v e c o m e f rom the fa ther , a n d therefore i s no t e s p e c i a l l y l ike ly to 

e x p e r i e n c e the s a m e host spec ies t w o g e n e r a t i o n s r u n n i n g . A s ta t i s t i ca l ' r uns 

test ' o n the s e q u e n c e o f foster spec ies e x p e r i e n c e d b y a n a u t o s o m a l g e n e 

w o u l d therefore r e v e a l a s l igh t runs effect, g r e a t e r t h a n tha t for a g e n e on an 

X c h r o m o s o m e , a n d m u c h less t h a n tha t for a g e n e on a Y c h r o m o s o m e . 

In a n y a n i m a l , an i n v e r t e d p o r t i o n o f c h r o m o s o m e m a y r e s e m b l e a Y 

c h r o m o s o m e i n b e i n g u n a b l e t o cross o v e r . T h e ' e x p e r i e n c e ' o f a n y p a r t o f 

the ' i nvers ion s u p e r g e n e ' therefore r e p e a t e d l y i n c l u d e s the o t h e r pa r t s o f the 

s u p e r g e n e a n d the i r p h e n o t y p i c c o n s e q u e n c e s . A h a b i t a t s e l ec t i on g e n e 

a n y w h e r e in such a s u p e r g e n e , say a g e n e tha t m a k e s i n d i v i d u a l s c h o o s e d r y 

m i c r o c l i m a t e s , w o u l d then p r o v i d e a cons i s ten t h a b i t a t ' e x p e r i e n c e ' for 

success ive g e n e r a t i o n s o f the w h o l e s u p e r g e n e . T h u s a g i v e n g e n e m a y 

' e x p e r i e n c e ' cons i s ten t ly d r y hab i t a t s for the s a m e k i n d of r e a s o n as a g e n e on 

a c u c k o o ' s Y c h r o m o s o m e cons i s t en t ly e x p e r i e n c e s m e a d o w - p i p i t nests . T h i s 

w i l l p r o v i d e a cons i s ten t se l ec t ion pressure b e a r i n g u p o n t h a t l ocus , 

f a v o u r i n g a l le les t ha t a re a d a p t e d to a d r y h a b i t a t in the s a m e w a y as a l le les 

for m i m i c k i n g m e a d o w - p i p i t eggs a re f a v o u r e d in Y c h r o m o s o m e s of f e m a l e 

c u c k o o s o f the m e a d o w - p i p i t g e n s . T h i s p a r t i c u l a r i nve r s ion s u p e r g e n e w i l l 

tend to be found for g e n e r a t i o n s in d r y hab i t a t s , e v e n t h o u g h the rest o f the 

g e n o m e m a y b e r a n d o m l y shuffled o v e r the w h o l e r a n g e o f h a b i t a t s a v a i l a b l e 

t o the spec ies . M a n y different loc i o n the i n v e r t e d p o r t i o n o f c h r o m o s o m e 

m a y therefore c o m e to be a d a p t e d t o a d r y c l i m a t e , a n d a g a i n s o m e t h i n g 

ak in to i n t r a g e n o m i c i n c i p i e n t spec i a t i on m a y go o n . I find this b a c k w a r d s 

w a y o f l o o k i n g a t the pas t ' e x p e r i e n c e ' o f g e n e t i c r e p l i c a t o r s he lp fu l . 

G e r m - l i n e r ep l i ca to r s , then , a re uni ts t ha t a c t u a l l y s u r v i v e o r fail t o 

su rv ive , the d i f ference c o n s t i t u t i n g n a t u r a l s e l ec t i on . A c t i v e r e p l i c a t o r s h a v e 

some effect on the w o r l d , w h i c h in f luences thei r c h a n c e s o f s u r v i v i n g . I t i s the 

effects on the w o r l d o f successful a c t i v e g e r m - l i n e r e p l i c a t o r s t ha t we see a s 

a d a p t a t i o n s . F r a g m e n t s o f D N A q u a l i f y a s a c t i v e g e r m - l i n e r e p l i c a t o r s . 

W h e r e there i s s e x u a l r e p r o d u c t i o n , these f r agmen t s m u s t no t be de f ined too 

la rge i f they a re t o r e t a in the p r o p e r t y o f s e l f - d u p l i c a t i o n . A n d t h e y m u s t no t 

be def ined too sma l l i f t hey a re to be useful ly r e g a r d e d as a c t i v e . 

I f there w e r e sex b u t no c ros s ing -ove r , e a c h c h r o m o s o m e w o u l d be a 

r ep l i ca to r , a n d we shou ld speak o f a d a p t a t i o n s a s b e i n g for the g o o d o f the 

c h r o m o s o m e . I f there i s no sex we c a n , by the s a m e t o k e n , t rea t the en t i r e 

g e n o m e of an a s e x u a l o r g a n i s m as a r e p l i c a t o r . B u t the o r g a n i s m i t se l f is not a 

r ep l i ca to r . T h i s i s for t w o q u i t e d i s t inc t reasons w h i c h s h o u l d no t be confused 

w i t h e a c h o the r . T h e first r eason fo l lows f rom the a r g u m e n t s d e v e l o p e d i n 

this c h a p t e r , a n d a p p l i e s o n l y w h e r e the re i s s e x u a l r e p r o d u c t i o n a n d 

meios i s : meios is a n d s e x u a l fusion see to i t t ha t no t e v e n o u r g e n o m e s a r e 



9 6 T h e Act ive Germ-l ine Repl icator 

r e p l i c a t o r s , s o w e our se lves a r e no t r ep l i ca to r s e i the r . T h e second reason 

a p p l i e s to a s e x u a l as w e l l as s e x u a l r e p r o d u c t i o n . I t w i l l be e x p l a i n e d in the 

n e x t c h a p t e r , w h i c h goes o n t o discuss w h a t o r g a n i s m s , a n d also g r o u p s o f 

o r g a n i s m s , are, g i v e n tha t t h e y a re no t r ep l i c a to r s . 
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I h a v e m a d e so m u c h of the f r a g m e n t i n g effects of meios i s as a r eason 

for no t r e g a r d i n g s e x u a l l y r e p r o d u c e d o r g a n i s m s as r e p l i c a t o r s , t ha t i t i s 

t e m p t i n g to see this as the o n l y r eason . I f this w e r e t rue , i t s h o u l d f o l l o w tha t 

a s e x u a l l y r e p r o d u c e d o r g a n i s m s a re t rue r e p l i c a t o r s , a n d tha t w h e r e 

r e p r o d u c t i o n i s a s e x u a l we c o u l d l e g i t i m a t e l y speak o f a d a p t a t i o n s a s ' for the 

g o o d o f the o r g a n i s m ' . B u t the f r a g m e n t i n g effect o f meios i s i s no t the o n l y 

reason for d e n y i n g tha t o r g a n i s m s a re t rue r ep l i c a to r s . T h e r e i s a m o r e 

f u n d a m e n t a l r eason , a n d i t a p p l i e s to a s e x u a l o r g a n i s m s as m u c h as to s e x u a l 

ones . 

To r e g a r d an o r g a n i s m as a r e p l i c a t o r , e v e n an a s e x u a l o r g a n i s m l ike a 

f emale st ick insect , i s t a n t a m o u n t to a v i o l a t i o n of the ' c e n t r a l d o g m a ' o f the 

n o n - i n h e r i t a n c e of a c q u i r e d cha rac t e r i s t i c s . A s t ick insec t looks l ike a 

r ep l i ca to r , i n tha t we m a y l a y o u t a s e q u e n c e cons i s t i ng o f d a u g h t e r , 

g r a n d d a u g h t e r , g r e a t - g r a n d d a u g h t e r , e tc . , i n w h i c h e a c h a p p e a r s to be a 

r ep l i c a of the p r e c e d i n g o n e in the series . B u t s u p p o s e a f l aw or b l e m i s h 

a p p e a r s s o m e w h e r e in the c h a i n , say a s t ick insect i s u n f o r t u n a t e e n o u g h to 

lose a l eg . T h e b l emi sh m a y last for the w h o l e of he r l i f e t ime , b u t i t i s no t 

passed on to the n e x t l ink in the c h a i n . E r ro r s t ha t affect s t ick insects b u t no t 

the i r genes a re no t p e r p e t u a t e d . N o w lay o u t a p a r a l l e l series cons i s t i ng o f 

d a u g h t e r ' s g e n o m e , g r a n d d a u g h t e r ' s g e n o m e , g r e a t - g r a n d d a u g h t e r ' s 

g e n o m e , e tc . I f a b l e m i s h a p p e a r s s o m e w h e r e a l o n g this series i t w i l l be 

passed on to all s u b s e q u e n t l inks in the c h a i n . I t m a y a lso be re f l ec ted in the 

bod ies o f all s u b s e q u e n t l inks in the c h a i n , b e c a u s e in e a c h g e n e r a t i o n the re 

are c a u s a l a r r o w s l e a d i n g f rom g e n e s to b o d y . B u t the re i s no c a u s a l a r r o w 

l e a d i n g from b o d y to genes . No pa r t o f the s t ick insec t ' s p h e n o t y p e i s a 

rep l ica to r . N o r is her b o d y as a w h o l e . I t i s w r o n g to s a y tha t ' just as g e n e s 

c a n pass on thei r s t ruc tu re in g e n e l i neages , o r g a n i s m s c a n pass on the i r 

s t ruc ture in o r g a n i s m l i n e a g e s ' . 

I am sorry i f I am a b o u t to l a b o u r this a r g u m e n t , b u t I fear i t w a s my 

fai lure to be c l e a r a b o u t i t be fore tha t l ed to an u n n e c e s s a r y d i s a g r e e m e n t 

9 7 
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w i t h B a t e s o n , a d i s a g r e e m e n t w h i c h i t i s w o r t h g o i n g to s o m e t roub le to sort 

o u t . B a t e s o n ( 1 9 7 8 b ) m a d e the p o i n t tha t g e n e t i c d e t e r m i n a n t s o f 

d e v e l o p m e n t a r e n e c e s s a r y b u t not sufficient . A g e n e m a y ' p r o g r a m ' a 

p a r t i c u l a r b i t o f b e h a v i o u r ' w i t h o u t i t b e i n g the o n l y t h i n g t o d o so ' . H e goes 

o n : 

D a w k i n s a c c e p t s a l l this b u t t hen r evea l s his u n c e r t a i n t y a b o u t w h i c h 

l a n g u a g e he i s u s i n g by i m m e d i a t e l y g i v i n g spec ia l s ta tus b a c k to the 

g e n e as t he p r o g r a m m e r . C o n s i d e r a case in w h i c h the a m b i e n t 

e n v i r o n m e n t a l t e m p e r a t u r e d u r i n g d e v e l o p m e n t i s c r u c i a l for the 

exp re s s ion of a p a r t i c u l a r p h e n o t y p e . I f the t e m p e r a t u r e c h a n g e s by a 

few d e g r e e s the s u r v i v a l m a c h i n e i s b e a t e n by a n o t h e r o n e . W o u l d not 

t ha t g i v e as m u c h s ta tus to a necessa ry t e m p e r a t u r e v a l u e as to a 

neces sa ry g e n e ? T h e t e m p e r a t u r e v a l u e i s a lso r equ i r ed for the 

exp re s s ion of a p a r t i c u l a r p h e n o t y p e . I t i s a lso s t ab le (wi th in l imits) 

f rom o n e g e n e r a t i o n t o the n e x t . I t m a y e v e n be t r ansmi t t ed from o n e 

g e n e r a t i o n to the n e x t i f the s u r v i v a l m a c h i n e m a k e s a nest for its 

of fspr ing . I n d e e d , u s i n g D a w k i n s ' o w n s ty le o f t e l e o l o g i c a l a r g u m e n t 

o n e c o u l d c l a i m tha t the b i rd i s the nest 's w a y o f m a k i n g a n o t h e r nest 

[ B a t e s o n 1 9 7 8 b ] . 

I r e p l i e d to B a t e s o n , b u t d i d so too br ief ly , p i c k i n g on the last r e m a r k 

a b o u t b i r d s ' nests a n d s a y i n g , 'A nest i s no t a t rue r e p l i c a t o r b e c a u s e a [non-

g e n e t i c ] " m u t a t i o n " w h i c h o c c u r s in the c o n s t r u c t i o n o f a nest , for e x a m p l e 

the a c c i d e n t a l i n c o r p o r a t i o n of a p i n e n e e d l e ins tead of the usua l grass , i s no t 

p e r p e t u a t e d i n fu ture " g e n e r a t i o n s o f nes t s " . S i m i l a r l y , p ro t e in m o l e c u l e s 

a r e no t r e p l i c a t o r s , n o r i s m e s s e n g e r R N A ' ( D a w k i n s 1 9 7 8 a ) . B a t e s o n h a d 

t a k e n the c a t c h p h r a s e a b o u t a b i rd b e i n g a g e n e ' s w a y o f m a k i n g a n o t h e r 

g e n e , a n d i n v e r t e d it , s u b s t i t u t i n g 'nes t ' for ' g e n e ' . B u t the p a r a l l e l i s not a 

v a l i d o n e . T h e r e i s a c a u s a l a r r o w g o i n g f rom g e n e to b i rd , bu t n o n e in the 

reverse d i r e c t i o n . A c h a n g e d g e n e m a y p e r p e t u a t e i tself be t t e r than its 

u n m u t a t e d a l l e l e . A c h a n g e d nest w i l l do no such t h i n g unless , o f course , the 

c h a n g e is d u e to a c h a n g e d g e n e , in w h i c h case i t i s the g e n e tha t is 

p e r p e t u a t e d , no t the nest . A nest , l ike a b i rd , is a g e n e ' s w a y of m a k i n g 

a n o t h e r g e n e . 

B a t e s o n is w o r r i e d tha t I s e e m to g i v e ' spec i a l s ta tus ' to gene t i c 

d e t e r m i n a n t s o f b e h a v i o u r . H e fears tha t a n e m p h a s i s o n the g e n e a s the 

en t i ty for w h o s e benef i t o r g a n i s m s l a b o u r , r a t he r t han the o the r w a y a r o u n d , 

l eads t o an u n d u e e m p h a s i s on the i m p o r t a n c e o f g e n e t i c a s opposed to 

e n v i r o n m e n t a l d e t e r m i n a n t s o f d e v e l o p m e n t . T h e a n s w e r t o this i s tha t w h e n 

we a r e t a l k i n g a b o u t development i t i s a p p r o p r i a t e to e m p h a s i z e n o n - g e n e t i c as 

w e l l a s g e n e t i c fac tors . B u t w h e n we a re t a l k i n g a b o u t uni ts o f se lec t ion a 

dif ferent e m p h a s i s i s c a l l e d for, an e m p h a s i s on the p rope r t i e s o f rep l ica to rs . 
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T h e spec ia l s ta tus o f g e n e t i c factors r a t h e r t h a n n o n - g e n e t i c fac tors i s 

d e s e r v e d for o n e reason o n l y : g e n e t i c factors r e p l i c a t e t h e m s e l v e s , b l e m i s h e s 

and a l l , bu t n o n - g e n e t i c factors do not . 

L e t us g r a n t w i t h b o t h h a n d s tha t the t e m p e r a t u r e in the nest h o u s i n g a 

d e v e l o p i n g b i rd i s i m p o r t a n t b o t h for its i m m e d i a t e s u r v i v a l a n d for the w a y 

i t d e v e l o p s a n d therefore for its l o n g - t e r m success a s an a d u l t . T h e i m m e d i a t e 

effects o f g e n e p r o d u c t s o n the b i o c h e m i c a l sp r ings o f d e v e l o p m e n t m a y , 

i ndeed , c lose ly r e s e m b l e the effects o f t e m p e r a t u r e c h a n g e s ( W a d d i n g t o n 

1 9 5 7 ) . W e c o u l d e v e n i m a g i n e the e n z y m e p r o d u c t s o f g e n e s a s l i t t le 

Bunsen bu rne r s , s e l ec t i ve ly a p p l i e d a t c r u c i a l n o d e s o f the b r a n c h i n g 

b i o c h e m i c a l t ree o f e m b r y o n i c c a u s a t i o n , c o n t r o l l i n g d e v e l o p m e n t b y 

se lec t ive con t ro l o f b i o c h e m i c a l r e a c t i o n ra tes . A n e m b r y o l o g i s t r i g h t l y sees 

n o f u n d a m e n t a l d i s t i nc t ion b e t w e e n g e n e t i c a n d e n v i r o n m e n t a l c a u s a l 

factors , a n d he c o r r e c t l y r e g a r d s e a c h a s n e c e s s a r y b u t no t suff ic ient . B a t e s o n 

w a s p u t t i n g the e m b r y o l o g i s t ' s po in t o f v i e w , a n d no e t h o l o g i s t i s be t t e r 

qua l i f i ed to do so. B u t I w a s no t t a l k i n g e m b r y o l o g y . I w a s no t c o n c e r n e d 

w i t h the r i va l c l a i m s o f d e t e r m i n a n t s o f d e v e l o p m e n t . I w a s t a l k i n g a b o u t 

rep l i ca to rs s u r v i v i n g i n e v o l u t i o n a r y t ime , a n d B a t e s o n c e r t a i n l y a g r e e s t ha t 

ne i ther a nest , n o r the t e m p e r a t u r e ins ide it, n o r the b i rd t h a t b u i l t i t , a re 

r ep l i ca to r s . W e c a n q u i c k l y see tha t t hey a re no t r e p l i c a t o r s b y e x p e r i m e n t 

a l ly a l t e r ing o n e o f t h e m . T h e c h a n g e m a y w r e a k h a v o c o n the a n i m a l , o n its 

d e v e l o p m e n t a n d its c h a n c e s of s u r v i v a l , but the change will not be passed on to 

the next generation. N o w m a k e a s imi l a r m u t i l a t i o n ( m u t a t i o n ) to a g e n e in the 

g e r m - l i n e : the c h a n g e m a y o r m a y no t affect the b i r d ' s d e v e l o p m e n t a n d its 

s u r v i v a l , b u t i t can be passed on to the n e x t g e n e r a t i o n ; i t c a n be r e p l i c a t e d . 

As i s so often the case , an a p p a r e n t d i s a g r e e m e n t turns o u t to be d u e to 

m u t u a l m i s u n d e r s t a n d i n g . I t h o u g h t tha t B a t e s o n w a s d e n y i n g p r o p e r 

respect t o the I m m o r t a l R e p l i c a t o r . B a t e s o n t h o u g h t t ha t I w a s d e n y i n g 

p r o p e r respec t t o the G r e a t N e x u s o f c o m p l e x c a u s a l fac tors i n t e r a c t i n g i n 

d e v e l o p m e n t . I n fact , e a c h o f u s w a s l a y i n g l e g i t i m a t e stress o n c o n s i d e r a t i o n s 

w h i c h a re i m p o r t a n t for t w o different m a j o r fields o f b i o l o g y , t he s t u d y o f 

d e v e l o p m e n t a n d the s t u d y o f n a t u r a l se lec t ion . 

An o r g a n i s m , then , i s no t a r e p l i c a t o r , no t e v e n (desp i te L e w o n t i n 

1 9 7 0 a — s e e D a w k i n s in press) a c r u d e r e p l i c a t o r w i t h p o o r c o p y i n g f ide l i ty . 

I t i s therefore be t t e r no t to speak of a d a p t a t i o n s as b e i n g for the g o o d of the 

o r g a n i s m . W h a t a b o u t l a r g e r uni t s , g r o u p s o f o r g a n i s m s , spec ie s , c o m 

muni t i e s o f spec ies , e t c . ? S o m e o f these l a r g e r g r o u p i n g s a r e c l e a r l y s u b j e c t t o 

a vers ion o f the ' i n t e rna l f r a g m e n t a t i o n des t roys c o p y i n g f ide l i ty ' a r g u m e n t . 

T h e f r a g m e n t i n g a g e n t in this case i s no t the r e c o m b i n i n g effects o f meios i s , 

bu t i m m i g r a t i o n a n d e m i g r a t i o n , the d e s t r u c t i o n o f the i n t e g r i t y o f g r o u p s b y 

the m o v e m e n t o f i n d i v i d u a l s in to a n d o u t o f t h e m . As I h a v e p u t i t be fore , 

t hey a re l ike c l o u d s in the sky o r dus t - s to rms in t he dese r t . T h e y a r e 

t e m p o r a r y a g g r e g a t i o n s o r f ede ra t ions . T h e y a r e no t s t ab l e t h r o u g h 
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e v o l u t i o n a r y t i m e . P o p u l a t i o n s m a y last a l o n g w h i l e , b u t they a re cons t an t ly 

b l e n d i n g w i t h o t h e r p o p u l a t i o n s a n d s o los ing their iden t i ty . T h e y a re also 

sub jec t to e v o l u t i o n a r y c h a n g e f rom w i t h i n . A p o p u l a t i o n is not a d iscre te 

e n o u g h en t i t y to be a un i t o f n a t u r a l se l ec t ion , no t s t ab le a n d u n i t a r y e n o u g h 

to be ' s e l e c t e d ' in p r e f e r e n c e to a n o t h e r p o p u l a t i o n . B u t , j u s t a s the 

' f r a g m e n t a t i o n ' a r g u m e n t a p p l i e d o n l y to a subset o f o r g a n i s m s , s exua l ones , 

so i t a l so a p p l i e s o n l y to a subset a t the g r o u p l e v e l . I t app l i e s to g r o u p s 

c a p a b l e o f i n t e r b r e e d i n g , b u t i t does not a p p l y t o r e p r o d u c t i v e l y isola ted 

spec ies . 

L e t us , t hen , e x a m i n e w h e t h e r spec ies b e h a v e suff ic ient ly l ike c o h e r e n t 

ent i t ies , m u l t i p l y i n g a n d g i v i n g rise to o t h e r spec ies , to d e s e r v e to be ca l l ed 

r ep l i c a to r s . N o t e tha t t h a t i s no t the s a m e as G h i s e l i n ' s ( 1 9 7 4 b ) l o g i c a l c l a i m 

tha t spec ies a r e ' i n d i v i d u a l s ' (see a lso H u l l 1 9 7 6 ) . O r g a n i s m s , too , a re 

i n d i v i d u a l s in G h i s e l i n ' s sense, a n d I h o p e I h a v e es tab l i shed tha t o rgan i sms 

a re no t r e p l i c a t o r s . D o spec ies , or , t o b e m o r e p rec i se , d o r e p r o d u c t i v e l y 

i so la ted g e n e - p o o l s , r e a l l y a n s w e r t o the def in i t ion o f r ep l i c a to r s ? 

I t is i m p o r t a n t to r e m e m b e r tha t m e r e i m m o r t a l i t y is no t a sufficient 

q u a l i f i c a t i o n . A l i n e a g e , such as a s e q u e n c e of p a r e n t s a n d offspring from the 

l o n g - u n c h a n g e d b r a c h i o p o d g e n u s Lingula, i s u n e n d i n g in the s a m e sense, 

a n d to the s a m e e x t e n t , a s a l i n e a g e o f g e n e s . I n d e e d , for this e x a m p l e we 

p e r h a p s n e e d no t h a v e c h o s e n a ' l i v i n g fossil ' l ike Lingula. E v e n a r a p i d l y 

e v o l v i n g l i n e a g e c a n , in a sense, be t r ea ted as an en t i ty w h i c h i s e i ther 

e x t i n c t o r e x t a n t a t a n y m o m e n t i n g e o l o g i c a l t i m e . N o w , c e r t a i n k inds o f 

l i n e a g e m a y b e m o r e l i ke ly t o g o e x t i n c t t han o thers , a n d w e m a y b e ab l e t o 

d i s ce rn s ta t i s t ica l l a w s o f e x t i n c t i o n . F o r e x a m p l e , l i neages w h o s e females 

r e p r o d u c e a s e x u a l l y m a y b e s y s t e m a t i c a l l y m o r e o r less l ike ly t o g o ex t inc t 

t h a n l i n e a g e s w h o s e f ema le s s t ick t o sex ( W i l l i a m s 1 9 7 5 ; M a y n a r d S m i t h 

1 9 7 8 a ) . I t has b e e n s u g g e s t e d tha t a m m o n i t e a n d b i v a l v e l i neages w i th a 

h i g h ra te o f e v o l v i n g l a r g e r s ize ( i .e . w i t h a h i g h ra te o f o b e y i n g C o p e ' s R u l e ) 

a re m o r e l i ke ly t o g o e x t i n c t t h a n m o r e s l owly e v o l v i n g l i neages ( H a l l a m 

1 9 7 5 ) . L e i g h ( 1 9 7 7 ) m a k e s s o m e e x c e l l e n t po in t s a b o u t d i f ferent ia l l i neage 

e x t i n c t i o n , a n d its r e l a t i o n s h i p t o l o w e r leve ls o f s e l e c t i o n : ' . . . those species 

a re f a v o r e d w h e r e se l ec t ion w i t h i n p o p u l a t i o n s w o r k s m o r e n e a r l y for the 

g o o d o f the s p e c i e s ' . S e l e c t i o n ' . . . favors spec ies tha t h a v e , for w h a t e v e r 

r ea son , e v o l v e d g e n e t i c sys tems w h e r e a g e n e ' s s e l ec t ive a d v a n t a g e m o r e 

n e a r l y m a t c h e s its c o n t r i b u t i o n to f i tness ' . H u l l (1980a ,b ) i s p a r t i c u l a r l y 

c l e a r a b o u t the l o g i c a l s ta tus o f the l i n e a g e , a n d a b o u t its d i s t inc t ion from 

the r e p l i c a t o r a n d the i n t e r a c t o r ( H u l l ' s n a m e for w h a t I am c a l l i n g the 

' v e h i c l e ' ) . 

D i f f e ren t i a l l i n e a g e e x t i n c t i o n , t h o u g h t e c h n i c a l l y a fo rm of se lec t ion , i s 

no t e n o u g h i n i t se l f t o g e n e r a t e p rogress ive e v o l u t i o n a r y c h a n g e . L i n e a g e s 

m a y b e ' s u r v i v o r s ' , b u t this does not m a k e t h e m rep l i ca to r s . G r a i n s o f sand 
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are su rv ivors . H a r d g ra ins , m a d e o f q u a r t z o r d i a m o n d , w i l l last l o n g e r t h a n 

soft g ra ins m a d e o f c h a l k . B u t n o b o d y has e v e r i n v o k e d h a r d n e s s s e l ec t ion 

a m o n g sand g ra ins a s the basis for an e v o l u t i o n a r y p r o g r e s s i o n . T h e r eason , 

f u n d a m e n t a l l y , i s tha t g r a in s o f s and d o no t m u l t i p l y . O n e g r a i n m a y s u r v i v e 

a l o n g t ime , b u t i t does no t m u l t i p l y a n d m a k e cop ie s o f itself. Do spec ie s , o r 

o the r g r o u p s o f o r g a n i s m s , m u l t i p l y ? D o they r e p l i c a t e ? 

A l e x a n d e r a n d B o r g i a ( 1 9 7 8 ) assert t ha t t h e y d o , a n d tha t t h e y a r e 

therefore t rue r e p l i c a t o r s : ' S p e c i e s g i v e rise t o s p e c i e s ; spec ies m u l t i p l y . ' T h e 

best case I c a n m a k e for r e g a r d i n g spec ies , o r r a t h e r the i r g e n e - p o o l s , as 

m u l t i p l y i n g r ep l i ca to r s arises f rom the t h e o r y o f ' spec ies s e l e c t i o n ' a s s o c i a t e d 

w i t h the p a l a e o n t o l o g i c a l i d e a o f ' p u n c t u a t e d e q u i l i b r i a ' ( E l d r e d g e & G o u l d 

1 9 7 2 ; S t a n l e y 1 9 7 5 , 1 9 7 9 ; G o u l d & E l d r e d g e 1 9 7 7 ; G o u l d 1 9 7 7 c , 1 9 8 0 a , b ; 

L e v i n t o n & S i m o n 1980) . I w i l l t ake s o m e t ime to discuss this b o d y of t h e o r y , 

s ince ' species s e l ec t i on ' i s v e r y r e l e v a n t to this c h a p t e r . A n o t h e r r ea son for 

t a k i n g the t ime i s tha t I r e g a r d the sugges t ions o f E l d r e d g e a n d G o u l d as o f 

g r e a t interest t o b i o l o g y g e n e r a l l y , b u t I am a n x i o u s tha t t h e y s h o u l d no t be 

overso ld a s m o r e r e v o l u t i o n a r y t han t hey a c t u a l l y a re . G o u l d a n d E l d r e d g e 

( 1 9 7 7 , p . 1 1 7 ) a re t h e m s e l v e s c o n s c i o u s o f this d a n g e r , t h o u g h for di f ferent 

reasons. 

M y fear s tems f rom the g r o w i n g in f luence o f a v i g i l a n t c o r p s o f l a y cr i t ics 

o f D a r w i n i s m , e i the r r e l ig ious f u n d a m e n t a l i s t s o r S h a v i a n / K o e s t l e r i a n 

L a m a r c k i s t s w h o , for reasons tha t h a v e n o t h i n g t o d o w i t h s c i e n c e , e a g e r l y 

seize u p o n a n y t h i n g tha t , w i t h i m p e r f e c t u n d e r s t a n d i n g , c a n b e m a d e t o 

sound a n t i - D a r w i n i a n . J o u r n a l i s t s a re of ten o n l y too r e a d y to p a n d e r t o the 

u n p o p u l a r i t y o f D a r w i n i s m i n s o m e l a y c i r c l e s . O n e o f B r i t a i n ' s least 

d i s r e p u t a b l e d a i l y n e w s p a p e r s (The Guardian, 21 N o v e m b e r 1978) s e r v e d up 

a j o u r n a l i s t i c a l l y g a r b l e d b u t still j u s t r e c o g n i z a b l e v e r s i o n o f the 

E l d r e d g e / G o u l d t heo ry in a l e a d i n g a r t i c l e , as e v i d e n c e tha t a l l i s no t w e l l 

w i t h D a r w i n i s m . P r e d i c t a b l y , this e l i c i t ed s o m e u n c o m p r e h e n d i n g funda 

menta l i s t g l ee in the le t ter c o l u m n s o f the p a p e r , s o m e o f i t f rom d i s q u i e t i n g l y 

inf luent ia l sources , a n d the p u b l i c c o u l d w e l l h a v e b e e n left w i t h the 

impress ion tha t e v e n ' t he scient is ts ' t h emse lve s n o w h a v e d o u b t s a b o u t 

D a r w i n i s m . Dr G o u l d informs me tha t The Guardian d i d no t f a v o u r h i m w i t h 

a r ep ly to his le t te r of protes t . A n o t h e r Br i t i sh n e w s p a p e r , The Sunday Times 

(8 M a r c h 1 9 8 1 ) , i n a m u c h l o n g e r a r t i c l e c a l l e d ' T h e n e w c lues t ha t 

c h a l l e n g e D a r w i n ' , s ensa t i ona l l y e x a g g e r a t e d the d i f fe rence b e t w e e n the 

E l d r e d g e / G o u l d t h e o r y a n d o the r vers ions o f D a r w i n i s m . T h e Br i t i sh 

B r o a d c a s t i n g C o r p o r a t i o n a lso g o t i n o n the a c t a r o u n d the s a m e t ime , i n 

t w o sepa ra t e p r o g r a m m e s m a d e b y r i va l p r o d u c t i o n t e a m s . T h e y w e r e c a l l e d 

The Trouble with Evolution a n d Did Darwin get it Wrong?, a n d t h e y differed 

h a r d l y a t a l l e x c e p t tha t o n e h a d E l d r e d g e a n d the o t h e r h a d G o u l d ! T h e 

second p r o g r a m m e a c t u a l l y w e n t t o the l e n g t h s o f d i g g i n g u p s o m e 
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f u n d a m e n t a l i s t s t o c o m m e n t o n the E l d r e d g e / G o u l d t h e o r y : no t surpr i s ing ly , 

the i l l - unde r s tood a p p e a r a n c e o f dissension w i t h i n the ranks o f D a r w i n i s t s 

w a s m e a t a n d d r i n k t o t h e m . 

J o u r n a l i s t i c s t a n d a r d s a re no t u n k n o w n in l ea rned pe r iod i ca l s too . Science 

( V o l . 2 1 0 , p p . 883 887, 1980) r e p o r t e d on a r e c e n t con fe rence on 

m a c r o e v o l u t i o n u n d e r the d r a m a t i c h e a d i n g , ' E v o l u t i o n a r y t heo ry unde r 

f i r e ' , a n d w i t h t he e q u a l l y sensa t iona l sub t i t l e , ' A n his tor ic con fe rence i n 

C h i c a g o c h a l l e n g e s the f o u r - d e c a d e l o n g d o m i n a n c e o f the M o d e r n 

S y n t h e s i s ' (see c r i t i c i sms by F u t u y a m a e t al. 1 9 8 1 ) . As M a y n a r d S m i t h i s 

q u o t e d a s s a y i n g a t the s a m e con fe r ence , ' Y o u a re i n d a n g e r o f p r e v e n t i n g 

u n d e r s t a n d i n g by s u g g e s t i n g tha t there i s i n t e l l e c t u a l a n t a g o n i s m w h e r e 

n o n e ex is t s ' (see a lso M a y n a r d S m i t h 1 9 8 1 ) . In the face o f a l l the b a l l y h o o , I 

a m a n x i o u s t o b e v e r y c l e a r a b o u t , t o q u o t e o n e o f the i r o w n sect ion 

h e a d i n g s , e x a c t l y ' W h a t E l d r e d g e a n d G o u l d D i d N o t ( A n d D i d ) S a y ' . 

T h e t h e o r y o f p u n c t u a t e d e q u i l i b r i a suggests tha t e v o l u t i o n does not 

consis t i n c o n t i n u o u s s m o o t h c h a n g e , ' s ta te ly u n f o l d i n g ' , b u t goes in j e rks , 

p u n c t u a t i n g l o n g p e r i o d s o f stasis. L a c k o f e v o l u t i o n a r y c h a n g e i n fossil 

l i n e a g e s s h o u l d no t be w r i t t e n off a s ' n o d a t a ' , b u t shou ld be r e c o g n i z e d as the 

n o r m , a n d a s w h a t w e shou ld r ea l ly e x p e c t t o see i f w e t ake o u r m o d e r n 

synthes i s , p a r t i c u l a r l y its e m b e d d e d ideas o f a l l o p a t r i c spec i a t i on , se r ious ly : 

' A s a c o n s e q u e n c e o f the a l l o p a t r i c t heo ry , n e w fossil spec ies do not o r ig ina te 

in the p l a c e w h e r e the i r ances to r s l i v e d . I t i s extremely i m p r o b a b l e that we 

shal l be a b l e to t r a ce the g r a d u a l sp l i t t i ng of a l i n e a g e m e r e l y by f o l l o w i n g a 

c e r t a i n spec ies up t h r o u g h a l o c a l r o c k c o l u m n ' ( E l d r e d g e & G o u l d 1 9 7 2 , p . 

9 4 ) . O f c o u r s e m i c r o e v o l u t i o n b y o r d i n a r y n a t u r a l se lec t ion , w h a t I w o u l d 

ca l l g e n e t i c r e p l i c a t o r s e l ec t ion , goes o n , b u t i t i s l a r g e l y conf ined to b r i e f 

burs ts o f a c t i v i t y a r o u n d the crisis t imes k n o w n as spec i a t i on even t s . T h e s e 

bursts o f m i c r o e v o l u t i o n a re u s u a l l y c o m p l e t e d too fast for pa l aeon to log i s t s to 

t r a c k t h e m . A l l we c a n see i s the s ta te o f the l i n e a g e before a n d after the n e w 

spec ies i s f o r m e d . I t fo l lows tha t ' g a p s ' in the fossil r e c o r d b e t w e e n species , 

far f rom b e i n g the e m b a r r a s s m e n t D a r w i n i a n s h a v e s o m e t i m e s t aken t h e m to 

be , a re e x a c t l y w h a t w e shou ld e x p e c t . 

T h e p a l a e o n t o l o g i c a l e v i d e n c e c a n b e a r g u e d a b o u t ( G i n g e r i c h 1 9 7 6 ; 

G o u l d & E l d r e d g e 1 9 7 7 ; H a l l a m 1 9 7 8 ) , a n d I am not qua l i f i ed to j u d g e it. 

A p p r o a c h i n g f rom a n o n - p a l a e o n t o l o g i c a l d i r e c t i o n , i n d e e d in l a m e n t a b l e 

i g n o r a n c e o f t he w h o l e E l d r e d g e / G o u l d t h e o r y , I o n c e found the 

W r i g h t i a n / M a y r i a n i d e a o f buffered g e n e - p o o l s res is t ing c h a n g e , bu t 

o c c a s i o n a l l y s u c c u m b i n g t o g e n e t i c r e v o l u t i o n s , sa t i s fy ingly c o m p a t i b l e w i t h 

o n e o f m y o w n e n t h u s i a s m s , M a y n a r d S m i t h ' s ( 1 9 7 4 ) ' e v o l u t i o n a r i l y s tab le 

s t r a t e g y ' c o n c e p t : 

T h e g e n e p o o l w i l l b e c o m e an evolutionarily stable set of genes , defined 

a s a g e n e p o o l w h i c h c a n n o t b e i n v a d e d b y a n y n e w g e n e . M o s t n e w 
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genes w h i c h ar ise , e i the r b y m u t a t i o n o r r e a s s o r t m e n t o r i m m i g r a t i o n , 

a re q u i c k l y p e n a l i z e d b y n a t u r a l s e l e c t i o n : the e v o l u t i o n a r i l y s t ab le 

set i s res tored . O c c a s i o n a l l y . . . t he re i s a t r ans i t i ona l p e r i o d of 

ins tab i l i ty , t e r m i n a t i n g in a n e w e v o l u t i o n a r i l y s t ab l e set . . . a 

p o p u l a t i o n m i g h t h a v e m o r e t han o n e a l t e r n a t i v e s t ab l e p o i n t , a n d i t 

m i g h t o c c a s i o n a l l y f l i p f rom o n e t o a n o t h e r . P r o g r e s s i v e e v o l u t i o n 

m a y be not so m u c h a s t e a d y u p w a r d c l i m b as a series of d i s c r e t e s teps 

from s t ab le p l a t e a u t o s t ab le p l a t e a u [ D a w k i n s 1 9 7 6 a , p . 9 3 ] . 

I am also q u i t e impres sed w i t h E l d r e d g e a n d G o u l d ' s r e i t e r a t e d po in t 

a b o u t t i m e - s c a l e s : ' H o w c a n w e v i e w a s t e a d y p r o g r e s s i o n y i e l d i n g a 1 0 % 

increase in a m i l l i o n y e a r s as a n y t h i n g b u t a m e a n i n g l e s s a b s t r a c t i o n ? C a n 

this v a r i e d w o r l d o f ours poss ib ly i m p o s e s u c h m i n u t e s e l ec t i on pressures so 

u n i n t e r r u p t e d l y for so l o n g ? ' ( G o u l d & E l d r e d g e 1 9 7 7 ) . ' . . . t o see 

g r a d u a l i s m a t all in the fossil r eco rd i m p l i e s such an e x c r u c i a t i n g l y s l o w r a t e 

o f p e r - g e n e r a t i o n c h a n g e tha t we mus t se r ious ly c o n s i d e r its i nv i s ib i l i t y t o 

na tu ra l se lec t ion i n the c o n v e n t i o n a l m o d e — c h a n g e s tha t con fe r m o m e n t a r y 

a d a p t i v e a d v a n t a g e s ' ( G o u l d 1980a ) . I suppose the f o l l o w i n g a n a l o g y m i g h t 

be m a d e . I f a c o r k f loa t s f rom o n e s ide o f the A t l a n t i c to the o the r , t r a v e l l i n g 

s teadi ly w i t h o u t d e v i a t i n g o r g o i n g b a c k w a r d s , w e m i g h t i n v o k e the G u l f 

S t r e a m o r T r a d e W i n d s i n e x p l a n a t i o n . T h i s w i l l s e e m p l a u s i b l e i f the t i m e 

the co rk takes to cross the o c e a n i s of the r igh t o r d e r of m a g n i t u d e , s a y a f e w 

weeks or m o n t h s . B u t i f the c o r k shou ld t a k e a m i l l i o n y e a r s to cross the 

o c e a n , a g a i n not d e v i a t i n g o r g o i n g b a c k w a r d s b u t s t e a d i l y i n c h i n g its w a y 

across , w e shou ld no t b e satisfied w i t h a n y e x p l a n a t i o n i n t e rms o f cu r r en t s 

a n d w i n d s . C u r r e n t s a n d w i n d s j u s t d o n ' t m o v e tha t s l o w l y , o r i f t h e y d o t hey 

wi l l be so w e a k tha t the c o r k w i l l be o v e r w h e l m i n g l y buf fe ted by o t h e r 

forces, b a c k w a r d s a s m u c h as f o r w a r d s . I f we f o u n d a c o r k s t e a d i l y m o v i n g a t 

such an e x t r e m e l y s low ra te , we w o u l d h a v e to seek a w h o l l y d i f ferent k ind o f 

e x p l a n a t i o n , a n e x p l a n a t i o n c o m m e n s u r a t e w i t h the t i m e - s c a l e o f the 

p h e n o m e n o n o b s e r v e d . 

I n c i d e n t a l l y , the re i s a m i l d l y in te res t ing h i s to r i ca l i r o n y h e r e . O n e o f the 

ea r ly a r g u m e n t s used a g a i n s t D a r w i n w a s tha t the re w a s n ' t e n o u g h t i m e for 

the p roposed a m o u n t o f e v o l u t i o n t o h a v e h a p p e n e d . I t s e e m e d h a r d t o 

i m a g i n e tha t se l ec t ion pressures w e r e s t rong e n o u g h to a c h i e v e al l t ha t 

e v o l u t i o n a r y c h a n g e i n the shor t t ime then t h o u g h t t o b e a v a i l a b l e . T h e 

a r g u m e n t o f E l d r e d g e a n d G o u l d j u s t g i v e n i s a l m o s t the e x a c t o p p o s i t e : i t i s 

ha rd to i m a g i n e a se l ec t ion pressure weak e n o u g h to sus ta in s u c h a s l ow ra te 

o f u n i d i r e c t i o n a l e v o l u t i o n o v e r such a l o n g p e r i o d ! P e r h a p s w e s h o u l d t ake 

w a r n i n g from this h i s to r ica l twis t . B o t h a r g u m e n t s resor t to the ' h a r d to 

i m a g i n e ' s ty le o f r e a s o n i n g tha t D a r w i n so w i s e l y c a u t i o n e d u s a g a i n s t . 

A l t h o u g h I f i n d E l d r e d g e a n d G o u l d ' s t i m e - s c a l e p o i n t s o m e w h a t 

p laus ib le , I am less conf iden t a b o u t i t t h a n t h e y a r e , s ince I do fear the 
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l i m i t a t i o n s o f m y o w n i m a g i n a t i o n . A f t e r a l l , the g r a d u a l i s t t heo ry does not 

r e a l l y n e e d to a s s u m e unidirectional e v o l u t i o n for l o n g pe r iods . In terms of my 

c o r k a n a l o g y , w h a t i f the w i n d i s so w e a k tha t the co rk takes a m i l l i o n years 

t o cross the A t l a n t i c ? W a v e s a n d l o c a l cu r ren t s m a y i n d e e d send i t 

b a c k w a r d s a l m o s t a s m u c h as fo rwards . B u t w h e n all i s a d d e d u p , the net 

s ta t i s t ica l d i r e c t i o n o f the c o r k m a y still be d e t e r m i n e d by a s low a n d 

re lent less w i n d . 

I a l so w o n d e r w h e t h e r E l d r e d g e a n d G o u l d g i v e sufficient a t t en t ion to the 

poss ib i l i t ies o p e n e d u p b y ' a r m s r a c e s ' ( C h a p t e r 4 ) . I n c h a r a c t e r i z i n g the 

g r a d u a l i s t t h e o r y tha t t hey a t t a c k , t hey w r i t e : ' T h e p o s t u l a t e d m e c h a n i s m 

for g r a d u a l u n i - d i r e c t i o n a l c h a n g e is " o r t h o s e l e c t i o n " , u sua l l y v i e w e d as a 

c o n s t a n t a d j u s t m e n t to a u n i - d i r e c t i o n a l c h a n g e in o n e or m o r e features of 

the p h y s i c a l e n v i r o n m e n t ' ( E l d r e d g e & G o u l d 1 9 7 2 ) . I f the w i n d s a n d 

cu r r en t s o f the p h y s i c a l e n v i r o n m e n t pressed s t ead i ly i n the s a m e d i rec t ion 

o v e r g e o l o g i c a l t ime- sca l e s , i t m i g h t i n d e e d seem l ike ly tha t a n i m a l l ineages 

w o u l d r e a c h the o t h e r s ide o f the i r e v o l u t i o n a r y o c e a n so fast tha t 

p a l a e o n t o l o g i s t s c o u l d no t t r ack thei r pas sage . 

B u t c h a n g e ' p h y s i c a l ' t o ' b i o l o g i c a l ' a n d th ings m a y look different . I f e a c h 

sma l l a d a p t i v e s tep in o n e l i n e a g e ca l l s for th a c o u n t e r a d a p t a t i o n in 

a n o t h e r l i n e a g e — s a y its p r e d a t o r s — s l o w , d i r e c t i o n a l o r those lec t ion looks 

r a t h e r m o r e p l a u s i b l e . T h e s a m e i s t rue o f in t raspec i f ic c o m p e t i t i o n , w h e r e 

the o p t i m u m s ize , say , for an i n d i v i d u a l c a n be s l igh t ly l a rge r t han the 

p resen t p o p u l a t i o n m o d e , whatever the present population mode may be. ' . . . in the 

p o p u l a t i o n as a w h o l e the re is a cons t an t t e n d e n c y to f avor a s ize s l igh t ly 

a b o v e the m e a n . T h e s l i gh t ly l a rge r a n i m a l s h a v e a v e r y sma l l b u t i n the 

l o n g run , i n l a r g e p o p u l a t i o n s , d e c i s i v e a d v a n t a g e i n c o m p e t i t i o n . . . T h u s , 

p o p u l a t i o n s t ha t a r e r e g u l a r l y e v o l v i n g i n this w a y a re a l w a y s w e l l a d a p t e d 

as r e g a r d s s ize in the sense tha t the o p t i m u m is c o n t i n u o u s l y i n c l u d e d in their 

n o r m a l r a n g e o f v a r i a t i o n , b u t a c o n s t a n t a s y m m e t r y in the cen t r ipe ta l 

s e l ec t ion favors a s l ow u p w a r d shift in the m e a n ' ( S i m p s o n 1 9 5 3 , p . 1 5 1 ) . 

A l t e r n a t i v e l y ( a n d shame le s s ly h a v i n g i t b o t h w a y s ! ) , i f e v o l u t i o n a r y t rends 

r ea l l y a re p u n c t u a t e d a n d s t e p p e d , p e r h a p s this i n i tse l f c o u l d be e x p l a i n e d 

b y the a r m s r a c e c o n c e p t , g i v e n t ime- l ags b e t w e e n a d a p t i v e a d v a n c e s o n one 

s ide o f the a r m s r a c e a n d responses by the o the r . 

B u t let u s p r o v i s i o n a l l y a c c e p t the t heo ry o f p u n c t u a t e d e q u i l i b r i a a s an 

e x c i t i n g l y d i f ferent w a y o f l o o k i n g a t f ami l i a r p h e n o m e n a , a n d turn t o the 

o t h e r s ide o f G o u l d a n d E l d r e d g e ' s ( 1 9 7 7 ) e q u a t i o n , ' p u n c t u a t e d equ i l i b r i a 

+ W r i g h t ' s r u l e = spec ies s e l ec t i on ' . W r i g h t ' s R u l e (not his o w n co in ing ) is 

' the p r o p o s i t i o n tha t a set of m o r p h o l o g i e s p r o d u c e d by spec i a t i on events i s 

e ssen t ia l ly r a n d o m w i t h r e spec t t o the d i r e c t i o n o f e v o l u t i o n a r y t rends w i t h i n 

a c l a d e ' ( G o u l d & E l d r e d g e 1 9 7 7 ) . F o r e x a m p l e , e v e n i f there i s an ove ra l l 

t r end t o w a r d s l a r g e r s ize in a set o f r e l a t ed l i neages , W r i g h t ' s R u l e suggests 

t ha t t he re i s no s y s t e m a t i c t e n d e n c y for n e w l y b r a n c h e d - o f f species to be 
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l a rger t han thei r p a r e n t spec ies . T h e a n a l o g y w i t h the ' r a n d o m n e s s ' o f 

m u t a t i o n i s c l ea r , a n d this l eads d i r e c t l y to the r i g h t - h a n d s ide of the 

e q u a t i o n . I f n e w spec ies differ f rom the i r p redecessors r a n d o m l y w i t h r e spec t 

to ma jo r t rends , m a j o r t rends t h e m s e l v e s m u s t be d u e to d i f fe rent ia l 

ex t inc t ion a m o n g those n e w s p e c i e s — ' s p e c i e s s e l e c t i o n ' , t o use S t a n l e y ' s 

( 1 9 7 5 ) t e rm. 

G o u l d (1980a) r e g a r d s ' the tes t ing of W r i g h t ' s r u l e as a m a j o r task for 

m a c r o e v o l u t i o n a r y t heo ry a n d p a l e o b i o l o g y . F o r t he t h e o r y o f spec ies 

se lec t ion , in its p u r e fo rm, d e p e n d s u p o n it. C o n s i d e r , for e x a m p l e , a l i n e a g e 

d i s p l a y i n g C o p e ' s ru le o f i n c r e a s i n g b o d y s i z e — h o r s e s , for e x a m p l e . I f 

W r i g h t ' s ru le be v a l i d , a n d n e w species o f horses ar ise e q u a l l y of ten a t s izes 

smal le r a n d l a rge r t han the i r ances tors , t hen the t r end i s p o w e r e d by spec ies 

se lec t ion . B u t i f n e w spec ies ar ise p r e f e r en t i a l l y a t s izes l a r g e r t h a n the i r 

ances tors , then w e d o n ' t r equ i r e spec ies s e l ec t ion a t a l l , s ince r a n d o m 

ex t inc t ion w o u l d still y i e l d the t r end . ' G o u l d h e r e s i m u l t a n e o u s l y s t icks his 

neck out a n d h a n d s O c c a m ' s R a z o r t o his o p p o n e n t s ! H e c o u l d eas i ly h a v e 

c l a i m e d tha t e v e n i f his m u t a t i o n - a n a l o g u e ( spec ia t ion ) was d i r e c t e d , the 

t rend m i g h t still be re in forced by spec ies se l ec t ion ( L e v i n t o n & S i m o n 1980) . 

W i l l i a m s ( 1 9 6 6 , p . 99) in an in te res t ing d i scuss ion w h i c h I h a v e no t seen 

c i ted in the l i t e r a tu re on p u n c t u a t e d e q u i l i b r i a , cons ide r s a fo rm of spec ies 

se lect ion a c t i n g in opposition to, a n d p e r h a p s o u t w e i g h i n g , t he o v e r a l l t r end of 

evo lu t i on w i t h i n spec ies . He a g a i n uses the horse e x a m p l e , a n d the fact t ha t 

ear l ie r fossils t end to be s m a l l e r t h a n l a te r o n e s : 

F r o m this o b s e r v a t i o n , i t i s t e m p t i n g to c o n c l u d e tha t , a t leas t mos t of 

the t ime a n d on the a v e r a g e , a l a r g e r t h a n m e a n s ize w a s an 

a d v a n t a g e t o an i n d i v i d u a l horse i n its r e p r o d u c t i v e c o m p e t i t i o n w i t h 

the rest o f its p o p u l a t i o n . So the c o m p o n e n t p o p u l a t i o n s o f the 

T e r t i a r y ho r se - f auna a re p r e s u m e d t o h a v e b e e n e v o l v i n g l a r g e r s ize 

most o f the t ime a n d on the a v e r a g e . I t i s c o n c e i v a b l e , h o w e v e r , t ha t 

p rec i se ly the oppos i t e i s t rue . I t m a y b e tha t a t a n y g i v e n m o m e n t 

d u r i n g the T e r t i a r y , mos t o f the horse p o p u l a t i o n s w e r e e v o l v i n g a 

sma l l e r s ize . To a c c o u n t for the t r end t o w a r d s l a r g e r s ize i t i s m e r e l y 

necessa ry t o m a k e the a d d i t i o n a l a s s u m p t i o n tha t g r o u p se l ec t ion 

f a v o u r e d such a t e n d e n c y . T h u s , w h i l e o n l y a m i n o r i t y o f the 

p o p u l a t i o n s m a y h a v e b e e n e v o l v i n g a l a r g e r s ize , i t c o u l d h a v e b e e n 

this m i n o r i t y t ha t g a v e rise to mos t o f the p o p u l a t i o n s o f a m i l l i o n 

years l a t e r . ' 

I do not f ind i t h a r d to b e l i e v e tha t s o m e of the m a j o r m a c r o e v o l u t i o n a r y 

t rends, o f the C o p e ' s R u l e t y p e (bu t see H a l l a m 1 9 7 8 ) , o b s e r v e d b y p a l a e o n t o l 

ogists a re d u e to spec ies s e l ec t ion , in the sense of this p a s s a g e f rom W i l l i a m s , 

w h i c h I th ink i s the s a m e as E l d r e d g e a n d G o u l d ' s sense . As I b e l i e v e a l l 
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t h r ee a u t h o r s w o u l d a g r e e , this i s a v e r y different m a t t e r f rom a c c e p t i n g 

g r o u p se l ec t ion as an e x p l a n a t i o n for i n d i v i d u a l se l f -sacr i f ice : a d a p t a t i o n s for 

the g o o d o f the spec ies . T h e r e w e a re t a l k i n g a b o u t a n o t h e r k ind o f g r o u p 

se l ec t ion m o d e l , w h e r e the g r o u p is r e a l l y seen not as a r e p l i c a t o r bu t as a 

v e h i c l e for r e p l i c a t o r s . I sha l l c o m e to this s e c o n d k ind of g r o u p se lec t ion 

la te r . M e a n w h i l e I sha l l a r g u e tha t a b e l i e f in the p o w e r of species se lec t ion 

to s h a p e s i m p l e m a j o r t rends is no t the s a m e as a b e l i e f in its p o w e r to put 

t o g e t h e r c o m p l e x a d a p t a t i o n s such a s eyes a n d b ra ins . 

T h e m a j o r t rends o f p a l a e o n t o l o g y , s imp le increases i n a b s o l u t e s ize , o r o f 

r e l a t i v e sizes o f di f ferent par t s o f the b o d y , a re i m p o r t a n t a n d in te res t ing , bu t 

t h e y a r e , a b o v e a l l , s i m p l e . A c c e p t i n g E l d r e d g e a n d G o u l d ' s b e l i e f that 

n a t u r a l s e l ec t ion i s a g e n e r a l t h e o r y tha t c a n be ph ra sed on m a n y leve ls , the 

p u t t i n g t o g e t h e r o f a c e r t a i n q u a n t i t y o f e v o l u t i o n a r y c h a n g e d e m a n d s a 

c e r t a i n m i n i m u m n u m b e r o f se lec t ive r e p l i c a t o r - e l i m i n a t i o n s . W h e t h e r the 

r e p l i c a t o r s t ha t a r e s e l e c t i v e l y e l i m i n a t e d a re g e n e s or spec ies , a s imple 

e v o l u t i o n a r y c h a n g e r equ i r e s o n l y a few r e p l i c a t o r subs t i tu t ions . A l a rge 

n u m b e r o f r e p l i c a t o r subs t i tu t ions , h o w e v e r , a re n e e d e d for the e v o l u t i o n o f 

a c o m p l e x a d a p t a t i o n . T h e m i n i m u m r e p l a c e m e n t c y c l e t ime w h e n w e 

c o n s i d e r the g e n e as r e p l i c a t o r i s o n e i n d i v i d u a l g e n e r a t i o n , from z y g o t e to 

z y g o t e . I t i s m e a s u r e d in y e a r s o r m o n t h s , o r s m a l l e r t ime uni ts . E v e n in the 

l a rges t o r g a n i s m s i t i s m e a s u r e d in o n l y tens o f y e a r s . W h e n we cons ide r the 

spec ies as r e p l i c a t o r , on the o the r h a n d , the r e p l a c e m e n t c y c l e t ime i s the 

i n t e r v a l f rom s p e c i a t i o n e v e n t t o spec i a t i on e v e n t , a n d m a y be m e a s u r e d in 

t h o u s a n d s o f y e a r s , tens o f t housands , h u n d r e d s o f t housands . I n a n y g i v e n 

p e r i o d o f g e o l o g i c a l t ime , the n u m b e r o f s e l ec t ive species ex t i nc t i ons tha t c a n 

h a v e t a k e n p l a c e i s m a n y orders o f m a g n i t u d e less t han the n u m b e r o f 

s e l ec t i ve a l l e l e r e p l a c e m e n t s tha t c a n h a v e t a k e n p l a c e . 

A g a i n i t m a y be j u s t a l i m i t a t i o n o f the i m a g i n a t i o n , bu t w h i l e I c a n easi ly 

see spec ies s e l ec t ion s h a p i n g a s i m p l e s ize t rend such as the T e r t i a r y 

e l o n g a t i o n of horse l egs , I c a n n o t see such s low r e p l i c a t o r - e l i m i n a t i o n 

p u t t i n g t o g e t h e r a su i te o f a d a p t a t i o n s such as those of w h a l e s to a q u a t i c life. 

N o w , i t m a y b e sa id , su re ly tha t i s unfa i r . H o w e v e r c o m p l e x the a q u a t i c 

a d a p t a t i o n s o f w h a l e s m a y b e w h e n t a k e n a s a w h o l e , c a n they no t b e b r o k e n 

d o w n in to a set o f s i m p l e s ize t rends w i t h a l l o m e t r i c cons tan t s o f v a r y i n g 

m a g n i t u d e a n d s ign i n dif ferent par t s o f the b o d y ? I f y o u c a n s t o m a c h one -

d i m e n s i o n a l e l o n g a t i o n in horses ' legs as d u e to spec ies se lec t ion , w h y no t a 

w h o l e set o f e q u a l l y s i m p l e s ize t r ends a d v a n c i n g i n p a r a l l e l , a n d e a c h one 

d r i v e n by spec ies s e l e c t i o n ? T h e w e a k n e s s in this a r g u m e n t i s a s tat is t ical 

o n e . S u p p o s e the re a r e t en such p a r a l l e l t rends , w h i c h i s sure ly a h i g h l y 

c o n s e r v a t i v e e s t i m a t e for the e v o l u t i o n o f a q u a t i c a d a p t a t i o n s in w h a l e s . I f 

W r i g h t ' s R u l e i s t o a p p l y to a l l ten , i n a n y o n e spec i a t i on e v e n t e a c h o f the 

ten t rends i s as l i k e l y to be r eve r sed as to be a d v a n c e d . T h e c h a n c e that all 

ten w i l l be a d v a n c e d in a n y o n e .speciat ion e v e n t i s o n e h a l f to the p o w e r ten, 
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w h i c h i s less t h a n o n e in a t h o u s a n d . I f the re a r e t w e n t y p a r a l l e l t r ends , the 

c h a n c e o f a n y o n e s p e c i a t i o n e v e n t a d v a n c i n g a l l t w e n t y s i m u l t a n e o u s l y i s 

less than o n e in a m i l l i o n . 

A d m i t t e d l y , s o m e a d v a n c e m e n t t o w a r d s c o m p l e x m u l t i d i m e n s i o n a l 

a d a p t a t i o n m i g h t be a c h i e v e d t h r o u g h spec ies s e l ec t ion e v e n i f no t a l l t en (or 

twen ty ) t rends w e r e a d v a n c e d t o g e t h e r i n a n y o n e s e l ec t i ve e v e n t . A f t e r a l l , 

m u c h the s a m e c r i t i c a l po in t c a n b e m a d e a b o u t the s e l ec t i ve d e a t h s o f 

i n d i v i d u a l o r g a n i s m s : i t i s r a re to find o n e i n d i v i d u a l a n i m a l t ha t i s o p t i m a l 

i n all the different d i m e n s i o n s o f m e a s u r e m e n t . T h e a r g u m e n t f ina l ly re tu rns 

to the d i f ference in c y c l e t imes . We sha l l h a v e to m a k e a q u a n t i t a t i v e 

j u d g e m e n t t a k i n g in to a c c o u n t the v a s t l y g r e a t e r c y c l e t ime b e t w e e n 

r ep l i ca to r dea th s in the spec ies se l ec t ion case t h a n in the g e n e s e l ec t i on case , 

and also t a k i n g in to a c c o u n t the c o m b i n a t o r i a l p r o b l e m ra i sed a b o v e . I h a v e 

ne i ther the d a t a no r the m a t h e m a t i c a l skills to u n d e r t a k e this q u a n t i t a t i v e 

j u d g e m e n t , t h o u g h I h a v e a d i m fee l ing for the k ind of m e t h o d o l o g y tha t 

w o u l d be i n v o l v e d i n se t t ing up an a p p r o p r i a t e nu l l h y p o t h e s i s : i t w o u l d fall 

u n d e r the g e n e r a l h e a d i n g w h i c h I l ike t o t h ink o f a s ' W h a t D ' A r c y 

T h o m p s o n m i g h t h a v e d o n e w i t h a c o m p u t e r ' , a n d p r o g r a m s o f the 

a p p r o p r i a t e t y p e h a v e a l r e a d y b e e n w r i t t e n ( R a u p e t al. 1 9 7 3 ) . M y 

p rov i s iona l guess is tha t spec ies se l ec t ion w i l l no t be found to be a g e n e r a l l y 

sat isfactory e x p l a n a t i o n o f c o m p l e x a d a p t a t i o n . 

C o n s i d e r a n o t h e r l ine o f a r g u m e n t t ha t the spec ies se lec t ion i s t m i g h t 

a d o p t . H e m i g h t pro tes t tha t i t i s u n r e a s o n a b l e o f m e t o b a s e m y 

c o m b i n a t o r i a l c a l c u l a t i o n on the a s s u m p t i o n tha t the ten m a j o r t r ends i n the 

evo lu t i on o f w h a l e s a re i n d e p e n d e n t . S u r e l y the n u m b e r o f c o m b i n a t i o n s w e 

h a v e t o cons ide r w i l l b e d r a s t i c a l l y r e d u c e d b y c o r r e l a t i o n s a m o n g the 

different t r ends? I t i s i m p o r t a n t he re to d i s t ingu i sh t w o di f ferent sou rces of 

co r re l a t ion , w h i c h m a y b e c a l l e d i n c i d e n t a l c o r r e l a t i o n a n d a d a p t i v e 

co r re l a t ion . A n i n c i d e n t a l c o r r e l a t i o n i s a n in t r ins ic c o n s e q u e n c e o f the facts 

o f e m b r y o l o g y . F o r e x a m p l e , e l o n g a t i o n o f the left f o r e l eg i s u n l i k e l y to be 

i n d e p e n d e n t o f e l o n g a t i o n o f the r igh t fo re l eg . A n y m u t a t i o n tha t a c h i e v e s 

one i s in t r ins ica l ly l ike ly to a c h i e v e the o the r s i m u l t a n e o u s l y . S l i g h t l y less 

o b v i o u s l y , the s a m e m i g h t b e p a r t i a l l y t rue o f e l o n g a t i o n o f the fore legs a n d 

the h i n d l e g s . T h e r e a re p r o b a b l y m a n y s imi l a r cases t ha t a r e less o b v i o u s 

still. 

A n a d a p t i v e c o r r e l a t i o n , o n the o t h e r h a n d , does no t f o l l o w d i r e c t l y f rom 

the m e c h a n i c s of e m b r y o l o g y . A l i n e a g e tha t m o v e s f rom a te r res t r ia l to an 

a q u a t i c ex i s t ence i s l ike ly to need c h a n g e s to its l o c o m o t o r y s y s t e m a n d its 

resp i ra tory sys tem, a n d the re i s no o b v i o u s r ea son to e x p e c t a n y in t r ins ic 

c o n n e c t i o n b e t w e e n t h e m . W h y should t r ends tha t c o n v e r t w a l k i n g l i m b s t o 

f l i ppe r s be in t r ins ica l ly c o r r e l a t e d w i t h t rends to boos t the e f f i c i ency o f the 

lungs in e x t r a c t i n g o x y g e n ? Of cour se i t i s possible t ha t t w o s u c h c o a d a p t e d 

trends m i g h t b e c o r r e l a t e d a s a n i n c i d e n t a l c o n s e q u e n c e o f e m b r y o l o g i c a l 
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m e c h a n i s m s , b u t the c o r r e l a t i o n i s no m o r e l i ke ly to be pos i t ive than 

n e g a t i v e . W e a re b a c k t o o u r c o m b i n a t o r i a l c a l c u l a t i o n , a l b e i t w e must 

exe rc i s e c a r e i n c o u n t i n g o u r s e p a r a t e d i m e n s i o n s o f c h a n g e . 

F i n a l l y , t he spec ies se lec t ionis t m a y re t rea t a n d i n v o k e o r d i n a r y l o w - l e v e l 

n a t u r a l s e l ec t i on t o w e e d o u t i l l - c o a d a p t e d c o m b i n a t i o n s o f c h a n g e , s o that 

s p e c i a t i o n e v e n t s o n l y se rve u p a l r e a d y t r ied a n d p r o v e d c o m b i n a t i o n s t o the 

s i eve o f spec ies s e l e c t i o n . B u t this ' spec ies se lec t ion i s t ' is, by G o u l d ' s l ights , no 

spec ies se lec t ion is t a t a l l ! He has c o n c e d e d tha t a l l the in te res t ing 

e v o l u t i o n a r y c h a n g e resul ts f rom in te r -a l l e l e se lec t ion a n d no t f rom inter

spec ies s e l ec t i on , a l b e i t i t m a y be c o n c e n t r a t e d in b r i e f bursts , p u n c t u a t i n g 

stasis. H e has c o n c e d e d the v i o l a t i o n o f W r i g h t ' s R u l e . A n d i f ' W r i g h t ' s 

R u l e ' n o w seems u n f a i r l y e a sy to v i o l a t e , tha t i s w h a t I m e a n t w h e n I said 

tha t G o u l d h a d s tuck his n e c k ou t . I shou ld r e p e a t tha t W r i g h t h i m s e l f i s not 

r e spons ib l e for n a m i n g the ru l e . 

T h e t h e o r y o f spec ies s e l ec t ion , g r o w i n g ou t o f tha t o f p u n c t u a t e d 

e q u i l i b r i a , i s a s t i m u l a t i n g i d e a w h i c h m a y w e l l e x p l a i n s o m e single 

d i m e n s i o n s o f q u a n t i t a t i v e c h a n g e i n m a c r o e v o l u t i o n . I w o u l d be v e r y 

surpr i sed i f i t c o u l d be used to e x p l a i n the sort o f c o m p l e x m u l t i d i m e n s i o n a l 

a d a p t a t i o n tha t I find in t e res t ing , the ' P a l e y ' s w a t c h ' , o r ' O r g a n s o f e x t r e m e 

Pe r f ec t i on a n d C o m p l i c a t i o n ' , k i n d o f a d a p t a t i o n tha t seems to d e m a n d a 

s h a p i n g a g e n t a t leas t as p o w e r f u l as a de i t y . R e p l i c a t o r se l ec t ion , w h e r e the 

r e p l i c a t o r s a r e a l t e r n a t i v e a l l e les , m a y w e l l b e p o w e r f u l e n o u g h . I f the 

r e p l i c a t o r s a r e a l t e r n a t i v e species, h o w e v e r , I d o u b t i f i t is p o w e r f u l e n o u g h , 

b e c a u s e i t i s t o o s l o w . E l d r e d g e a n d C r a c r a f t (1980 , p . 269) a p p e a r to a g r e e : 

' T h e c o n c e p t o f n a t u r a l s e l ec t i on (fitness d i f fe rences , o r di f ferent ia l 

r e p r o d u c t i o n o f i n d i v i d u a l s w i t h i n p o p u l a t i o n s ) a p p e a r s to be a co r 

r o b o r a t e d , w i t h i n - p o p u l a t i o n p h e n o m e n o n , a n d cons t i tu tes the best 

a v a i l a b l e e x p l a n a t i o n for the o r i g i n , m a i n t e n a n c e , a n d poss ible mod i f i ca t i on 

o f a d a p t a t i o n s . ' I f this i s i n d e e d the o p i n i o n o f ' p u n c t u a t i o n i s t s ' a n d ' species 

se lec t ion i s t s ' g e n e r a l l y , i t i s h a r d to see w h a t a l l the fuss is a b o u t . 

F o r s i m p l i c i t y I h a v e d i scussed the t heo ry of spec ies se lec t ion as one in 

w h i c h the spec ies i s t r e a t e d as a r e p l i c a t o r . T h e r e a d e r wi l l h a v e no t i ced , 

h o w e v e r , t ha t this i s r a t h e r l ike s p e a k i n g o f an a s e x u a l l y r e p r o d u c i n g 

o r g a n i s m as a r e p l i c a t o r . E a r l i e r in this c h a p t e r , we s a w tha t the test of 

m u t i l a t i o n forces us s t r i c t ly to l imi t the t i t le of r e p l i c a t o r to the genome of, 

say , a s t ick insec t , no t the s t ick insect itself. S i m i l a r l y , in the spec ies se lec t ion 

m o d e l , i t is no t the spec ies tha t is the r e p l i c a t o r b u t the gene-pool. I t is 

t e m p t i n g , n o w , t o s ay , ' I n tha t case , w h y no t g o the w h o l e h o g a n d rega rd 

the g e n e a s r e p l i c a t o r r a t h e r t h a n s o m e l a r g e r uni t , e v e n i n the 

E l d r e d g e / G o u l d m o d e l ? ' T h e answer i s tha t i f t hey a re r igh t a b o u t a g e n e -

p o o l b e i n g a c o a d a p t e d un i t , h o m e o s t a t i c a l l y buffered a g a i n s t c h a n g e , i t 

m i g h t h a v e the s a m e k ind of r i gh t to be t r ea t ed as a s ingle r e p l i c a t o r as has 

the g e n o m e of a s t ick insec t . T h e g e n e - p o o l has this r igh t , h o w e v e r , o n l y i f i t 
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i s r e p r o d u c t i v e l y i so la t ed , j u s t as the g e n o m e has tha t r i g h t o n l y i f i t i s 

r e p r o d u c e d a s e x u a l l y . E v e n then the r i gh t i s a t e n u o u s o n e . 

E a r l i e r in this c h a p t e r , we es tab l i shed tha t an o r g a n i s m is de f in i t e ly no t a 

r ep l i ca to r , a l t h o u g h its g e n o m e m a y b e i f i t i s a s e x u a l l y r e p r o d u c e d . W e 

h a v e n o w seen tha t there m a y be a case for r e g a r d i n g the g e n e - p o o l o f a 

r e p r o d u c t i v e l y i so la ted g r o u p , s u c h as a spec ies , as a r e p l i c a t o r . I f we 

p r o v i s i o n a l l y a c c e p t the l o g i c o f this case , w e c a n v i s u a l i z e e v o l u t i o n d i r e c t e d 

by se lec t ion a m o n g s u c h r ep l i ca to r s , b u t I h a v e j u s t c o n c l u d e d tha t this k i n d 

o f se lec t ion i s u n l i k e l y t o e x p l a i n c o m p l e x a d a p t a t i o n . A p a r t f rom the s m a l l 

gene t i c f r a g m e n t , w h i c h w e d iscussed i n the p r e v i o u s c h a p t e r , a re t he re a n y 

o the r p l aus ib l e c a n d i d a t e s for the t i t le o f r e p l i c a t o r ? 

I h a v e p r e v i o u s l y s u p p o r t e d the case for a c o m p l e t e l y n o n - g e n e t i c k i n d of 

r ep l i ca to r , w h i c h f lourishes o n l y i n the e n v i r o n m e n t p r o v i d e d b y c o m p l e x , 

c o m m u n i c a t i n g b ra ins . I c a l l e d i t the ' m e m e ' ( D a w k i n s 1 9 7 6 a ) . 

U n f o r t u n a t e l y , u n l i k e C l o a k ( 1 9 7 5 ) bu t , i f I u n d e r s t a n d t h e m a r i g h t , l ike 

L u m s d e n a n d W i l s o n ( 1 9 8 0 ) , I w a s insuff ic ient ly c l e a r a b o u t the d i s t i n c t i o n 

b e t w e e n the m e m e itself, a s r e p l i c a t o r , on the o n e h a n d , a n d its ' p h e n o t y p i c 

effects ' o r ' m e m e p r o d u c t s ' on the o the r . A m e m e s h o u l d be r e g a r d e d as a 

uni t of i n f o r m a t i o n r e s id ing in a b r a i n ( C l o a k ' s ' i - c u l t u r e ' ) . I t has a def in i t e 

s t ruc ture , r e a l i z e d in w h a t e v e r p h y s i c a l m e d i u m the b r a i n uses for s t o r i ng 

in fo rma t ion . I f the b r a i n stores i n f o r m a t i o n as a p a t t e r n o f s y n a p t i c 

connec t i ons , a m e m e shou ld in p r i n c i p l e be v i s ib le u n d e r a m i c r o s c o p e as a 

defini te p a t t e r n o f s y n a p t i c s t ruc tu re . I f the b r a i n s tores i n f o r m a t i o n in 

' d i s t r ibu ted ' fo rm ( P r i b r a m 1 9 7 4 ) , the m e m e w o u l d no t be l o c a l i z a b l e on a 

m i c r o s c o p e s l ide, b u t still I w o u l d w a n t to r e g a r d i t as p h y s i c a l l y r e s i d i n g in 

the b ra in . T h i s i s to d i s t ingu i sh i t f rom its p h e n o t y p i c effects, w h i c h a r e its 

c o n s e q u e n c e s i n the ou t s ide w o r l d ( C l o a k ' s ' m - c u l t u r e ' ) . 

T h e p h e n o t y p i c effects o f a m e m e m a y b e i n the fo rm o f w o r d s , m u s i c , 

v i sua l i m a g e s , s tyles o f c lo thes , fac ia l o r h a n d ges tu res , skil ls s u c h a s o p e n i n g 

mi lk bot t les i n tits, o r p a n n i n g w h e a t i n J a p a n e s e m a c a q u e s . T h e y a r e the 

o u t w a r d a n d v i s ib le ( a u d i b l e , e tc . ) man i f e s t a t i ons o f the m e m e s w i t h i n the 

b ra in . T h e y m a y b e p e r c e i v e d b y the sense o r g a n s o f o t h e r i n d i v i d u a l s , a n d 

they m a y s o i m p r i n t t hemse lve s o n the b r a in s o f the r e c e i v i n g i n d i v i d u a l s 

that a c o p y (not necessa r i ly e x a c t ) o f the o r i g i n a l m e m e i s g r a v e n in the 

r e c e i v i n g b r a i n . T h e n e w c o p y o f the m e m e i s t hen in a pos i t ion to b r o a d c a s t 

its p h e n o t y p i c effects, w i t h the resul t tha t fur ther c o p i e s o f i t se l f m a y be 

m a d e in ye t o the r b ra ins . 

R e t u r n i n g , for c l a r i f i ca t ion , t o D N A a s o u r a r c h e t y p a l r e p l i c a t o r , its 

c o n s e q u e n c e s o n the w o r l d a r e o f t w o i m p o r t a n t t y p e s . F i r s t ly , i t m a k e s 

copies o f itself, m a k i n g use o f the c e l l u l a r a p p a r a t u s o f r ep l i cases , e t c . 

S e c o n d l y , i t has effects on the ou t s ide w o r l d , w h i c h i n f l u e n c e the c h a n c e s o f 

its c o p i e s ' s u r v i v i n g . T h e f i r s t o f these t w o effects c o r r e s p o n d s t o the m e m e ' s 

use o f the a p p a r a t u s o f i n t e r - i n d i v i d u a l c o m m u n i c a t i o n a n d i m i t a t i o n t o 
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m a k e c o p i e s o f itself. I f i n d i v i d u a l s l ive in a soc ia l c l i m a t e in w h i c h imi t a t i on 

i s c o m m o n , this c o r r e s p o n d s to a c e l l u l a r c l i m a t e r ich in e n z y m e s for c o p y i n g 

D N A . 

B u t w h a t a b o u t the s e c o n d k ind o f effect o f D N A , the k ind c o n v e n t i o n a l l y 

c a l l e d ' p h e n o t y p i c ' ? H o w do a m e m e ' s p h e n o t y p i c effects c o n t r i b u t e t o its 

success o r f a i lu re in b e i n g r e p l i c a t e d ? T h e a n s w e r i s the s a m e as for the 

g e n e t i c r e p l i c a t o r . A n y effect tha t a m e m e has on the b e h a v i o u r o f a b o d y 

b e a r i n g i t m a y i n f l u e n c e tha t m e m e ' s c h a n c e o f s u r v i v i n g . A m e m e tha t 

m a d e its b o d i e s r u n o v e r cliffs w o u l d h a v e a fate l ike tha t of a g e n e for 

m a k i n g its b o d i e s r u n o v e r cliffs. I t w o u l d tend to be e l i m i n a t e d from the 

m e m e - p o o l . B u t j u s t a s p r o m o t i n g b o d i l y s u r v i v a l i s o n l y pa r t o f w h a t const i 

tutes success i n g e n e t i c r ep l i ca to r s , so there a re m a n y o t h e r w a y s in w h i c h 

m e m e s m a y w o r k p h e n o t y p i c a l l y for the i r o w n p r e s e r v a t i o n . I f the p h e n o t y p i c 

effect of a m e m e is a t une , the c a t c h i e r i t is the m o r e l ike ly i t is to be c o p i e d . If 

i t i s a sc ient i f ic i d e a , its c h a n c e s of s p r e a d i n g t h r o u g h the w o r l d ' s scientif ic 

b r a in s w i l l be i n f l u e n c e d by its c o m p a t i b i l i t y w i t h the a l r e a d y es tab l i shed 

c o r p u s of i dea s . I f i t i s a p o l i t i c a l or r e l ig ious i d e a , i t m a y assist its o w n sur

v i v a l i f o n e o f its p h e n o t y p i c effects i s to m a k e its bod ies v i o l e n t l y in to le ran t 

o f n e w a n d u n f a m i l i a r i dea s . A m e m e has its o w n o p p o r t u n i t i e s for r ep l i ca t ion , 

a n d its o w n p h e n o t y p i c effects, a n d the re i s no r ea son w h y success in a 

m e m e s h o u l d h a v e a n y c o n n e c t i o n w h a t e v e r w i t h g e n e t i c success . 

T h i s i s r e g a r d e d b y m a n y o f m y b i o l o g i c a l c o r r e s p o n d e n t s a s the w e a k e s t 

p o i n t i n the w h o l e m e m e t h e o r y ( G r e e n e 1 9 7 8 ; A l e x a n d e r 1980, p . 7 8 ; 

S t a d d o n in p ress ) . I d o n ' t see the p r o b l e m ; or , r a the r , I do see the p r o b l e m 

b u t I d o n ' t t h ink i t is a n y g r e a t e r for m e m e s as r ep l i ca to r s t h a n i t is for genes . 

T i m e a n d a g a i n , m y s o c i o b i o l o g i c a l c o l l e a g u e s h a v e u p b r a i d e d m e a s a 

t u r n c o a t , b e c a u s e I w i l l no t a g r e e w i t h t h e m tha t the ultimate c r i t e r ion for the 

success o f a m e m e m u s t be its c o n t r i b u t i o n t o D a r w i n i a n ' f i tness ' . A t b o t t o m , 

t h e y insist, a ' g o o d m e m e ' sp reads b e c a u s e b r a in s a re r e c e p t i v e to it , a n d the 

r ecep t i venes s o f b r a in s i s u l t i m a t e l y s h a p e d by (gene t i c ) n a t u r a l se lec t ion . 

T h e v e r y fac t t h a t a n i m a l s i m i t a t e o t h e r a n i m a l s a t a l l mus t u l t i m a t e l y b e 

e x p l i c a b l e i n t e rms o f the i r D a r w i n i a n f i t n e s s . 

B u t t he re i s n o t h i n g m a g i c a b o u t D a r w i n i a n f i t ne s s i n the g e n e t i c sense. 

T h e r e i s no l a w g i v i n g i t p r io r i t y as the f u n d a m e n t a l q u a n t i t y tha t i s 

m a x i m i z e d . F i tness i s j u s t a w a y o f t a l k i n g a b o u t the s u r v i v a l o f r ep l i ca to r s , 

i n this c a se g e n e t i c r e p l i c a t o r s . I f a n o t h e r k ind o f en t i t y arises, w h i c h answers 

t o the de f in i t i on o f a n a c t i v e g e r m - l i n e r ep l i ca to r , v a r i a n t s o f the n e w 

r e p l i c a t o r t ha t w o r k for the i r o w n s u r v i v a l w i l l t end t o b e c o m e m o r e 

n u m e r o u s . T o b e cons i s ten t , w e c o u l d i n v e n t a n e w k ind o f ' i n d i v i d u a l 

f i t n e s s ' , w h i c h m e a s u r e d the success o f a n i n d i v i d u a l i n p r o p a g a t i n g his 

m e m e s . 

I t is, o f c o u r s e , t rue tha t ' M e m e s a re u t t e r ly d e p e n d e n t u p o n genes , bu t 

g e n e s c a n exis t a n d c h a n g e q u i t e i n d e p e n d e n t l y o f m e m e s ' ( B o n n e r 1980). 
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But this does no t m e a n tha t the u l t i m a t e c r i t e r ion for success in m e m e 

se lec t ion i s g e n e s u r v i v a l . I t does no t m e a n tha t success g o e s to those m e m e s 

that f avour the g e n e s o f the i n d i v i d u a l s b e a r i n g t h e m . T o b e sure , this w i l l 

some t imes be so. O b v i o u s l y a m e m e tha t causes i n d i v i d u a l s b e a r i n g i t to k i l l 

themse lves has a g r a v e d i s a d v a n t a g e , b u t no t neces sa r i l y a fa ta l o n e . J u s t as a 

g e n e for su ic ide s o m e t i m e s sp reads i tse l f by a r o u n d a b o u t r o u t e ( e .g . in soc ia l 

insect w o r k e r s , o r p a r e n t a l sac r i f i ce ) , so a s u i c i d a l m e m e c a n s p r e a d , a s w h e n 

a d r a m a t i c a n d w e l l - p u b l i c i z e d m a r t y r d o m inspires o the r s to d i e for a d e e p l y 

l oved cause , a n d this in tu rn inspires o thers to d i e , a n d so on ( V i d a l 1 9 5 5 ) . 

I t i s t rue tha t the r e l a t i v e s u r v i v a l success o f a m e m e w i l l d e p e n d c r i t i c a l l y 

on the soc ia l a n d b i o l o g i c a l c l i m a t e in w h i c h i t f inds itself, a n d this c l i m a t e 

wi l l c e r t a i n l y b e i n f luenced b y the g e n e t i c m a k e - u p o f the p o p u l a t i o n . B u t i t 

w i l l a lso d e p e n d on the m e m e s tha t a re a l r e a d y n u m e r o u s i n the m e m e - p o o l . 

G e n e t i c evo lu t ion i s t s a re a l r e a d y h a p p y w i t h the i d e a t h a t the r e l a t i v e 

success o f t w o a l le les c a n d e p e n d u p o n w h i c h g e n e s a t o t h e r loc i d o m i n a t e 

the g e n e - p o o l , a n d I h a v e a l r e a d y m e n t i o n e d this in c o n n e c t i o n w i t h the 

evo lu t i on o f ' c o a d a p t e d g e n o m e s ' . T h e s ta t i s t ica l s t r uc tu r e o f the g e n e - p o o l 

sets up a c l i m a t e o r e n v i r o n m e n t w h i c h affects the success o f a n y o n e g e n e 

re la t ive t o its a l l e les . A g a i n s t o n e g e n e t i c b a c k g r o u n d o n e a l l e l e m a y b e 

f a v o u r e d ; aga ins t a n o t h e r g e n e t i c b a c k g r o u n d its a l l e l e m a y b e f a v o u r e d . 

Fo r e x a m p l e , i f the g e n e - p o o l i s d o m i n a t e d b y g e n e s tha t m a k e a n i m a l s seek 

d r y p laces , this w i l l set up se lec t ion pressures in f a v o u r o f g e n e s for an 

i m p e r m e a b l e skin . B u t a l le les for a m o r e p e r m e a b l e sk in w i l l be f a v o u r e d i f 

the g e n e - p o o l h a p p e n s t o b e d o m i n a t e d b y g e n e s for s e e k i n g d a m p p l a c e s . 

T h e po in t i s the o b v i o u s o n e tha t se lec t ion a t a n y o n e l ocus i s n o t 

i n d e p e n d e n t o f se l ec t ion a t o t h e r loc i . O n c e a l i n e a g e b e g i n s e v o l v i n g in a 

p a r t i c u l a r d i r e c t i o n , m a n y loc i w i l l fall in to s tep , a n d the r e s u l t i n g pos i t i ve 

f eedbacks w i l l t end to p r o p e l the l i n e a g e in the s a m e d i r e c t i o n , i n sp i te o f 

pressures from the ou t s ide w o r l d . A n i m p o r t a n t a spec t o f the e n v i r o n m e n t 

w h i c h selects b e t w e e n a l le les a t a n y o n e l ocus w i l l b e the g e n e s t h a t a l r e a d y 

d o m i n a t e the g e n e - p o o l a t o the r loc i . 

S i m i l a r l y , a n i m p o r t a n t a spec t o f se l ec t ion o n a n y o n e m e m e w i l l b e the 

o the r m e m e s tha t a l r e a d y h a p p e n t o d o m i n a t e the m e m e - p o o l ( W i l s o n 

1 9 7 5 ) . I f the soc ie ty i s a l r e a d y d o m i n a t e d b y M a r x i s t , o r N a z i m e m e s , a n y 

n e w m e m e ' s r e p l i c a t i o n success w i l l b e i n f luenced b y its c o m p a t i b i l i t y w i t h 

this ex i s t ing b a c k g r o u n d . Pos i t i ve f e e d b a c k s w i l l p r o v i d e a m o m e n t u m w h i c h 

c a n ca r ry m e m e - b a s e d e v o l u t i o n i n d i r ec t i ons u n c o n n e c t e d w i t h , o r e v e n 

c o n t r a d i c t o r y to, the d i r ec t ions tha t w o u l d b e f a v o u r e d b y g e n e - b a s e d 

e v o l u t i o n . I a g r e e w i t h P u l l i a m a n d D u n f o r d (1980) t ha t c u l t u r a l e v o l u t i o n 

' o w e s its o r ig in a n d its rules to g e n e t i c e v o l u t i o n , b u t i t has a m o m e n t u m al l 

its o w n ' . 

T h e r e a re , o f cour se , s ign i f ican t d i f ferences b e t w e e n m e m e - b a s e d a n d 

g e n e - b a s e d se lec t ion processes ( C a v a l l i - S f o r z a & F e l d m a n 1 9 7 3 , 1 9 8 1 ) . 
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M e m e s a r e no t s t r u n g o u t a l o n g l i nea r c h r o m o s o m e s , a n d i t i s not c l e a r tha t 

t h e y o c c u p y a n d c o m p e t e for d i sc re te ' l o c i ' , o r tha t they h a v e iden t i f i ab le 

' a l l e l e s ' . P r e s u m a b l y , a s i n the case o f g e n e s , w e c a n s t r ic t ly o n l y ta lk a b o u t 

p h e n o t y p i c effects i n t e rms o f d i f ferences , e v e n i f we j u s t m e a n the difference 

b e t w e e n the b e h a v i o u r p r o d u c e d b y a b r a i n c o n t a i n i n g the m e m e a n d tha t o f 

a b r a i n no t c o n t a i n i n g it. T h e c o p y i n g process i s p r o b a b l y m u c h less prec ise 

t h a n in the c a s e o f g e n e s : t he re m a y be a ce r t a in ' m u t a t i o n a l ' e l e m e n t i n 

e v e r y c o p y i n g e v e n t , a n d this , by the w a y , i s a lso t rue o f the ' species 

s e l e c t i o n ' d i scussed ea r l i e r i n the c h a p t e r . M e m e s m a y p a r t i a l l y b l e n d w i t h 

e a c h o t h e r i n a w a y tha t g e n e s d o not . N e w ' m u t a t i o n s ' m a y b e ' d i r e c t e d ' 

r a t h e r t h a n r a n d o m w i t h r e spec t t o e v o l u t i o n a r y t rends . T h e e q u i v a l e n t o f 

W e i s m a n n i s m i s less r i g id for m e m e s t han for g e n e s : there m a y be 

' L a m a r c k i a n ' c a u s a l a r r o w s l e a d i n g from p h e n o t y p e to r ep l i ca to r , a s w e l l a s 

the o t h e r w a y a r o u n d . T h e s e d i f ferences m a y p r o v e sufficient t o r ende r the 

a n a l o g y w i t h g e n e t i c n a t u r a l s e l e c t i o n w o r t h l e s s o r e v e n pos i t i ve ly 

m i s l e a d i n g . M y o w n fee l ing i s tha t its m a i n v a l u e m a y lie no t s o m u c h i n 

h e l p i n g us t o u n d e r s t a n d h u m a n c u l t u r e a s i n s h a r p e n i n g o u r p e r c e p t i o n o f 

g e n e t i c n a t u r a l s e l e c t i o n . T h i s i s the o n l y r eason I am p r e s u m p t u o u s e n o u g h 

to d iscuss it , for I do no t k n o w n e n o u g h a b o u t the ex i s t i ng l i t e ra tu re on 

h u m a n c u l t u r e t o m a k e a n a u t h o r i t a t i v e c o n t r i b u t i o n t o it. 

W h a t e v e r the c l a i m s o f m e m e s t o be r e g a r d e d a s r ep l i ca to r s i n the s a m e 

sense a s g e n e s , t he f i r s t p a r t o f this c h a p t e r e s tab l i shed tha t i n d i v i d u a l 

o r g a n i s m s a r e no t r e p l i c a t o r s . N e v e r t h e l e s s , t h e y a r e o b v i o u s l y func t iona l 

uni t s o f g r e a t i m p o r t a n c e , a n d i t i s n o w necessa ry t o es tab l i sh e x a c t l y w h a t 

the i r ro le is. I f t he o r g a n i s m is no t a r ep l i ca to r , w h a t i s i t ? T h e a n s w e r i s that 

it is a c o m m u n a l vehicle for r ep l i ca to r s . A v e h i c l e is an en t i ty in w h i c h 

r e p l i c a t o r s (genes a n d m e m e s ) t r a v e l a b o u t , a n en t i t y w h o s e a t t r ibu tes are 

af fec ted by the r e p l i c a t o r s ins ide it , an en t i ty w h i c h m a y be seen as a 

c o m p o u n d tool o f r e p l i c a t o r p r o p a g a t i o n . B u t i n d i v i d u a l o r g a n i s m s are not 

the o n l y en t i t ies t ha t m i g h t be r e g a r d e d as v e h i c l e s in this sense. T h e r e i s a 

h i e r a r c h y o f en t i t ies e m b e d d e d in l a rge r ent i t ies , a n d i n t h e o r y the c o n c e p t o f 

v e h i c l e m i g h t b e a p p l i e d t o a n y l e v e l o f the h i e r a r c h y . 

T h e c o n c e p t o f h i e r a r c h y i s a g e n e r a l l y i m p o r t a n t o n e . C h e m i s t s b e l i e v e 

tha t m a t t e r i s m a d e o f a b o u t a h u n d r e d different k inds o f a t o m s , i n t e r a c t i n g 

w i t h e a c h o t h e r b y m e a n s o f the i r e l ec t rons . A t o m s a re g r e g a r i o u s , fo rming 

h u g e a s s e m b l a g e s w h i c h a re g o v e r n e d b y l a w s a t the i r o w n l e v e l . W i t h o u t 

c o n t r a d i c t i n g the l a w s o f c h e m i s t r y , there fore , we f i nd i t c o n v e n i e n t t o ignore 

a t o m s w h e n w e a r e t h i n k i n g a b o u t l a r g e l u m p s o f m a t t e r . W h e n e x p l a i n i n g 

the w o r k i n g s o f a m o t o r c a r w e forget a t o m s a n d v a n d e r W a a l ' s forces a s 

uni ts o f e x p l a n a t i o n , a n d prefe r t o ta lk o f c y l i n d e r s a n d s p a r k i n g p lugs . T h i s 

lesson a p p l i e s no t j u s t t o the t w o leve l s o f a t o m s a n d c y l i n d e r heads . T h e r e i s 

a h i e r a r c h y , r a n g i n g f rom f u n d a m e n t a l pa r t i c l e s b e l o w the a t o m i c l eve l up 



O r g a n i s m s , Groups and M e m e s : Repl icators or Vehic l e s? 113 

t h r o u g h m o l e c u l e s a n d c rys ta l s t o the m a c r o s c o p i c c h u n k s w h i c h o u r 

u n a i d e d sense o r g a n s a re bu i l t t o a p p r e c i a t e . 

L i v i n g m a t t e r i n t r o d u c e s a w h o l e n e w set o f r ungs t o the l a d d e r o f 

c o m p l e x i t y : m a c r o m o l e c u l e s f o l d i n g t h e m s e l v e s i n to the i r t e r t i a r y forms , 

i n t r ace l l u l a r m e m b r a n e s a n d o r g a n e l l e s , ce l l s , t issues, o r g a n s , o r g a n i s m s , 

p o p u l a t i o n s , c o m m u n i t i e s a n d ecosys t ems . A s i m i l a r h i e r a r c h y o f uni t s 

e m b e d d e d i n l a r g e r uni ts e p i t o m i z e s the c o m p l e x a r t i f ic ia l p r o d u c t s o f l i v i n g 

t h i n g s — s e m i c o n d u c t o r c rys ta l s , t ransis tors , i n t e g r a t e d c i r cu i t s , c o m p u t e r s 

a n d e m b e d d e d uni ts tha t c a n o n l y b e u n d e r s t o o d i n t e rms o f ' s o f t w a r e ' . A t 

e v e r y l e v e l t he uni ts i n t e r a c t w i t h e a c h o t h e r f o l l o w i n g l a w s a p p r o p r i a t e 

t o tha t l eve l , l a w s w h i c h a re no t c o n v e n i e n t l y r e d u c i b l e t o l a w s a t l o w e r 

levels . 

T h i s has a l l b e e n said m a n y t imes before , a n d i s so o b v i o u s as to be a l m o s t 

p l a t i t ud inous . B u t o n e s o m e t i m e s has t o r e p e a t p l a t i t u d e s i n o r d e r t o p r o v e 

tha t one ' s h e a r t i s in the r i gh t p l a c e ! E s p e c i a l l y i f o n e wi shes to e m p h a s i z e a 

s l ight ly u n c o n v e n t i o n a l sort o f h i e r a r c h y , for this m a y be m i s t a k e n for a 

' r educ t ion i s t ' a t t a c k on the i d e a of h i e r a r c h y itself. R e d u c t i o n i s m i s a d i r t y 

w o r d , a n d a k ind o f ' ho l i s t i e r t h a n t h o u ' se l f - r igh teousness has b e c o m e 

fash ionab le . I e n t h u s i a s t i c a l l y fo l low this fash ion w h e n t a l k i n g a b o u t 

m e c h a n i s m s w i t h i n i n d i v i d u a l bod i e s , a n d h a v e a d v o c a t e d ' n e u r o - e c o n o m i c ' 

a n d ' so f tware ' e x p l a n a t i o n s o f b e h a v i o u r i n p r e f e r e n c e t o c o n v e n t i o n a l 

n e u r o p h y s i o l o g i c a l ones ( D a w k i n s 1 9 7 6 b ) . I w o u l d f a v o u r a n a n a l o g o u s 

a p p r o a c h t o i n d i v i d u a l d e v e l o p m e n t . B u t the re a re t imes w h e n ho l i s t i c 

p r e a c h i n g b e c o m e s an easy subs t i tu te for t h o u g h t , a n d I b e l i e v e the d i s p u t e 

a b o u t uni ts o f se l ec t ion p r o v i d e s e x a m p l e s o f this . 

T h e n e o - W e i s m a n n i s t v i e w o f life w h i c h this b o o k a d v o c a t e s l ays stress o n 

the g e n e t i c r e p l i c a t o r as a f u n d a m e n t a l un i t of e x p l a n a t i o n . I b e l i e v e i t has 

a n a t o m - l i k e role t o p l a y i n func t i ona l , t e l e o n o m i c e x p l a n a t i o n . I f w e w i s h t o 

speak o f a d a p t a t i o n s a s b e i n g 'for the g o o d o f s o m e t h i n g , t ha t s o m e t h i n g i s 

the a c t i v e , g e r m - l i n e r e p l i c a t o r . T h i s i s a s m a l l c h u n k o f D N A , a s ing le ' g e n e ' 

a c c o r d i n g t o s o m e def in i t ions o f the w o r d . B u t I a m o f c o u r s e no t s u g g e s t i n g 

tha t sma l l g e n e t i c uni t s w o r k in i so la t ion f rom e a c h o t h e r , a n y m o r e t h a n a 

chemis t th inks tha t a t o m s d o . L i k e a t o m s , genes a re h i g h l y g r e g a r i o u s . T h e y 

are often s t r ung t o g e t h e r a l o n g c h r o m o s o m e s , c h r o m o s o m e s a r e w r a p p e d u p 

in g r o u p s i n n u c l e a r m e m b r a n e s , e n v e l o p e d in c y t o p l a s m a n d e n c l o s e d in ce l l 

m e m b r a n e s . C e l l s too are n o r m a l l y no t i so la ted , b u t c l o n e d t o f o r m the h u g e 

c o n g l o m e r a t e s w e k n o w a s o r g a n i s m s . W e a r e n o w p l u g g e d i n to the f ami l i a r 

e m b e d d e d h i e r a r c h y , a n d need g o n o fur ther . F u n c t i o n a l l y s p e a k i n g , t oo , 

genes a re g r e g a r i o u s . T h e y h a v e p h e n o t y p i c effects o n bod i e s , b u t t h e y d o no t 

do so in i so la t ion . I stress this o v e r a n d o v e r a g a i n in this b o o k . 

T h e reason I m a y s o u n d r educ t ion i s t i c i s tha t I insist on an a t o m i s t i c v i e w 

of units o f se l ec t ion , in the sense o f the uni ts t ha t a c t u a l l y s u r v i v e o r fail to 
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s u r v i v e , w h i l e b e i n g w h o l e - h e a r t e d l y in te rac t ion i s t w h e n i t c o m e s t o the 

d e v e l o p m e n t o f the p h e n o t y p i c means b y w h i c h t hey s u r v i v e : 

Of cou r se i t i s t rue tha t the p h e n o t y p i c effect of a g e n e is a 

m e a n i n g l e s s c o n c e p t ou t s ide the c o n t e x t o f m a n y , o r e v e n a l l , o f the 

o t h e r g e n e s i n the g e n o m e . Y e t , h o w e v e r c o m p l e x a n d in t r i ca te the 

o r g a n i s m m a y be , h o w e v e r m u c h w e m a y a g r e e tha t the o r g a n i s m i s 

a un i t of function, I still th ink it is m i s l e a d i n g to ca l l it a uni t of 

selection. G e n e s m a y in t e r ac t , e v e n " b l e n d " , in thei r effects on 

e m b r y o n i c d e v e l o p m e n t , a s m u c h a s y o u p lease . B u t they d o no t 

b l e n d w h e n i t c o m e s to b e i n g passed on to future g e n e r a t i o n s . I am 

n o t t r y i n g to be l i t t l e the i m p o r t a n c e o f the i n d i v i d u a l p h e n o t y p e in 

e v o l u t i o n . I am m e r e l y t r y i n g to sort ou t e x a c t l y w h a t its ro le is. I t i s 

the al l i m p o r t a n t i n s t r u m e n t of r e p l i c a t o r p r e s e r v a t i o n : i t is not that 

w h i c h i s p r e s e r v e d [ D a w k i n s 1 9 7 8 a , p . 6 9 ] . 

In this b o o k I am u s i n g the w o r d ' v e h i c l e ' for an i n t e g r a t e d a n d c o h e r e n t 

' i n s t r u m e n t o f r e p l i c a t o r p r e s e r v a t i o n ' . 

A v e h i c l e i s a n y un i t , d i sc re t e e n o u g h to seem w o r t h n a m i n g , w h i c h houses 

a c o l l e c t i o n of r e p l i c a t o r s a n d w h i c h w o r k s as a un i t for the p r e se rva t i on a n d 

p r o p a g a t i o n of those r e p l i c a t o r s . I r e p e a t , a v e h i c l e is no t a r ep l i ca to r . A 

r e p l i c a t o r ' s success i s m e a s u r e d by its c a p a c i t y to s u r v i v e in the form of 

c o p i e s . A v e h i c l e ' s success i s m e a s u r e d by its c a p a c i t y to p r o p a g a t e the 

r ep l i ca to r s t ha t r i de ins ide i t . T h e o b v i o u s a n d a r c h e t y p a l v e h i c l e i s the 

i n d i v i d u a l o r g a n i s m , b u t this m a y no t b e the o n l y l eve l i n the h i e r a r c h y o f 

life a t w h i c h the t i t le i s a p p l i c a b l e . W e c a n e x a m i n e a s c a n d i d a t e veh ic l e s 

c h r o m o s o m e s a n d cel ls b e l o w the o r g a n i s m l e v e l , g r o u p s a n d c o m m u n i t i e s 

a b o v e i t . At a n y l e v e l , i f a v e h i c l e i s d e s t r o y e d , a l l the r ep l i ca to r s inside i t 

w i l l be d e s t r o y e d . N a t u r a l se l ec t ion w i l l therefore , a t least to s o m e ex ten t , 

f a v o u r r e p l i c a t o r s t ha t c a u s e the i r v e h i c l e s to resist b e i n g d e s t r o y e d . In 

p r i n c i p l e this c o u l d a p p l y to g r o u p s o f o r g a n i s m s as w e l l a s to s ingle 

o r g a n i s m s , for i f a g r o u p is d e s t r o y e d al l the g e n e s ins ide i t a re d e s t r o y e d too . 

V e h i c l e survival i s o n l y p a r t o f the s tory , h o w e v e r . R e p l i c a t o r s tha t w o r k 

for the ' r e p r o d u c t i o n ' o f v e h i c l e s a t v a r i o u s leve ls m i g h t t end to do be t te r 

t h a n r i va l r e p l i c a t o r s t ha t w o r k m e r e l y for v e h i c l e s u r v i v a l . R e p r o d u c t i o n a t 

the o r g a n i s m l e v e l i s f a m i l i a r e n o u g h to need no fur ther d iscuss ion. 

R e p r o d u c t i o n a t the g r o u p l e v e l i s m o r e p r o b l e m a t i c . In p r i n c i p l e a g r o u p 

m a y be sa id to h a v e r e p r o d u c e d i f i t sends off a ' p r o p a g u l e ' , say a b a n d of 

y o u n g o r g a n i s m s w h o g o o u t a n d found a n e w g r o u p . T h e i d e a o f a nested 

h i e r a r c h y o f l eve l s a t w h i c h se lec t ion m i g h t t ake p l a c e — v e h i c l e se lec t ion i n 

m y t e rms—is e m p h a s i z e d i n W i l s o n ' s ( 1 9 7 5 ) c h a p t e r o n g r o u p se lec t ion (e .g . 

his f igure 5 - 1 ) . 

I h a v e p r e v i o u s l y g i v e n reasons for s h a r i n g in the g e n e r a l s cep t i c i sm a b o u t 
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' g r o u p s e l ec t i on ' a n d se lec t ion a t o t h e r h i g h l eve l s , a n d n o t h i n g i n the r e c e n t 

l i t e ra ture t emp t s me t o c h a n g e my m i n d . B u t t ha t i s no t t he p o i n t a t issue 

here . T h e po in t he re i s t ha t w e m u s t b e c l e a r a b o u t the d i f fe rence b e t w e e n 

those t w o d is t inc t k inds o f c o n c e p t u a l uni t s , r e p l i c a t o r s a n d v e h i c l e s . I h a v e 

sugges ted tha t the best w a y o f u n d e r s t a n d i n g E l d r e d g e a n d G o u l d ' s t h e o r y o f 

' species s e l e c t i o n ' i s in t e rms of spec ies as replicators. B u t the m a j o r i t y of 

mode l s o r d i n a r i l y c a l l e d ' g r o u p s e l ec t i on ' , i n c l u d i n g a l l those r e v i e w e d b y 

W i l s o n ( 1 9 7 5 ) , a n d mos t o f those r e v i e w e d b y W a d e ( 1 9 7 8 ) , a re i m p l i c i t l y 

t r ea t ing g r o u p s as v e h i c l e s . T h e e n d resul t o f the s e l ec t i on d i scussed i s a 

c h a n g e i n g e n e f r equenc ies , for e x a m p l e an i nc rea se o f ' a l t ru i s t i c g e n e s ' a t 

the e x p e n s e of 'selfish g e n e s ' . I t i s still g e n e s tha t a re r e g a r d e d as the 

rep l ica tors w h i c h a c t u a l l y s u r v i v e (or fail to s u r v i v e ) as a c o n s e q u e n c e of the 

(vehic le ) se lec t ion p rocess . 

As for g r o u p se lec t ion itself, my p r e j u d i c e i s t ha t i t has s o a k e d up m o r e 

theore t i ca l i n g e n u i t y t h a n its b i o l o g i c a l in teres t w a r r a n t s . I am i n f o r m e d by 

the ed i to r o f a l e a d i n g m a t h e m a t i c s j o u r n a l t ha t he i s c o n t i n u a l l y p l a g u e d by 

ingen ious pape r s p u r p o r t i n g t o h a v e s q u a r e d the c i r c l e . S o m e t h i n g a b o u t the 

fact tha t this has b e e n p r o v e d to be i m p o s s i b l e i s seen as an i r res is t ib le 

c h a l l e n g e b y a c e r t a i n t y p e o f i n t e l l e c t u a l d i l e t t a n t e . P e r p e t u a l m o t i o n 

m a c h i n e s h a v e a s imi l a r f a sc ina t ion for s o m e a m a t e u r i n v e n t o r s . T h e case o f 

g r o u p se lec t ion i s h a r d l y a n a l o g o u s : i t has n e v e r b e e n p r o v e d to be 

imposs ib le , a n d n e v e r c o u l d be . N e v e r t h e l e s s , I h o p e I m a y be f o r g i v e n for 

w o n d e r i n g w h e t h e r pa r t o f g r o u p se lec t ion ' s e n d u r i n g r o m a n t i c a p p e a l s tems 

from the a u t h o r i t a t i v e h a m m e r i n g the t h e o r y has r e c e i v e d e v e r s ince W y n n e -

E d w a r d s (1962) d i d u s the v a l u a b l e s e rv i ce o f b r i n g i n g i t o u t i n to the o p e n . 

A n t i - g r o u p se l ec t ion i sm has b e e n e m b r a c e d b y the e s t a b l i s h m e n t a s 

o r t h o d o x , a n d , a s M a y n a r d S m i t h ( 1 9 7 6 a ) notes , ' I t i s i n the n a t u r e o f 

sc ience tha t o n c e a pos i t ion b e c o m e s o r t h o d o x i t s h o u l d be s u b j e c t e d to 

cr i t ic ism . . . ' T h i s is, n o d o u b t , h e a l t h y , b u t M a y n a r d S m i t h d r i l y goes o n : 

' I t does not fo l l ow tha t , b e c a u s e a pos i t ion i s o r t h o d o x , i t i s w r o n g . . . ' M o r e 

gene rous r ecen t t r e a t m e n t s o f g r o u p se lec t ion a re g i v e n b y G i l p i n ( 1 9 7 5 ) , 

E . O . W i l s o n ( 1 9 7 5 ) , W a d e ( 1 9 7 8 ) , B o o r m a n a n d L e v i t t ( 1 9 8 0 ) , a n d D . S . 

W i l s o n (1980 , b u t see c r i t i c i sm by G r a f e n 1980, in press ) . 

I am not g o i n g to go a g a i n in to the d e b a t e o v e r g r o u p se l ec t ion ve r sus 

i n d i v i d u a l s e l ec t ion . T h i s i s b e c a u s e the m a i n p u r p o s e o f this b o o k i s t o d r a w 

a t t en t ion t o the weaknes se s o f the w h o l e v e h i c l e c o n c e p t , w h e t h e r the v e h i c l e 

i s an i n d i v i d u a l o r g a n i s m or a g r o u p . S i n c e e v e n the s t a u n c h e s t g r o u p 

select ionis t w o u l d a g r e e tha t the i n d i v i d u a l o r g a n i s m i s a far m o r e c o h e r e n t 

a n d i m p o r t a n t ' un i t o f s e l ec t i on ' , I sha l l c o n c e n t r a t e my a t t a c k on the 

i n d i v i d u a l o r g a n i s m a s m y r e p r e s e n t a t i v e v e h i c l e , r a t h e r t h a n o n the g r o u p . 

T h e case aga ins t the g r o u p s h o u l d b e s t r e n g t h e n e d b y de f au l t . 

I t m a y s e e m tha t I h a v e i n v e n t e d m y o w n c o n c e p t , the v e h i c l e , a s a n A u n t 

S a l l y to be eas i ly k n o c k e d d o w n . T h i s i s no t so. I s i m p l y use the n a m e v e h i c l e 
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to g i v e exp re s s ion to a c o n c e p t w h i c h i s f u n d a m e n t a l to the p r e d o m i n a n t 

o r t h o d o x a p p r o a c h to n a t u r a l s e l ec t ion . I t i s a d m i t t e d that , in some 

f u n d a m e n t a l sense, n a t u r a l se l ec t ion consists in the dif ferent ia l s u r v i v a l o f 

g e n e s (or l a r g e r g e n e t i c r e p l i c a t o r s ) . B u t genes a re no t n a k e d , t hey w o r k 

t h r o u g h b o d i e s (or g r o u p s , e t c . ) . A l t h o u g h the u l t i m a t e uni t o f se lec t ion m a y 

i n d e e d be the g e n e t i c r e p l i c a t o r , the p r o x i m a l un i t o f se lec t ion i s u sua l ly 

r e g a r d e d a s s o m e t h i n g l a rge r , u sua l l y a n i n d i v i d u a l o r g a n i s m . T h u s M a y r 

(1963) d e v o t e s a w h o l e c h a p t e r to d e m o n s t r a t i n g the func t i ona l c o h e r e n c e o f 

the w h o l e g e n o m e o f an i n d i v i d u a l o r g a n i s m . I sha l l discuss M a y r ' s poin ts i n 

de t a i l i n C h a p t e r 1 3 . F o r d ( 1 9 7 5 , p . 185) d i sda in fu l ly wr i t e s off the ' e r ror ' 

t ha t ' t he un i t o f s e l ec t ion i s the g e n e , w h e r e a s i t i s the i n d i v i d u a l ' . G o u l d 

( 1 9 7 7 b ) s a y s : 

S e l e c t i o n s i m p l y c a n n o t see g e n e s a n d p i ck a m o n g t h e m d i r ec t ly . I t 

m u s t use b o d i e s as an i n t e r m e d i a r y . A g e n e i s a b i t o f D N A h i d d e n 

w i t h i n a ce l l . S e l e c t i o n v i e w s bod ies . I t favors s o m e bod ies b e c a u s e 

t h e y a re s t ronge r , be t t e r i n su la t ed , ea r l i e r i n the i r s e x u a l m a t u r a t i o n , 

fiercer in c o m b a t , or m o r e beau t i fu l to b e h o l d . . . If, in f a v o r i n g a 

s t r onge r b o d y , s e l ec t ion a c t e d d i r e c t l y u p o n a g e n e for s t reng th , then 

D a w k i n s m i g h t b e v i n d i c a t e d . I f bod ies w e r e u n a m b i g u o u s m a p s o f 

the i r g e n e s , t h e n b a t t l i n g bits o f D N A w o u l d d i s p l a y thei r colors 

e x t e r n a l l y a n d se l ec t ion m i g h t a c t u p o n t h e m d i r e c t l y . B u t bod ies are 

n o s u c h t h i n g . . . B o d i e s c a n n o t b e a t o m i z e d in to par ts , e a c h 

c o n s t r u c t e d b y a n i n d i v i d u a l g e n e . H u n d r e d s o f g e n e s c o n t r i b u t e t o 

the b u i l d i n g o f mos t b o d y par t s a n d the i r a c t i o n i s c h a n n e l e d t h r o u g h 

a k a l e i d o s c o p i c series o f e n v i r o n m e n t a l i n f l uences : e m b r y o n i c a n d 

p o s t n a t a l , i n t e r n a l a n d e x t e r n a l . 

N o w i f this w e r e r e a l l y a g o o d a r g u m e n t , i t w o u l d be an a r g u m e n t aga ins t 

the w h o l e o f M e n d e l i a n g e n e t i c s , j u s t a s m u c h a s aga ins t the i d e a o f the g e n e 

a s t he un i t o f s e l ec t i on . T h e L a m a r c k i a n fana t ic H . G . C a n n o n , i ndeed , 

e x p l i c i t l y uses i t as s u c h : 'A l i v i n g b o d y i s no t s o m e t h i n g i so la t ed , ne i ther i s i t 

a c o l l e c t i o n of par t s as D a r w i n e n v i s a g e d it, l ike , as I h a v e said before , so 

m a n y m a r b l e s i n a b o x . T h a t i s the t r a g e d y o f m o d e r n g e n e t i c s . T h e devo tees 

o f the n e o - M e n d e l i a n h y p o t h e s i s r e g a r d the o r g a n i s m a s so m a n y cha rac t e r s 

c o n t r o l l e d b y s o m a n y g e n e s . S a y w h a t they l ike a b o u t p o l y g e n e s — t h a t i s the 

essence o f the i r fan tas t ic h y p o t h e s i s ' ( C a n n o n 1 9 5 9 , p . 1 3 1 ) . 

M o s t p e o p l e w o u l d a g r e e tha t this i s no t a g o o d a r g u m e n t aga ins t 

M e n d e l i a n g e n e t i c s , a n d no m o r e i s i t a g o o d a r g u m e n t aga ins t t r ea t ing the 

g e n e a s the un i t o f s e l ec t i on . T h e m i s t a k e w h i c h b o t h G o u l d a n d C a n n o n 

m a k e i s tha t t h e y fail to d i s t ingu i sh gene t i c s f rom e m b r y o l o g y . M e n d e l i s m i s 

a t h e o r y o f p a r t i c u l a t e i n h e r i t a n c e , not p a r t i c u l a t e e m b r y o l o g y . T h e 

a r g u m e n t o f C a n n o n a n d G o u l d i s a v a l i d a r g u m e n t aga ins t p a r t i c u l a t e 
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e m b r y o l o g y a n d i n f a v o u r o f b l e n d i n g e m b r y o l o g y . I m y s e l f g i v e s imi l a r 

a r g u m e n t s e l s e w h e r e i n this b o o k (e .g . the c a k e a n a l o g y in t he sec t ion o f 

C h a p t e r 9 c a l l e d ' T h e p o v e r t y o f p r e f o r m a t i o n i s m ' ) . G e n e s d o i n d e e d b l e n d , 

as far as the i r effects on d e v e l o p i n g p h e n o t y p e s a re c o n c e r n e d . B u t , as I h a v e 

a l r e a d y e m p h a s i z e d suff ic ient ly , t hey do not b l e n d as t h e y r e p l i c a t e a n d 

r e c o m b i n e d o w n the g e n e r a t i o n s . I t i s this tha t m a t t e r s for the gene t i c i s t , a n d 

i t i s also this tha t ma t t e r s for the s tuden t of uni ts of s e l e c t i o n . 

G o u l d goes o n : 

S o par ts a re no t t r ans la ted g e n e s , a n d se l ec t ion d o e s n ' t e v e n w o r k 

d i r e c t l y on par t s . I t a c c e p t s o r rejects en t i re o r g a n i s m s b e c a u s e suites 

o f par ts , i n t e r a c t i n g i n c o m p l e x w a y s , confe r a d v a n t a g e s . T h e i m a g e 

o f i n d i v i d u a l g e n e s , p l o t t i n g the cour se o f the i r o w n s u r v i v a l , bea r s 

l i t t le r e l a t ionsh ip to d e v e l o p m e n t a l g e n e t i c s a s we u n d e r s t a n d i t . 

D a w k i n s w i l l n e e d a n o t h e r m e t a p h o r : g e n e s c a u c u s i n g , f o r m i n g 

a l l i ances , s h o w i n g d e f e r e n c e for a c h a n c e to j o i n a p a c t , g a u g i n g 

p r o b a b l e e n v i r o n m e n t s . B u t w h e n y o u a m a l g a m a t e s o m a n y g e n e s 

a n d tie t h e m t o g e t h e r i n h i e r a r c h i c a l c h a i n s o f a c t i o n m e d i a t e d b y 

e n v i r o n m e n t s , we ca l l the resu l t an t o b j e c t a b o d y . 

G o u l d c o m e s c loser to the t ru th he re , b u t the t ru th i s sub t l e r , as I h o p e to 

show i n C h a p t e r 1 3 . T h e p o i n t w a s a l l u d e d t o i n the p r e v i o u s c h a p t e r . 

Brief ly , the sense i n w h i c h genes m a y be said t o ' c a u c u s ' a n d fo rm ' a l l i a n c e s ' 

is the fo l l owing . S e l e c t i o n favours those g e n e s w h i c h s u c c e e d in the presence of 

other genes, which in turn succeed in the presence of them. T h e r e f o r e m u t u a l l y 

c o m p a t i b l e sets o f genes ar ise in g e n e - p o o l s . T h i s i s m o r e sub t l e a n d m o r e 

useful than to say tha t ' w e ca l l the r e su l t an t o b j e c t a b o d y ' . 

Of course genes a re no t d i r e c t l y v i s ib le to s e l ec t i on . Obviously t h e y a r e 

se lec ted b y v i r t u e o f the i r p h e n o t y p i c effects, a n d c e r t a i n l y t h e y c a n o n l y b e 

said to have p h e n o t y p i c effects in c o n c e r t w i t h h u n d r e d s of o t h e r genes . B u t i t 

i s the thesis o f this b o o k tha t we shou ld no t be t r a p p e d in to a s s u m i n g t h a t 

those p h e n o t y p i c effects a re best r e g a r d e d a s b e i n g n e a t l y w r a p p e d up in 

d iscre te bod ies (or o t h e r d i sc re te v e h i c l e s ) . T h e d o c t r i n e o f the e x t e n d e d 

p h e n o t y p e is tha t the p h e n o t y p i c effect of a g e n e (gene t i c r e p l i c a t o r ) is best 

seen a s an effect u p o n the w o r l d a t l a r g e , a n d o n l y i n c i d e n t a l l y u p o n the 

i n d i v i d u a l o r g a n i s m — o r a n y o t h e r v e h i c l e — i n w h i c h i t h a p p e n s t o sit. 
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T h i s i s a c h a p t e r a b o u t p r a c t i c a l r e sea rch m e t h o d o l o g y . T h e r e wi l l be 

those w h o a c c e p t the thesis o f this b o o k a t a t h e o r e t i c a l l eve l b u t w h o wi l l 

o b j e c t tha t , in p r a c t i c e , f ie ld w o r k e r s f ind i t useful to focus thei r a t t en t ion on 

individual a d v a n t a g e . In a t h e o r e t i c a l sense, t h e y w i l l say , i t is r igh t to see the 

n a t u r a l w o r l d as a b a t t l e g r o u n d of r ep l i ca to r s , b u t in rea l r e sea rch we are 

o b l i g e d t o m e a s u r e a n d c o m p a r e the D a r w i n i a n f i t n e s s o f i n d i v i d u a l 

o r g a n i s m s . I w a n t to d iscuss a p a r t i c u l a r p i e c e of r e sea rch in de t a i l to show 

tha t this i s no t necessa r i ly the case . I n s t ead o f c o m p a r i n g the success o f 

i n d i v i d u a l o r g a n i s m s , i t i s often in p r a c t i c e m o r e useful to c o m p a r e the 

success o f ' s t r a t eg i e s ' ( M a y n a r d S m i t h 1974) o r ' p r o g r a m s ' o r ' sub rou t ines ' , 

a v e r a g e d across t he i n d i v i d u a l s t ha t use t h e m . O f the m a n y p ieces o f 

r e s e a r c h tha t I c o u l d h a v e d i scussed , for i n s t ance the w o r k on ' o p t i m a l 

f o r a g i n g ' ( P y k e , P u l l i a m & C h a r n o v 1 9 7 7 ; K r e b s 1 9 7 8 ) , Pa rke r ' s (1978a) 

dungf l i e s , o r a n y o f the e x a m p l e s r e v i e w e d by D a v i e s (in press) , I choose 

B r o c k m a n n ' s s t u d y o f d i g g e r w a s p s p u r e l y b e c a u s e I am v e r y fami l i a r w i t h i t 

( B r o c k m a n n , G r a f e n & D a w k i n s 1 9 7 9 ; B r o c k m a n n & D a w k i n s 1 9 7 9 ; 

D a w k i n s & B r o c k m a n n 1980) . 

I sha l l use the w o r d ' p r o g r a m ' in e x a c t l y the s a m e sense as M a y n a r d 

S m i t h uses ' s t r a t e g y ' . I prefer ' p r o g r a m ' to ' s t r a t egy ' b e c a u s e e x p e r i e n c e 

w a r n s tha t ' s t r a t e g y ' i s q u i t e l i ke ly to be m i s u n d e r s t o o d , in a t least t w o 

different w a y s ( D a w k i n s 1980) . A n d i n c i d e n t a l l y , f o l l o w i n g the Oxford 

English Dictionary a n d s t a n d a r d A m e r i c a n u s a g e , I prefer ' p r o g r a m ' to 

' p r o g r a m m e ' w h i c h a p p e a r s to be a n i n e t e e n t h - c e n t u r y af fec ta t ion i m p o r t e d 

f rom the F r e n c h . A p r o g r a m (or s t r a t egy) is a r e c i p e for a c t i o n , a set of 

n o t i o n a l i n s t ruc t ions t ha t an a n i m a l seems to be ' o b e y i n g ' , j u s t as a c o m p u t e r 

o b e y s its p r o g r a m . A c o m p u t e r p r o g r a m m e r wr i t e s o u t his p r o g r a m in a 

l a n g u a g e s u c h a s A l g o l o r F o r t r a n , w h i c h m a y look r a the r l ike i m p e r a t i v e 

E n g l i s h . T h e m a c h i n e r y of the c o m p u t e r i s so set up tha t i t b e h a v e s as i f 

1 1 8 



Selfish Wasp or Selfish Strategy? 119 

o b e y i n g these q u a s i - E n g l i s h ins t ruc t ions . Befo re i t c a n run , the p r o g r a m i s 

t rans la ted (by c o m p u t e r ) in to a set o f m o r e e l e m e n t a r y ' m a c h i n e l a n g u a g e ' 

ins t ruct ions , c loser t o the h a r d w a r e a n d fur ther f rom ea sy h u m a n c o m p r e h e n 

sion. In a sense i t is these m a c h i n e l a n g u a g e ins t ruc t ions t ha t a re ' a c t u a l l y ' 

o b e y e d r a the r t han the q u a s i - E n g l i s h p r o g r a m , a l t h o u g h i n a n o t h e r sense 

bo th are o b e y e d , a n d in y e t a n o t h e r sense n e i t h e r i s ! 

A person w a t c h i n g a n d a n a l y s i n g the b e h a v i o u r o f a c o m p u t e r w h o s e 

p r o g r a m h a d b e e n lost m i g h t , i n p r i n c i p l e , be a b l e to r e c o n s t r u c t the 

p r o g r a m o r its func t iona l e q u i v a l e n t . T h e last four w o r d s are c r u c i a l . F o r his 

o w n c o n v e n i e n c e h e w i l l w r i t e the r e c o n s t r u c t e d p r o g r a m i n s o m e p a r t i c u l a r 

l a n g u a g e — A l g o l , F o r t r a n , a f low cha r t , s o m e p a r t i c u l a r r i g o r o u s subset o f 

Eng l i sh . B u t there i s n o w a y o f k n o w i n g i n w h i c h , i f a n y , o f these l a n g u a g e s 

the p r o g r a m w a s o r i g i n a l l y w r i t t e n . I t m a y h a v e b e e n d i r e c t l y w r i t t e n i n 

m a c h i n e l a n g u a g e , o r ' h a r d - w i r e d ' in to the m a c h i n e r y o f the c o m p u t e r a t 

m a n u f a c t u r e . T h e end resul t i s the s a m e in a n y c a s e : the c o m p u t e r pe r fo rms 

some useful task such as c a l c u l a t i n g s q u a r e roots , a n d a h u m a n c a n useful ly 

t reat the c o m p u t e r as i f i t w a s ' o b e y i n g ' a set of i m p e r a t i v e in s t ruc t ions 

wr i t t en out in a l a n g u a g e tha t is c o n v e n i e n t for h u m a n s to u n d e r s t a n d . I 

th ink tha t for m a n y pu rposes such ' so f tware e x p l a n a t i o n s ' o f b e h a v i o u r 

m e c h a n i s m s are jus t a s v a l i d a n d useful a s the m o r e o b v i o u s ' h a r d w a r e 

e x p l a n a t i o n s ' f a v o u r e d b y n e u r o p h y s i o l o g i s t s . 

A b io log is t l o o k i n g a t an a n i m a l i s in s o m e w h a t the s a m e pos i t ion as an 

eng inee r l o o k i n g a t a c o m p u t e r r u n n i n g a lost p r o g r a m . T h e a n i m a l i s 

b e h a v i n g in w h a t a p p e a r s t o be an o r g a n i z e d , pu rpose fu l w a y , a s i f i t w a s 

o b e y i n g a p r o g r a m , a n o r d e r l y s e q u e n c e o f i m p e r a t i v e ins t ruc t ions . T h e 

a n i m a l ' s p r o g r a m has no t a c t u a l l y b e e n lost, for i t n e v e r w a s w r i t t e n ou t . 

R a t h e r , n a t u r a l se l ec t ion c o b b l e d t o g e t h e r the e q u i v a l e n t o f a h a r d - w i r e d 

m a c h i n e c o d e p r o g r a m , b y f a v o u r i n g m u t a t i o n s t ha t a l t e r e d success ive 

gene ra t i ons o f n e r v o u s sys tems to b e h a v e (and to l e a r n to c h a n g e the i r 

b e h a v i o u r ) i n a p p r o p r i a t e w a y s . A p p r o p r i a t e m e a n s , i n this case , a p p r o p r i a t e 

for the s u r v i v a l a n d p r o p a g a t i o n o f the g e n e s c o n c e r n e d . N e v e r t h e l e s s , 

a l t h o u g h no p r o g r a m w a s e v e r w r i t t e n d o w n , j u s t a s i n the case o f the 

c o m p u t e r r u n n i n g a p r o g r a m w h i c h has been lost , i t i s c o n v e n i e n t for us to 

th ink of the a n i m a l as ' o b e y i n g ' a p r o g r a m ' w r i t t e n ' in s o m e eas i ly 

unders tood l a n g u a g e such a s E n g l i s h . O n e o f the th ings w e c a n then d o i s t o 

i m a g i n e a l t e r n a t i v e p r o g r a m s o r sub rou t ines w h i c h m i g h t ' c o m p e t e ' w i t h 

each o the r for ' c o m p u t e r t i m e ' i n the n e r v o u s sys tems o f the p o p u l a t i o n . 

T h o u g h we mus t t reat the a n a l o g y w i t h c i r c u m s p e c t i o n , a s I sha l l s h o w , we 

can usefully i m a g i n e n a t u r a l se l ec t ion as a c t i n g d i r e c t l y on a p o o l of 

a l t e rna t i ve p r o g r a m s o r sub rou t ines , a n d t rea t i n d i v i d u a l o r g a n i s m s a s 

t e m p o r a r y e x e c u t o r s a n d p r o p a g a t o r s o f these a l t e r n a t i v e p r o g r a m s . 

I n a p a r t i c u l a r m o d e l o f a n i m a l f igh t ing , for e x a m p l e , M a y n a r d S m i t h 

( 1 9 7 2 , p . 19) p o s t u l a t e d five a l t e r n a t i v e ' s t r a t eg ies ' ( p r o g r a m s ) : 
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1 F i g h t c o n v e n t i o n a l l y ; r e t rea t i f o p p o n e n t p r o v e s to be s t ronger or i f 

o p p o n e n t e sca l a t e s . 

2 F i g h t a t e s c a l a t e d l e v e l . R e t r e a t o n l y i f in ju red . 

3 S t a r t c o n v e n t i o n a l l y . E s c a l a t e o n l y i f o p p o n e n t esca la tes . 

4 S t a r t c o n v e n t i o n a l l y . E s c a l a t e o n l y i f o p p o n e n t c o n t i n u e s to f igh t 

c o n v e n t i o n a l l y . 

5 F i g h t a t e s c a l a t e d l e v e l . R e t r e a t before g e t t i n g hur t i f o p p o n e n t does 

l i k e w i s e . 

F o r the p u r p o s e o f c o m p u t e r s i m u l a t i o n i t w a s necessa ry to def ine these 

f i ve ' s t r a t eg i e s ' m o r e r i g o r o u s l y , b u t for h u m a n u n d e r s t a n d i n g the s imple 

i m p e r a t i v e E n g l i s h n o t a t i o n i s p r e f e r ab l e . T h e i m p o r t a n t po in t for this 

c h a p t e r i s tha t the f ive s t ra teg ies w e r e t h o u g h t o f as i f they ( ra ther than 

i n d i v i d u a l a n i m a l s ) w e r e c o m p e t i n g ent i t ies i n the i r o w n r igh t . R u l e s w e r e 

set up in the c o m p u t e r s i m u l a t i o n for the ' r e p r o d u c t i o n ' o f successful 

s t ra teg ies ( p r e s u m a b l y i n d i v i d u a l s a d o p t i n g successful s t ra teg ies r e p r o d u c e d 

a n d passed on g e n e t i c t e n d e n c i e s to a d o p t those s a m e s t ra teg ies , bu t the 

de ta i l s o f this w e r e i g n o r e d ) . T h e ques t i on asked w a s a b o u t s t r a t egy success , 

not i n d i v i d u a l success . 

A fur ther i m p o r t a n t p o i n t i s tha t M a y n a r d S m i t h w a s s eek ing the 'bes t ' 

s t r a t egy in o n l y a spec i a l sense. In fact he w a s s e e k i n g an ' e v o l u t i o n a r i l y 

s t ab l e s t r a t e g y ' o r E S S . T h e E S S has b e e n r igo rous ly def ined ( M a y n a r d 

S m i t h 1 9 7 4 ) , b u t i t c a n be c r u d e l y e n c a p s u l a t e d as a s t r a t egy that i s 

successful w h e n c o m p e t i n g w i t h cop ie s o f itself. T h i s m a y seem a n o d d 

p r o p e r t y to s ing le ou t , b u t the r a t i o n a l e i s r e a l l y v e r y p o w e r f u l . I f a p r o g r a m 

or s t r a t e g y i s successful , this m e a n s that cop ie s of i t w i l l tend to b e c o m e m o r e 

n u m e r o u s i n the p o p u l a t i o n o f p r o g r a m s a n d w i l l u l t i m a t e l y b e c o m e a lmos t 

u n i v e r s a l . I t w i l l t he re fo re c o m e to be s u r r o u n d e d by cop ie s o f itself. I f i t i s to 

r e m a i n u n i v e r s a l , the re fore , i t mus t be successful w h e n c o m p e t i n g aga ins t 

c o p i e s o f itself, successful c o m p a r e d w i t h ra re different s t ra teg ies that m i g h t 

ar ise by m u t a t i o n o r i n v a s i o n . A p r o g r a m that w a s no t e v o l u t i o n a r i l y s table 

in this sense w o u l d no t last l o n g in the w o r l d , a n d w o u l d therefore not 

p resen t i t se l f for o u r e x p l a n a t i o n . 

I n the case o f the f i v e s t ra teg ies l is ted a b o v e , M a y n a r d S m i t h w a n t e d t o 

k n o w w h a t w o u l d h a p p e n i n a p o p u l a t i o n c o n t a i n i n g cop ie s o f all f i v e 

p r o g r a m s . W a s the re o n e o f the f i v e w h i c h , i f i t c a m e t o p r e d o m i n a t e , w o u l d 

re ta in its n u m e r i c a l s u p e r i o r i t y a g a i n s t a l l c o m e r s ? H e c o n c l u d e d tha t 

p r o g r a m n u m b e r 3 i s an E S S : w h e n i t h a p p e n s to be v e r y n u m e r o u s in the 

p o p u l a t i o n no o t h e r p r o g r a m f rom the list does be t t e r t han p r o g r a m 3 i tself 

( a c t u a l l y t he re i s a p r o b l e m o v e r this p a r t i c u l a r e x a m p l e — D a w k i n s 1980, p . 

7 — b u t I shal l i g n o r e i t h e r e ) . W h e n we ta lk of a p r o g r a m as ' d o i n g be t t e r ' o r 

a s b e i n g ' success fu l ' we a re n o t i o n a l l y m e a s u r i n g success a s c a p a c i t y to 

p r o p a g a t e c o p i e s o f the s a m e p r o g r a m in the n e x t g e n e r a t i o n : i n rea l i ty this 
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i s l ike ly to m e a n tha t a successful p r o g r a m is o n e w h i c h p r o m o t e s the s u r v i v a l 

and r e p r o d u c t i o n o f the a n i m a l a d o p t i n g it. 

W h a t M a y n a r d S m i t h , t o g e t h e r w i t h P r i c e a n d P a r k e r ( M a y n a r d S m i t h & 

Pr i ce 1 9 7 3 ; M a y n a r d S m i t h & P a r k e r 1 9 7 6 ) , has d o n e i s t o t a k e t he 

m a t h e m a t i c a l t heory o f g a m e s a n d w o r k o u t the c r u c i a l r e s p e c t i n w h i c h tha t 

theory mus t b e mod i f i ed t o suit the D a r w i n i s t ' s p u r p o s e . T h e c o n c e p t o f the 

E S S , a s t ra tegy tha t does r e l a t i v e l y w e l l a g a i n s t c o p i e s of itself, is the resul t . I 

h a v e a l r e a d y m a d e t w o a t t e m p t s a t a d v o c a t i n g the i m p o r t a n c e o f the E S S 

c o n c e p t a n d e x p l a i n i n g its b r o a d a p p l i c a b i l i t y i n e t h o l o g y ( D a w k i n s 1 9 7 6 a , 

1980), a n d I shal l not r epea t m y s e l f u n n e c e s s a r i l y he re . H e r e my p u r p o s e i s 

t o d e v e l o p the r e l e v a n c e o f this w a y o f t h i n k i n g for the sub jec t o f the p resen t 

book , the d e b a t e a b o u t the l e v e l a t w h i c h n a t u r a l s e l ec t ion ac t s . I sha l l b e g i n 

by r e c o u n t i n g a specif ic p i e c e o f r e sea rch tha t used the E S S c o n c e p t . A l l the 

facts I shal l g i v e are f rom the field o b s e r v a t i o n s o f Dr J a n e B r o c k m a n n , 

r epor t ed in de t a i l e l s e w h e r e a n d br ief ly m e n t i o n e d in C h a p t e r 3 . I sha l l h a v e 

to g i v e a b r i e f a c c o u n t of the r e sea rch i tse l f be fore I c a n re l a t e i t to the 

message o f this c h a p t e r . 

Sphex ichneumcneus is a so l i t a ry w a s p , so l i t a ry in the sense tha t t he re a re no 

socia l g r o u p s a n d no steri le w o r k e r s , a l t h o u g h the f ema le s do t end t o d i g 

thei r nests i n loose a g g r e g a t i o n s . E a c h f e m a l e l ays he r o w n e g g s , a n d a l l 

l a b o u r on b e h a l f o f the y o u n g i s c o m p l e t e d before the e g g i s l a i d — t h e w a s p s 

are no t ' p r o g r e s s i v e p r o v i s i o n e r s ' . T h e f e m a l e l a y s o n e e g g i n a n 

u n d e r g r o u n d nest w h i c h she has p r e v i o u s l y p r o v i s i o n e d w i t h s t u n g a n d 

p a r a l y s e d k a t y d i d s ( l o n g - h o r n e d g r a s s h o p p e r s ) . T h e n she c loses u p tha t nest , 

l e a v i n g the l a r v a to feed on the k a t y d i d s , w h i l e she he r se l f s tarts w o r k on a 

n e w nest . T h e life o f an a d u l t f e m a l e i s l i m i t e d to a b o u t six s u m m e r w e e k s . 

I f one w i s h e d to m e a s u r e it , the success o f a f e m a l e c o u l d be a p p r o x i m a t e d 

a s the n u m b e r o f eggs tha t she successful ly l ays on a d e q u a t e p rov i s ions d u r i n g 

this t ime . 

T h e th ing tha t e s p e c i a l l y in te res ted u s w a s tha t the w a s p s s e e m e d t o h a v e 

t w o a l t e r n a t i v e w a y s o f a c q u i r i n g a nest . E i t h e r a f e m a l e w o u l d d i g he r o w n 

nest i n the g r o u n d , o r she w o u l d a t t e m p t to t a k e o v e r an e x i s t i n g nest w h i c h 

a n o t h e r w a s p h a d d u g . W e c a l l e d these t w o b e h a v i o u r p a t t e r n s digging a n d 

entering, r e spec t i ve ly . N o w , h o w c a n t w o a l t e r n a t i v e w a y s o f a c h i e v i n g the 

same end , in this case t w o a l t e r n a t i v e w a y s of a c q u i r i n g a nest , c o e x i s t in o n e 

p o p u l a t i o n ? S u r e l y o n e o r the o the r o u g h t to be m o r e successful , a n d the less 

successful o n e shou ld be r e m o v e d from the p o p u l a t i o n by n a t u r a l s e l e c t i o n ? 

T h e r e are t w o g e n e r a l reasons w h y this m i g h t no t h a p p e n , w h i c h I w i l l 

express i n the j a r g o n o f E S S t h e o r y : firstly, d i g g i n g a n d e n t e r i n g m i g h t b e 

t w o o u t c o m e s o f o n e ' c o n d i t i o n a l s t r a t e g y ' ; s e c o n d l y , t hey m i g h t b e e q u a l l y 

successful a t s o m e c r i t i c a l f r e q u e n c y m a i n t a i n e d b y f r e q u e n c y - d e p e n d e n t 

s e l e c t i o n — p a r t o f a ' m i x e d E S S ' ( M a y n a r d S m i t h 1 9 7 4 , 1 9 7 9 ) . I f the first 

poss ibi l i ty w e r e co r r ec t , a l l w a s p s w o u l d b e p r o g r a m m e d w i t h the s a m e 
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c o n d i t i o n a l r u l e : ' I f X i s t rue , d i g , o t h e r w i s e e n t e r ' ; for ins tance , ' I f y o u 

h a p p e n to be a s m a l l w a s p , d i g , o t h e r w i s e use y o u r super io r s ize to t ake o v e r 

a n o t h e r w a s p ' s b u r r o w ' . We fai led to f i nd a n y e v i d e n c e for a cond i t i ona l 

p r o g r a m o f this o r a n y o t h e r k i n d . I n s t ead , w e c o n v i n c e d ourse lves that the 

s e c o n d poss ib i l i ty , the ' m i x e d E S S ' , f i t t e d the facts. 

T h e r e a re i n t h e o r y t w o k inds o f m i x e d E S S , o r r a the r t w o e x t r e m e s w i t h a 

c o n t i n u u m b e t w e e n . T h e f i r s t e x t r e m e i s a b a l a n c e d p o l y m o r p h i s m . In this 

case , i f we w a n t to use the in i t ia ls ' E S S ' , the f ina l S shou ld be t h o u g h t o f a s 

s t a n d i n g for state o f the p o p u l a t i o n r a the r t h a n s t r a t egy of the i n d i v i d u a l . I f 

this poss ib i l i ty o b t a i n e d , the re w o u l d be t w o d is t inc t k inds o f w a s p s , d igge r s 

a n d en te re rs , w h o w o u l d tend t o b e e q u a l l y successful . I f they w e r e no t 

e q u a l l y successful , n a t u r a l se lec t ion w o u l d tend to e l i m i n a t e the less 

successful o n e f rom the p o p u l a t i o n . I t i s too m u c h to h o p e tha t , by sheer 

c o i n c i d e n c e , the ne t costs a n d benefi ts o f d i g g i n g w o u l d e x a c t l y b a l a n c e the 

net costs a n d benef i t s o f en t e r i ng . R a t h e r , w e a re i n v o k i n g f r equency -

d e p e n d e n t s e l ec t i on . W e p o s t u l a t e a c r i t i ca l e q u i l i b r i u m p r o p o r t i o n o f 

d i g g e r s , p*, a t w h i c h the t w o k inds o f w a s p s are e q u a l l y successful . T h e n , i f 

the p r o p o r t i o n o f d i g g e r s in the p o p u l a t i o n falls b e l o w the c r i t i ca l f r equency , 

d i g g e r s wi l l be f a v o u r e d by se lec t ion , w h i l e i f i t rises a b o v e the cr i t ica l 

f r e q u e n c y en te re r s w i l l b e f a v o u r e d . I n this w a y the p o p u l a t i o n w o u l d h o v e r 

a r o u n d the e q u i l i b r i u m f r e q u e n c y . 

I t i s easy to th ink o f p l a u s i b l e reasons w h y benefi t m i g h t be f r equency -

d e p e n d e n t i n this w a y . C l e a r l y , s ince n e w b u r r o w s c o m e in to ex i s t ence o n l y 

w h e n d i g g e r s d i g t h e m , the f ewer d i g g e r s the re a re i n the p o p u l a t i o n the 

s t ronge r wi l l be the c o m p e t i t i o n a m o n g enterers for b u r r o w s , a n d the l o w e r 

the benef i t to a t y p i c a l en te re r . C o n v e r s e l y , w h e n d i g g e r s a re v e r y n u m e r o u s , 

a v a i l a b l e b u r r o w s a b o u n d a n d enterers t end to p rosper . B u t , as I sa id , 

f r e q u e n c y - d e p e n d e n t p o l y m o r p h i s m i s o n l y o n e end o f a c o n t i n u u m . We n o w 

tu rn to the o t h e r e n d . 

A t the o t h e r e n d o f t he c o n t i n u u m there i s n o p o l y m o r p h i s m a m o n g 

i n d i v i d u a l s . I n the s t ab le s ta te a l l w a s p s o b e y the s a m e p r o g r a m , bu t that 

p r o g r a m is i t se l f a m i x t u r e . E v e r y w a s p i s o b e y i n g the ins t ruc t ion , ' D i g w i th 

p r o b a b i l i t y p, en t e r w i t h p r o b a b i l i t y I — p'; for i n s t ance , ' D i g on 70 pe r cen t 

of o c c a s i o n s , en t e r on 30 p e r c e n t of o c c a s i o n s ' . I f this i s r e g a r d e d as a 

' p r o g r a m ' , w e c o u l d p e r h a p s refer t o d i g g i n g a n d e n t e r i n g themse lves a s 

' s u b r o u t i n e s ' . E v e r y w a s p i s e q u i p p e d w i t h b o t h sub rou t ines . S h e i s 

p r o g r a m m e d to c h o o s e o n e or the o the r on e a c h o c c a s i o n wi th a 

c h a r a c t e r i s t i c p r o b a b i l i t y , p. 

A l t h o u g h the re i s no p o l y m o r p h i s m o f d i g g e r s a n d enterers here , 

s o m e t h i n g m a t h e m a t i c a l l y e q u i v a l e n t t o f r e q u e n c y - d e p e n d e n t se lec t ion can 

go on . H e r e i s h o w i t w o u l d w o r k . As before , there i s a c r i t i ca l p o p u l a t i o n 

f r e q u e n c y o f d i g g i n g , p*, a t w h i c h e n t e r i n g w o u l d y ie ld e x a c t l y the s a m e 

' pay -o f f ' as d i g g i n g . p* is, t hen , the e v o l u t i o n a r i l y s t ab le d i g g i n g p r o b a b i l i t y . 
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I f the s tab le p r o b a b i l i t y is 0.7, p r o g r a m s i n s t r u c t i n g w a s p s to fo l l ow a 

different rule , say ' D i g w i t h p r o b a b i l i t y 0 . 7 5 ' , o r ' D i g w i t h p r o b a b i l i t y 0 .65 ' , 

w o u l d do less w e l l . T h e r e i s a w h o l e f ami ly o f ' m i x e d s t r a t eg i e s ' o f the fo rm 

' D i g w i t h p r o b a b i l i t y p , en te r w i t h p r o b a b i l i t y 1 —p' , a n d o n l y o n e of these is 

the E S S . 

I said tha t the t w o e x t r e m e s w e r e j o i n e d by a c o n t i n u u m . I m e a n t t ha t the 

s table p o p u l a t i o n f r e q u e n c y o f d i g g i n g , p* (70 p e r c e n t o r w h a t e v e r i t i s ) , 

c o u l d b e a c h i e v e d b y a n y o f a l a rge n u m b e r o f c o m b i n a t i o n s o f p u r e a n d 

m i x e d i n d i v i d u a l s t ra teg ies . T h e r e m i g h t be a w i d e d i s t r i b u t i o n o f p v a l u e s in 

i n d i v i d u a l n e r v o u s sys tems i n the p o p u l a t i o n , i n c l u d i n g s o m e p u r e d i g g e r s 

a n d p u r e en te re rs . B u t , p r o v i d e d the to ta l f r e q u e n c y o f d i g g i n g i n the 

p o p u l a t i o n i s e q u a l to the c r i t i ca l v a l u e p*, i t w o u l d still be t rue tha t d i g g i n g 

and e n t e r i n g w e r e e q u a l l y successful , a n d n a t u r a l s e l ec t ion w o u l d no t a c t t o 

c h a n g e the r e l a t i v e f r e q u e n c y o f the t w o s u b r o u t i n e s i n the n e x t g e n e r a t i o n . 

T h e p o p u l a t i o n w o u l d b e i n a n e v o l u t i o n a r i l y s t ab l e s ta te . T h e a n a l o g y w i t h 

Fisher ' s (1930a) t heo ry o f sex ra t io e q u i l i b r i u m w i l l be c l e a r . 

P r o c e e d i n g from the c o n c e i v a b l e t o the a c t u a l , B r o c k m a n n ' s d a t a s h o w 

c o n c l u s i v e l y tha t these w a s p s a re no t i n a n y s i m p l e sense p o l y m o r p h i c . 

I n d i v i d u a l s s o m e t i m e s d u g a n d s o m e t i m e s en t e r ed . W e c o u l d no t e v e n d e t e c t 

a n y s ta t is t ical t e n d e n c y for i n d i v i d u a l s to s p e c i a l i z e in d i g g i n g o r e n t e r i n g . 

E v i d e n t l y , i f the w a s p p o p u l a t i o n is in a m i x e d e v o l u t i o n a r i l y s t ab l e s ta te , i t 

lies a w a y from the p o l y m o r p h i s m end o f the c o n t i n u u m . W h e t h e r i t i s a t the 

o the r e x t r e m e — a l l i n d i v i d u a l s r u n n i n g the s a m e s tochas t i c p r o g r a m — o r 

w h e t h e r there i s s o m e m o r e c o m p l e x m i x t u r e o f p u r e a n d m i x e d i n d i v i d u a l 

p r o g r a m s , we do no t k n o w . I t i s o n e o f the c e n t r a l messages o f this c h a p t e r 

that , for o u r r e sea rch p u r p o s e , we d i d not need t o k n o w . B e c a u s e we re f ra ined 

from t a l k i n g a b o u t i n d i v i d u a l success , b u t t h o u g h t in s t ead a b o u t s u b r o u t i n e 

success a v e r a g e d o v e r a l l i n d i v i d u a l s , we w e r e a b l e to d e v e l o p a n d test a 

successful m o d e l o f the m i x e d E S S w h i c h left o p e n the q u e s t i o n o f w h e r e 

a l o n g the c o n t i n u u m o u r w a s p s l ay . I shal l r e t u rn to this p o i n t af ter g i v i n g 

some pe r t inen t facts a n d after o u t l i n i n g the m o d e l itself. 

W h e n a w a s p d igs a b u r r o w , she m a y e i ther s tay w i t h i t a n d p r o v i s i o n it, 

o r she m a y a b a n d o n it. R e a s o n s for a b a n d o n i n g nests w e r e no t a l w a y s 

o b v i o u s , bu t they i n c l u d e d i n v a s i o n by ants a n d o t h e r u n d e s i r a b l e a l iens . A 

w a s p w h o m o v e s in to a b u r r o w tha t a n o t h e r has d u g m a y find tha t the 

o r ig ina l o w n e r is still in r e s idence . In this case she is sa id to have joined the 

p rev ious o w n e r , a n d the t w o w a s p s u sua l l y w o r k on the s a m e nest for a w h i l e , 

bo th i n d e p e n d e n t l y b r i n g i n g k a t y d i d s t o it. A l t e r n a t i v e l y , the e n t e r i n g w a s p 

m a y be fo r tuna te e n o u g h to hit u p o n a nest tha t has b e e n a b a n d o n e d by its 

o r ig ina l o w n e r , in w h i c h case she has i t t o herself . T h e e v i d e n c e i n d i c a t e s 

tha t e n t e r i n g w a s p s c a n n o t d i s t ingu i sh a nest t ha t has b e e n a b a n d o n e d f rom 

one that i s still o c c u p i e d by its p r e v i o u s o w n e r . T h i s fac t i s no t so su rp r i s ing 

as i t m a y seem, s ince b o t h w a s p s spend mos t o f the i r t ime ou t h u n t i n g , so t w o 
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w a s p s ' s h a r i n g ' the s a m e nest s e l d o m m e e t . W h e n they d o m e e t they f i g h t , 

a n d i n a n y case o n l y o n e o f t h e m succeeds i n l a y i n g an e g g i n the nest u n d e r 

d i s p u t e . 

W h a t e v e r h a d p r e c i p i t a t e d the a b a n d o n i n g o f a nest by the o r ig ina l o w n e r 

s e e m e d u s u a l l y to be a t e m p o r a r y i n c o n v e n i e n c e , a n d an a b a n d o n e d nest 

cons t i t u t ed a d e s i r a b l e r e sou rce w h i c h w a s soon used by a n o t h e r w a s p . A 

w a s p w h o enters a n a b a n d o n e d b u r r o w saves he rse l f the costs assoc ia ted w i th 

d i g g i n g o n e . On the o t h e r h a n d , she runs the risk tha t the b u r r o w she enters 

has no t b e e n a b a n d o n e d . I t m a y still c o n t a i n the o r i g i n a l o w n e r , o r i t m a y 

c o n t a i n a n o t h e r e n t e r i n g w a s p w h o g o t the re f i r s t . I n e i ther o f these cases the 

e n t e r i n g w a s p lets he r se l f in for a h i g h risk of a cos t ly fight, a n d a h i g h risk 

tha t she w i l l no t be the o n e to l a y the e g g a t the end of a cos t ly pe r iod of 

p r o v i s i o n i n g the nest . 

We d e v e l o p e d a n d tested a m a t h e m a t i c a l m o d e l ( B r o c k m a n n , G r a f e n & 

D a w k i n s 1979) w h i c h d i s t i n g u i s h e d four different ' o u t c o m e s ' o r fates tha t 

c o u l d befa l l a w a s p in a n y p a r t i c u l a r ne s t i ng ep i sode . 

1 S h e c o u l d be fo rced to a b a n d o n the nest , say by an an t ra id . 

2 S h e c o u l d e n d up a l o n e , in sole c h a r g e o f the nest . 

3 S h e c o u l d be j o i n e d by a s econd w a s p . 

4 S h e c o u l d j o i n a n a l r e a d y i n c u m b e n t w a s p . 

O u t c o m e s 1 to 3 c o u l d resul t f rom an in i t ia l dec i s ion to d i g a b u r r o w . 

O u t c o m e s 2 to 4 c o u l d resul t f rom an in i t i a l dec i s ion to enter . B r o c k m a n n ' s 

d a t a e n a b l e d us t o m e a s u r e , i n t e rms o f p r o b a b i l i t y o f l a y i n g an e g g per uni t 

t ime , the r e l a t i v e ' payo f f s ' a s soc ia ted w i t h e a c h o f these four o u t c o m e s . F o r 

in s t ance , i n o n e s t u d y p o p u l a t i o n i n E x e t e r , N e w H a m p s h i r e , O u t c o m e 4 , 

' j o i n i n g ' , h a d a p a y o f f score o f 0.35 e g g s p e r 100 hours . T h i s score w a s 

o b t a i n e d b y a v e r a g i n g o v e r a l l occa s ions w h e n w a s p s e n d e d u p i n tha t 

o u t c o m e . T o c a l c u l a t e i t w e s i m p l y a d d e d u p the tota l n u m b e r o f eggs laid 

b y w a s p s w h o , o n the o c c a s i o n c o n c e r n e d , h a d j o i n e d a n a l r e a d y i n c u m b e n t 

w a s p , a n d d i v i d e d b y the to ta l t ime spent b y w a s p s o n nests tha t they h a d 

j o i n e d . T h e c o r r e s p o n d i n g score for w a s p s w h o b e g a n a l o n e bu t w e r e 

s u b s e q u e n t l y j o i n e d w a s 1.06 e g g s p e r 100 hours , a n d tha t for w a s p s w h o 

r e m a i n e d a l o n e w a s 1.93 eggs pe r 100 hou r s . 

I f a w a s p c o u l d c o n t r o l w h i c h o f the four o u t c o m e s she e n d e d up in , she 

shou ld ' p re fe r ' t o e n d up a l o n e s ince this o u t c o m e c a r r i e d the h ighes t p a y o f f 

ra te , b u t h o w m i g h t she a c h i e v e this? I t w a s a k e y a s s u m p t i o n o f ou r m o d e l 

tha t the four o u t c o m e s d i d no t c o r r e s p o n d to dec i s ions tha t w e r e a v a i l a b l e to 

a w a s p . A w a s p c a n ' d e c i d e ' to d i g or to en te r . S h e c a n n o t d e c i d e to be 

j o i n e d o r t o be a l o n e a n y m o r e t h a n a m a n c a n d e c i d e no t t o ge t c a n c e r . 

T h e s e a r e o u t c o m e s tha t d e p e n d o n c i r c u m s t a n c e s b e y o n d the i n d i v i d u a l ' s 

c o n t r o l . In this case t h e y d e p e n d on w h a t the o the r w a s p s in the p o p u l a t i o n 
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d o . Bu t jus t a s a m a n m a y s ta t i s t ica l ly r e d u c e his c h a n c e s o f g e t t i n g c a n c e r , 

by t a k i n g the dec i s ion to s top s m o k i n g , so a w a s p ' s ' t a sk ' i s to m a k e the o n l y 

dec i s ion o p e n to h e r — d i g o r e n t e r — i n such a w a y as to m a x i m i z e h e r 

c h a n c e s o f e n d i n g up in a d e s i r a b l e o u t c o m e . M o r e s t r i c t ly , we seek the 

s tab le v a l u e of p , p*, such tha t w h e n p* of the dec i s ions in the p o p u l a t i o n a r e 

d i g g i n g dec i s ions , n o m u t a n t g e n e l e a d i n g t o the a d o p t i o n o f s o m e o t h e r 

v a l u e o f p w i l l b e f a v o u r e d b y n a t u r a l s e l ec t ion . 

T h e p r o b a b i l i t y tha t a n e n t e r i n g dec i s ion w i l l l e a d t o s o m e p a r t i c u l a r 

o u t c o m e , such a s the d e s i r a b l e ' a l o n e ' o u t c o m e , d e p e n d s o n the o v e r a l l 

f r equency o f e n t e r i n g dec i s ions in the p o p u l a t i o n . I f a l a r g e a m o u n t o f 

en t e r ing i s g o i n g on i n the p o p u l a t i o n , the n u m b e r o f a v a i l a b l e a b a n d o n e d 

b u r r o w s goes d o w n , a n d the c h a n c e s go up tha t a w a s p tha t d e c i d e s t o en t e r 

wi l l find herse l f i n the u n d e s i r a b l e pos i t ion o f j o i n i n g an i n c u m b e n t . O u r 

m o d e l e n a b l e s us to t ake a n y g i v e n v a l u e o f p , the o v e r a l l f r e q u e n c y o f 

d i g g i n g i n the p o p u l a t i o n , a n d p r e d i c t the p r o b a b i l i t y tha t a n i n d i v i d u a l 

that d e c i d e s to d i g , o r an i n d i v i d u a l tha t d e c i d e s to en te r , w i l l end tha t 

ep isode in e a c h o f the four o u t c o m e s . T h e a v e r a g e p a y o f f t o a w a s p tha t 

dec ides t o d i g , therefore , c a n b e p r e d i c t e d for a n y n a m e d f r e q u e n c y o f 

d i g g i n g versus e n t e r i n g in the p o p u l a t i o n as a w h o l e . I t i s s i m p l y the s u m , 

o v e r the four o u t c o m e s , o f the e x p e c t e d p a y o f f y i e l d e d b y e a c h o u t c o m e , 

mu l t i p l i ed by the p r o b a b i l i t y tha t a w a s p tha t d ig s w i l l end up in t ha t 

o u t c o m e . T h e e q u i v a l e n t s u m c a n b e w o r k e d o u t for a w a s p tha t d e c i d e s t o 

enter , a g a i n for a n y n a m e d f r e q u e n c y o f d i g g i n g ve r sus e n t e r i n g i n the 

p o p u l a t i o n . F i n a l l y , m a k i n g c e r t a i n p l a u s i b l e a d d i t i o n a l a s s u m p t i o n s w h i c h 

are listed in the o r ig ina l p a p e r , we so lve an e q u a t i o n to find the p o p u l a t i o n 

d i g g i n g f r e q u e n c y a t w h i c h the a v e r a g e e x p e c t e d benef i t t o a w a s p tha t d ig s 

i s e x a c t l y e q u a l to the a v e r a g e e x p e c t e d benef i t to a w a s p tha t en ters . T h a t i s 

ou r p r e d i c t e d e q u i l i b r i u m f r e q u e n c y w h i c h w e c a n c o m p a r e w i t h the 

obse rved f r equency in the w i l d p o p u l a t i o n . O u r e x p e c t a t i o n i s t ha t the r ea l 

p o p u l a t i o n shou ld e i ther be s i t t ing a t the e q u i l i b r i u m f r e q u e n c y or else in the 

process o f e v o l v i n g t o w a r d s the e q u i l i b r i u m f r e q u e n c y . T h e m o d e l a lso 

pred ic t s the p r o p o r t i o n o f w a s p s e n d i n g u p i n e a c h o f the four o u t c o m e s a t 

e q u i l i b r i u m , a n d these f igures too c a n be tested a g a i n s t the o b s e r v e d d a t a . 

T h e m o d e l ' s e q u i l i b r i u m i s t h e o r e t i c a l l y s t ab le in t ha t i t p r e d i c t s t ha t 

d e v i a t i o n s from e q u i l i b r i u m w i l l b e c o r r e c t e d b y n a t u r a l s e l e c t i o n . 

B r o c k m a n n s tud ied t w o p o p u l a t i o n s o f w a s p s , o n e i n M i c h i g a n a n d o n e i n 

N e w H a m p s h i r e . T h e results w e r e different i n the t w o p o p u l a t i o n s . I n 

M i c h i g a n the m o d e l fai led t o p r e d i c t the o b s e r v e d resul ts , a n d w e c o n c l u d e d 

that i t w a s q u i t e i n a p p l i c a b l e t o the M i c h i g a n p o p u l a t i o n , for u n k n o w n 

reasons as d iscussed in the o r i g i n a l p a p e r ( the fact t ha t the M i c h i g a n 

p o p u l a t i o n has n o w g o n e e x t i n c t i s p r o b a b l y fo r tu i t ous ! ) . T h e N e w 

H a m p s h i r e p o p u l a t i o n , on the o the r h a n d , g a v e a c o n v i n c i n g f i t t o the 

p red ic t ions o f the m o d e l . T h e p r e d i c t e d e q u i l i b r i u m f r e q u e n c y o f e n t e r i n g 
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w a s 0.44, a n d the o b s e r v e d f r e q u e n c y w a s 0 .41 . T h e m o d e l a lso successful ly 

p r e d i c t e d the f r e q u e n c y o f e a c h o f the four ' o u t c o m e s ' i n the N e w H a m p s h i r e 

p o p u l a t i o n . P e r h a p s mos t i m p o r t a n t l y , the a v e r a g e p a y o f f r e su l t ing from 

d i g g i n g dec i s ions d i d no t differ s ign i f i can t ly f rom the a v e r a g e p a y o f f resu l t ing 

f rom e n t e r i n g dec i s ions . 

T h e p o i n t o f m y t e l l i ng this s tory i n the present b o o k has n o w f i n a l l y 

a r r i v e d . I w a n t to c l a i m tha t we w o u l d h a v e found i t diff icul t to do this 

r e s e a r c h i f we h a d t h o u g h t in te rms o f individual success , r a the r t h a n in terms 

o f s t r a t e g y ( p r o g r a m ) success a v e r a g e d o v e r a l l i n d i v i d u a l s . I f the m i x e d E S S 

h a d h a p p e n e d to lie a t the b a l a n c e d p o l y m o r p h i s m end o f the c o n t i n u u m , i t 

w o u l d , i n d e e d , h a v e m a d e sense to ask s o m e t h i n g l ike the f o l l o w i n g . I s the 

success o f w a s p s tha t d i g e q u a l t o the success o f w a s p s tha t e n t e r ? W e w o u l d 

h a v e classif ied w a s p s a s d i g g e r s o r en terers , a n d c o m p a r e d the tota l l i fe t ime 's 

e g g - l a y i n g success o f i n d i v i d u a l s o f the t w o types , p r e d i c t i n g tha t the t w o 

success scores s h o u l d be e q u a l . B u t a s we h a v e seen these w a s p s are not 

p o l y m o r p h i c . E a c h i n d i v i d u a l s o m e t i m e s d igs a n d s o m e t i m e s enters . 

I t m i g h t be t h o u g h t tha t i t w o u l d h a v e b e e n easy to do s o m e t h i n g l ike the 

f o l l o w i n g . C lass i fy al l i n d i v i d u a l s in to those tha t en t e red w i t h a p r o b a b i l i t y 

less t h a n 0 . 1 , those tha t en t e r ed w i t h a p r o b a b i l i t y b e t w e e n 0.1 a n d 0.2, 

those w i t h a p r o b a b i l i t y b e t w e e n 0.2 a n d 0.3, b e t w e e n 0.3 a n d 0.4, 0.4 a n d 

0.5, e tc . T h e n c o m p a r e the l i fe t ime r e p r o d u c t i v e successes o f w a s p s in the 

dif ferent c lasses . B u t s u p p o s i n g w e d id this, e x a c t l y w h a t w o u l d the E S S 

t h e o r y p r e d i c t ? A has ty f irst t h o u g h t is tha t those w a s p s w i t h a p v a l u e close 

to the e q u i l i b r i u m p* s hou ld en joy a h i g h e r success score t h a n w a s p s w i t h 

s o m e o t h e r v a l u e of p: the g r a p h of success aga ins t p shou ld p e a k a t an 

' o p t i m u m ' at p*. B u t p* is no t r ea l ly an o p t i m u m v a l u e , i t is an e v o l u t i o n a r i l y 

s t ab le v a l u e . T h e t h e o r y e x p e c t s tha t , w h e n p* i s a c h i e v e d in the p o p u l a t i o n as 

a w h o l e , d i g g i n g a n d e n t e r i n g shou ld b e e q u a l l y successful . A t e q u i l i b r i u m , 

therefore , we e x p e c t no c o r r e l a t i o n b e t w e e n a w a s p ' s d i g g i n g p r o b a b i l i t y a n d 

he r success . I f the p o p u l a t i o n d e v i a t e s f rom e q u i l i b r i u m in the d i r ec t ion o f 

too m u c h e n t e r i n g , the ' o p t i m u m ' c h o i c e ru le b e c o m e s ' a l w a y s d i g ' (not ' d i g 

w i t h p r o b a b i l i t y p * ' ) . I f the p o p u l a t i o n d e v i a t e s f rom e q u i l i b r i u m i n the 

o t h e r d i r e c t i o n , the ' o p t i m u m ' p o l i c y i s ' a l w a y s en te r ' . I f the p o p u l a t i o n 

f l u c t u a t e s a t r a n d o m a r o u n d the e q u i l i b r i u m v a l u e , a n a l o g y w i t h sex ra t io 

t h e o r y sugges t s t ha t i n the l o n g run g e n e t i c t endenc i e s to a d o p t e x a c t l y the 

e q u i l i b r i u m v a l u e , p*, w i l l be f a v o u r e d o v e r t endenc i e s to a d o p t a n y o the r 

cons i s ten t v a l u e o f p ( W i l l i a m s 1 9 7 9 ) . B u t in a n y o n e y e a r this a d v a n t a g e i s 

no t p a r t i c u l a r l y l i ke ly to be e v i d e n t . T h e sensible e x p e c t a t i o n o f the theory i s 

t ha t the re s h o u l d be no s ign i f ican t d i f ference in success rates a m o n g the 

classes o f w a s p s . 

I n a n y case this m e t h o d o f d i v i d i n g w a s p s up in to classes p resupposes that 

the re i s s o m e cons is ten t v a r i a t i o n a m o n g w a s p s i n d i g g i n g t e n d e n c y . T h e 
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theory g ives us no p a r t i c u l a r reason to e x p e c t t ha t the re s h o u l d be a n y s u c h 

v a r i a t i o n . I n d e e d , the a n a l o g y w i t h sex r a t io t h e o r y j u s t m e n t i o n e d g i v e s 

posi t ive g r o u n d s for e x p e c t i n g tha t w a s p s s h o u l d no t v a r y i n d i g g i n g 

p r o b a b i l i t y . In a c c o r d a n c e w i t h this, a s ta t i s t ica l test on t he a c t u a l d a t a 

r e v e a l e d n o e v i d e n c e o f i n t e r - i n d i v i d u a l v a r i a t i o n i n d i g g i n g t e n d e n c y . E v e n 

i f there w e r e s o m e i n d i v i d u a l v a r i a t i o n , the m e t h o d o f c o m p a r i n g the success 

o f i nd iv idua l s w i t h different p v a l u e s w o u l d h a v e b e e n a c r u d e a n d insens i t ive 

one for c o m p a r i n g the success ra tes o f d i g g i n g a n d e n t e r i n g . T h i s c a n b e seen 

b y a n a n a l o g y . 

An ag r i cu l t u r a l i s t wishes to c o m p a r e the ef f icacy o f t w o fer t i l izers , A a n d 

B . He takes ten fields a n d d i v i d e s e a c h o f t h e m in to a l a r g e n u m b e r o f sma l l 

p lots . E a c h p lo t i s t r ea t ed , a t r a n d o m , w i t h e i the r A or B , a n d w h e a t i s s o w n 

in al l the plots o f a l l the fields. N o w , h o w s h o u l d he c o m p a r e the t w o 

fert i l izers? T h e sensi t ive w a y i s t o t ake the y i e lds o f a l l t he p lo ts t r e a t e d w i t h 

A a n d c o m p a r e t h e m w i t h the y i e l d s o f a l l the p lo ts t r e a t e d w i t h B , across a l l 

ten f i e ld s . B u t the re i s a n o t h e r , m u c h c r u d e r w a y . I t h a p p e n s t h a t i n the 

r a n d o m a l l o c a t i o n o f fer t i l izers to p lo ts , s o m e of the ten f i e lds r e c e i v e d a 

r e l a t ive ly l a r g e a m o u n t o f fer t i l izer A , w h i l e o thers h a p p e n e d t o b e g i v e n a 

r e l a t i ve ly l a rge a m o u n t o f B . T h e a g r i c u l t u r a l i s t c o u l d , t hen , p lo t the o v e r a l l 

y i e ld o f e a c h o f the ten f i e l d s a g a i n s t the p r o p o r t i o n o f the f i e l d t ha t w a s 

t rea ted w i t h fer t i l izer A r a the r t han B. I f the re i s a v e r y p r o n o u n c e d 

difference i n q u a l i t y b e t w e e n the t w o fer t i l izers , this m e t h o d m i g h t j u s t s h o w 

i t up , b u t far m o r e p r o b a b l y the d i f ference w o u l d b e m a s k e d . T h e m e t h o d o f 

c o m p a r i n g the y i e lds o f the ten f i e lds w o u l d be efficient o n l y i f t he re i s v e r y 

h igh be tween - f i e ld v a r i a n c e , a n d there i s no p a r t i c u l a r r ea son to e x p e c t this. 

I n the a n a l o g y , the t w o fer t i l izers s t and for d i g g i n g a n d e n t e r i n g . T h e 

fields are the w a s p s . T h e plots a re the ep i sodes o f t i m e tha t i n d i v i d u a l w a s p s 

d e v o t e e i ther t o d i g g i n g o r t o e n t e r i n g . T h e c r u d e m e t h o d o f c o m p a r i n g 

d i g g i n g a n d e n t e r i n g i s to p lo t the l i fe t ime success o f i n d i v i d u a l w a s p s a g a i n s t 

their p r o p o r t i o n a t e d i g g i n g t e n d e n c y . T h e sensi t ive w a y i s the o n e w e 

a c t u a l l y e m p l o y e d . 

W e m a d e a d e t a i l e d a n d e x h a u s t i v e i n v e n t o r y o f the t i m e spen t b y e a c h 

w a s p o n e a c h b u r r o w w i t h w h i c h she w a s a s soc i a t ed . W e d i v i d e d e a c h 

i n d i v i d u a l f ema le ' s a d u l t l i fe t ime in to c o n s e c u t i v e ep i sodes o f k n o w n 

du ra t i on , e a c h ep i sode b e i n g d e s i g n a t e d a d i g g i n g e p i s o d e i f the w a s p 

c o n c e r n e d b e g a n he r a s soc ia t ion w i t h the b u r r o w b y d i g g i n g it. O t h e r w i s e , i t 

w a s d e s i g n a t e d a n e n t e r i n g ep i sode . T h e end o f e a c h e p i s o d e w a s s i g n a l l e d 

by the w a s p ' s l e a v i n g the nest for the last t ime . T h i s ins tan t w a s a lso t r ea ted 

as the start o f the n e x t b u r r o w ep i sode , e v e n t h o u g h the n e x t b u r r o w site 

had not , a t the t ime , b e e n c h o s e n . T h a t i s to say , in o u r t ime a c c o u n t i n g , the 

t ime spent s e a r c h i n g for a n e w b u r r o w to en ter , or s e a r c h i n g for a p l a c e to 

d i g a n e w b u r r o w , w a s d e s i g n a t e d r e t r o a c t i v e l y a s t i m e ' spen t ' on tha t n e w 
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b u r r o w . I t w a s a d d e d to the t ime s u b s e q u e n t l y spen t p r o v i s i o n i n g the 

b u r r o w w i t h k a t y d i d s , f i gh t i ng o t h e r w a s p s , f eed ing , s l eep ing , e tc . , unt i l the 

w a s p left the n e w b u r r o w for the last t ime . 

A t the e n d o f the season , therefore , w e c o u l d a d d u p the tota l n u m b e r o f 

w a s p hour s spen t o n d u g - b u r r o w ep isodes , a n d also the tota l n u m b e r o f w a s p 

hour s spen t o n e n t e r e d - b u r r o w ep i sodes . F o r the N e w H a m p s h i r e s tudy these 

t w o f i g u r e s w e r e 8 5 1 8 . 7 hours a n d 6 7 4 7 . 4 hours , r e spec t i ve ly . T h i s i s 

r e g a r d e d as t i m e spent , or i nves t ed , for a r e tu rn , a n d the re tu rn is m e a s u r e d 

i n n u m b e r s o f e g g s . T h e to ta l n u m b e r o f eggs l a id a t the end o f the d u g -

b u r r o w ep i sodes ( i .e . b y w a s p s tha t h a d d u g the b u r r o w c o n c e r n e d ) i n the 

w h o l e N e w H a m p s h i r e p o p u l a t i o n d u r i n g the y e a r o f s tudy w a s 82. T h e 

c o r r e s p o n d i n g n u m b e r for e n t e r e d - b u r r o w episodes w a s 5 7 eggs . T h e success 

ra te of the d i g g i n g s u b r o u t i n e w a s , there fore , 8 2 / 8 5 1 8 . 7 = 0.96 eggs per 100 

h o u r s . T h e success ra te o f the e n t e r i n g s u b r o u t i n e w a s 5 7 / 6 7 4 7 . 4 = 0.84 eggs 

pe r 100 hou r s . T h e s e success scores are a v e r a g e d across all the i nd iv idua l s 

w h o used the t w o s u b r o u t i n e s . I n s t e a d o f c o u n t i n g the n u m b e r o f eggs la id i n 

he r l i fe t ime b y a n i n d i v i d u a l w a s p — t h e e q u i v a l e n t o f m e a s u r i n g the w h e a t 

y i e l d o f e a c h o f the ten f i e l d s i n the a n a l o g y — w e c o u n t the n u m b e r o f eggs 

la id ' b y ' the d i g g i n g (or en t e r i ng ) s u b r o u t i n e p e r un i t ' r u n n i n g t i m e ' o f the 

s u b r o u t i n e . 

T h e r e i s a n o t h e r r e spec t in w h i c h i t w o u l d h a v e b e e n diff icul t for us to 

h a v e d o n e this a n a l y s i s i f we h a d insisted on t h i n k i n g in terms o f i n d i v i d u a l 

success . In o r d e r to so lve t he e q u a t i o n to p r e d i c t the e q u i l i b r i u m en te r ing 

f r e q u e n c y , w e h a d t o h a v e e m p i r i c a l es t imates o f the e x p e c t e d payoffs o f each 

o f the four ' o u t c o m e s ' ( a b a n d o n s , r e m a i n s a l o n e , i s j o i n e d , j o i n s ) . W e 

o b t a i n e d p a y o f f scores for the four o u t c o m e s in the s a m e w a y as we o b t a i n e d 

success scores for e a c h o f the t w o s t ra teg ies , d i g a n d enter . W e a v e r a g e d o v e r 

a l l i n d i v i d u a l s , d i v i d i n g the to ta l n u m b e r o f eggs la id i n e a c h o u t c o m e by the 

to ta l t i m e spen t on ep i sodes tha t e n d e d up in tha t o u t c o m e . S i n c e most 

i n d i v i d u a l s e x p e r i e n c e d a l l four o u t c o m e s a t different t imes , i t i s no t c l ea r 

h o w w e c o u l d h a v e o b t a i n e d the necessa ry es t imates o f o u t c o m e payoffs i f w e 

h a d t h o u g h t i n t e rms o f i n d i v i d u a l success . 

N o t i c e the i m p o r t a n t ro l e o f time in the c o m p u t a t i o n of the ' success ' o f the 

d i g g i n g a n d e n t e r i n g s u b r o u t i n e s (and o f the p a y o f f g i v e n b y e a c h o u t c o m e ) . 

T h e to ta l n u m b e r o f eggs l a id ' b y ' the d i g g i n g s u b r o u t i n e i s a p o o r measu re 

o f success un t i l i t has b e e n d i v i d e d by the t ime spen t on the s u b r o u t i n e . T h e 

n u m b e r o f e g g s l a i d b y the t w o sub rou t ines m i g h t b e e q u a l , bu t i f d i g g i n g 

ep i sodes a r e on a v e r a g e t w i c e a s l o n g a s e n t e r i n g ep i sodes , n a t u r a l se lect ion 

w i l l p r e s u m a b l y f a v o u r e n t e r i n g . I n fact r a t he r m o r e eggs w e r e la id ' b y ' the 

d i g g i n g s u b r o u t i n e t h a n b y the e n t e r i n g o n e , b u t c o r r e s p o n d i n g l y m o r e t ime 

w a s spen t on the d i g g i n g s u b r o u t i n e so the o v e r a l l success rates o f the t w o 

w e r e a p p r o x i m a t e l y e q u a l . N o t i c e too tha t w e d o no t speci fy w h e t h e r the 

e x t r a t i m e spen t on d i g g i n g i s a c c o u n t e d for by a g r e a t e r n u m b e r o f wasps 
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d i g g i n g , o r b y e a c h d i g g i n g ep i sode l a s t ing l o n g e r . T h e d i s t i nc t i on m a y b e 

i m p o r t a n t for s o m e purposes , b u t i t d o e s n ' t m a t t e r for the k i n d o f e c o n o m i c 

ana lys is w e u n d e r t o o k . 

I t w a s c l e a r l y s ta ted in the o r i g i n a l p a p e r ( B r o c k m a n n , G r a f e n & D a w k i n s 

1 9 7 9 ) , a n d mus t b e r e p e a t e d here , tha t the m e t h o d w e used d e p e n d e d u p o n 

some as sumpt ions . We a s s u m e d , for i n s t ance , t ha t a w a s p ' s c h o i c e o f 

sub rou t ine on a n y p a r t i c u l a r o c c a s i o n d i d no t affect h e r s u r v i v a l o r success 

ra te after the end o f the ep i sode c o n c e r n e d . T h u s the costs o f d i g g i n g w e r e 

assumed to be ref lec ted to t a l ly in the t ime spen t on d i g g i n g ep i sodes , a n d the 

costs o f e n t e r i n g ref lec ted in the t ime spen t on e n t e r i n g ep i sodes . I f the a c t o f 

d i g g i n g h a d i m p o s e d s o m e e x t r a cost , say a risk o f w e a r a n d tea r to the l i m b s , 

shor t en ing life e x p e c t a t i o n , o u r s i m p l e t ime-cos t a c c o u n t i n g w o u l d n e e d t o 

b e a m e n d e d . T h e success ra tes o f the d i g g i n g a n d the e n t e r i n g s u b r o u t i n e s 

w o u l d h a v e to be expressed , no t i n e g g s p e r h o u r , b u t i n e g g s p e r 

' o p p o r t u n i t y cos t ' . O p p o r t u n i t y cost m i g h t still be m e a s u r e d in uni ts o f t ime , 

bu t d i g g i n g t ime w o u l d h a v e to be s ca l ed up in a cos t l i e r c u r r e n c y t h a n 

en t e r ing t ime , b e c a u s e e a c h h o u r spen t i n d i g g i n g shor tens the e x p e c t a t i o n o f 

effective life o f the i n d i v i d u a l . U n d e r such c i r c u m s t a n c e s i t m i g h t be 

necessary , in spi te of a l l the diff icul t ies , to th ink in t e rms of i n d i v i d u a l success 

ra the r t han s u b r o u t i n e success . 

I t is for this k ind of reason tha t C l u t t o n - B r o c k el al. (in press) a re p r o b a b l y 

wise in thei r a m b i t i o n to m e a s u r e the to ta l l i fe t ime r e p r o d u c t i v e success ra tes 

o f their i n d i v i d u a l red d e e r s tags . I n the case o f B r o c k m a n n ' s w a s p s , w e h a v e 

reason t o th ink that o u r a s sumpt ions w e r e c o r r e c t , a n d tha t we w e r e jus t i f i ed 

i n i g n o r i n g i n d i v i d u a l success a n d c o n c e n t r a t i n g on s u b r o u t i n e success . 

T h e r e f o r e w h a t N . B . D a v i e s , i n a l ec tu re , j o c u l a r l y c a l l e d the ' O x f o r d 

m e t h o d ' ( m e a s u r i n g s u b r o u t i n e success) a n d the ' C a m b r i d g e m e t h o d ' 

( m e a s u r i n g i n d i v i d u a l success) m a y e a c h b e jus t i f i ed i n d i f ferent c i r c u m 

stances . I a m not s a y i n g tha t the O x f o r d m e t h o d s h o u l d a l w a y s b e used . T h e 

v e r y fact tha t i t is sometimes p r e f e r ab l e is sufficient to a n s w e r the c l a i m tha t 

f i e ld worke r s in teres ted in m e a s u r i n g costs a n d benef i ts a l w a y s h a v e to th ink 

in terms of individual costs a n d benef i ts . 

W h e n c o m p u t e r chess t o u r n a m e n t s are he ld , a l a y m a n m i g h t i m a g i n e tha t 

o n e c o m p u t e r p l a y s aga ins t a n o t h e r . I t i s m o r e p e r t i n e n t to d e s c r i b e the 

t o u r n a m e n t a s b e i n g b e t w e e n p r o g r a m s . A g o o d p r o g r a m w i l l cons i s t en t ly 

bea t a p o o r p r o g r a m , a n d i t d o e s n ' t m a k e a n y d i f fe rence w h i c h p h y s i c a l 

c o m p u t e r c i the r p r o g r a m i s r u n n i n g on . I n d e e d the t w o p r o g r a m s c o u l d 

s w a p phys i ca l c o m p u t e r s e v e r y o t h e r g a m e , e a c h o n e r u n n i n g a l t e r n a t e l y i n 

a n I B M a n d a n I C L c o m p u t e r , a n d the resul t a t the end o f the t o u r n a m e n t 

wi l l be the s a m e a s i f o n e p r o g r a m cons i s ten t ly ran i n the I B M a n d the o t h e r 

cons is tent ly ran in the I C L . S i m i l a r l y , t o r e tu rn to the a n a l o g y a t the 

b e g i n n i n g o f this c h a p t e r , the d i g g i n g s u b r o u t i n e ' r uns ' in a l a r g e n u m b e r o f 

different p h y s i c a l w a s p n e r v o u s sys tems . E n t e r i n g i s t he n a m e of a r iva l 
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s u b r o u t i n e w h i c h a l so runs i n m a n y different w a s p n e r v o u s systems, 

i n c l u d i n g s o m e o f the s a m e p h y s i c a l n e r v o u s sys tems as, a t o the r t imes , run 

the d i g g i n g s u b r o u t i n e . J u s t a s a p a r t i c u l a r I B M o r I C L c o m p u t e r funct ions 

a s the p h y s i c a l m e d i u m t h r o u g h w h i c h a n y o f a v a r i e t y o f chess p r o g r a m s 

c a n a c t o u t the i r skil ls , so o n e i n d i v i d u a l w a s p i s the p h y s i c a l m e d i u m 

t h r o u g h w h i c h s o m e t i m e s the d i g g i n g s u b r o u t i n e , a t o the r t imes the en te r ing 

s u b r o u t i n e , ac t s o u t its c h a r a c t e r i s t i c b e h a v i o u r . 

A s a l r e a d y e x p l a i n e d , I c a l l d i g g i n g a n d e n t e r i n g ' sub rou t ine s ' , r a the r 

t han p r o g r a m s , b e c a u s e w e h a v e a l r e a d y used ' p r o g r a m ' for the ove ra l l 

l i fe t ime c h o o s i n g rules o f an i n d i v i d u a l . An i n d i v i d u a l i s r e g a r d e d a s b e i n g 

p r o g r a m m e d w i t h a ru le for c h o o s i n g the d i g g i n g or the e n t e r i n g sub rou t ine 

w i t h s o m e p r o b a b i l i t y p . In the spec ia l case of a p o l y m o r p h i s m , w h e r e e a c h 

i n d i v i d u a l is e i t he r a l i f e long d i g g e r or a l i fe long en te re r , p b e c o m e s 1 or 0, 

a n d the c a t e g o r i e s p r o g r a m a n d s u b r o u t i n e b e c o m e s y n o n y m o u s . T h e b e a u t y 

o f c a l c u l a t i n g the e g g - l a y i n g success ra tes o f sub rou t ines r a the r than o f 

i n d i v i d u a l s i s t ha t the p r o c e d u r e we a d o p t i s the s a m e regard less o f w h e r e on 

the m i x e d s t r a t e g y c o n t i n u u m o u r a n i m a l s a r e . A n y w h e r e a l o n g the 

c o n t i n u u m w e still p r e d i c t t ha t the d i g g i n g s u b r o u t i n e s h o u l d , a t 

e q u i l i b r i u m , en joy a success ra te e q u a l to tha t of the e n t e r i n g sub rou t ine . 

I t i s t e m p t i n g , t h o u g h r a the r m i s l e a d i n g , to push this l ine of t h o u g h t to 

w h a t a p p e a r s to be its l o g i c a l c o n c l u s i o n , a n d th ink in te rms o f se lec t ion 

a c t i n g d i r e c t l y on s u b r o u t i n e s i n a s u b r o u t i n e p o o l . T h e p o p u l a t i o n ' s ne rvous 

t issue, its d i s t r i b u t e d c o m p u t e r h a r d w a r e , i s i n h a b i t e d by m a n y cop ies o f the 

d i g g i n g s u b r o u t i n e a n d m a n y cop ie s o f the e n t e r i n g s u b r o u t i n e . A t a n y g i v e n 

t i m e the p r o p o r t i o n of r u n n i n g cop ie s of the d i g g i n g s u b r o u t i n e i s p . T h e r e i s 

a c r i t i c a l v a l u e of p , c a l l e d p*, a t w h i c h the success ra te of the t w o 

s u b r o u t i n e s i s e q u a l . I f e i the r o f the t w o b e c o m e s too n u m e r o u s in the 

s u b r o u t i n e p o o l , n a t u r a l se l ec t ion p e n a l i z e s i t a n d the e q u i l i b r i u m i s 

res to red . 

T h e r ea son this i s m i s l e a d i n g i s tha t se lec t ion r ea l l y w o r k s on the 

d i f fe ren t ia l s u r v i v a l o f a l le les in a g e n e p o o l . E v e n w i t h the most l ibera l 

i m a g i n a b l e i n t e r p r e t a t i o n o f w h a t w e m e a n b y g e n e c o n t r o l , there i s n o 

useful sense i n w h i c h the d i g g i n g s u b r o u t i n e a n d the e n t e r i n g sub rou t ine 

c o u l d be t h o u g h t o f a s b e i n g c o n t r o l l e d by a l t e r n a t i v e a l le les . I f for no o the r 

r eason , this i s b e c a u s e the w a s p s , a s we h a v e seen, a re no t p o l y m o r p h i c , bu t 

a re p r o g r a m m e d w i t h a s tochas t i c ru le for c h o o s i n g to d i g o r en te r on a n y 

g i v e n o c c a s i o n . N a t u r a l se l ec t ion mus t f a v o u r g e n e s tha t ac t on the s tochas t ic 

p r o g r a m of i n d i v i d u a l s , i n p a r t i c u l a r c o n t r o l l i n g the v a l u e o f p , the d i g g i n g 

p r o b a b i l i t y . N e v e r t h e l e s s , a l t h o u g h i t i s m i s l e a d i n g i f t a k e n too l i t e ra l ly , the 

m o d e l o f s u b r o u t i n e s c o m p e t i n g d i r e c t l y for r u n n i n g t ime i n n e r v o u s systems 

p r o v i d e s s o m e useful shor t cu t s to g e t t i n g the r igh t a n s w e r . 

T h e i d e a o f s e l ec t i on in a n o t i o n a l poo l o f sub rou t i ne s also l eads us to th ink 

a b o u t y e t a n o t h e r t i m e - s c a l e o n w h i c h a n a n a l o g u e o f f r e q u e n c y - d e p e n d e n t 
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select ion m i g h t o c c u r . T h e present m o d e l a l l o w s tha t f rom d a y t o d a y the 

o b s e r v e d n u m b e r o f r u n n i n g cop ie s o f the d i g g i n g s u b r o u t i n e m i g h t c h a n g e , 

a s i n d i v i d u a l w a s p s o b e y i n g the i r s tochas t i c p r o g r a m s s w i t c h the i r h a r d w a r e 

from o n e s u b r o u t i n e to a n o t h e r . So far I h a v e i m p l i e d tha t a g i v e n w a s p is 

bo rn w i t h a bu i l t - in p r e d i l e c t i o n to d i g w i t h a c e r t a i n c h a r a c t e r i s t i c 

p r o b a b i l i t y . Bu t i t i s a l so t h e o r e t i c a l l y poss ib le t ha t w a s p s m i g h t be e q u i p p e d 

t o m o n i t o r the p o p u l a t i o n a r o u n d t h e m w i t h the i r sense o r g a n s , a n d c h o o s e 

t o d i g o r en te r a c c o r d i n g l y . I n E S S j a r g o n focus ing o n the i n d i v i d u a l l e v e l , 

this w o u l d be r e g a r d e d a s a c o n d i t i o n a l s t r a t egy , e a c h w a s p o b e y i n g an 

' i f c l ause ' o f the f o l l o w i n g f o r m : ' I f y o u see a l a r g e a m o u n t o f e n t e r i n g g o i n g 

o n a r o u n d y o u , d i g , o t h e r w i s e en te r . ' M o r e p r a c t i c a l l y , e a c h w a s p m i g h t b e 

p r o g r a m m e d to fo l low a ru le of t h u m b such a s : ' S e a r c h for a b u r r o w to 

en te r ; i f y o u h a v e not found o n e after a t ime t , g i v e up a n d d i g y o u r o w n . ' As 

i t h a p p e n s o u r e v i d e n c e g o e s a g a i n s t s u c h a ' c o n d i t i o n a l s t r a t e g y ' 

( B r o c k m a n n & D a w k i n s 1 9 7 9 ) , b u t the t h e o r e t i c a l poss ib i l i ty i s i n t e re s t ing . 

F r o m the present p o i n t o f v i e w w h a t i s p a r t i c u l a r l y i n t e r e s t i ng i s this . W e 

cou ld still a n a l y s e the d a t a in te rms of a n o t i o n a l se l ec t ion b e t w e e n 

subrou t ines in a s u b r o u t i n e p o o l , e v e n t h o u g h the se lec t ion p rocess l e a d i n g to 

the res tora t ion o f the e q u i l i b r i u m w h e n p e r t u r b e d w o u l d no t b e n a t u r a l 

se lec t ion on a g e n e r a t i o n a l t ime-sca le . I t w o u l d be a d e v e l o p m e n t a l l y s t ab le 

s t ra tegy o r D S S ( D a w k i n s 1980) r a the r t h a n a n E S S , b u t the m a t h e m a t i c s 

cou ld b e m u c h the s a m e ( H a r l e y 1981) . 

I mus t w a r n tha t a n a l o g i c a l r e a s o n i n g of this sort i s a l u x u r y tha t we d a r e 

not i n d u l g e unless w e a re c a p a b l e o f c l e a r l y s e e i n g the l i m i t a t i o n s o f the 

a n a l o g y . T h e r e a r e rea l a n d i m p o r t a n t d i s t inc t ions b e t w e e n D a r w i n i a n 

se lec t ion a n d b e h a v i o u r a l assessment , j u s t a s the re w e r e r ea l a n d i m p o r t a n t 

d is t inc t ions b e t w e e n a b a l a n c e d p o l y m o r p h i s m a n d a t rue m i x e d e v o l 

u t iona r i ly s tab le s t r a t egy . J u s t as the v a l u e o f p , the i n d i v i d u a l ' s d i g g i n g 

p r o b a b i l i t y , w a s c o n s i d e r e d to be ad jus ted by n a t u r a l s e l e c t i o n , so , in the 

b e h a v i o u r a l assessment m o d e l , t , the i n d i v i d u a l ' s c r i t e r i on for r e s p o n d i n g to 

the f r equency o f d i g g i n g in the p o p u l a t i o n , i s p r e s u m a b l y i n f l u e n c e d by 

na tu ra l se lec t ion . T h e c o n c e p t o f se lec t ion a m o n g s u b r o u t i n e s i n a 

sub rou t ine pool b lurs s o m e i m p o r t a n t d i s t inc t ions w h i l e p o i n t i n g u p s o m e 

i m p o r t a n t s imi l a r i t i e s : the w e a k n e s s e s o f this w a y o f t h i n k i n g a r e l i n k e d to its 

s t rengths . W h a t I d o r e m e m b e r i s tha t , w h e n w e w e r e a c t u a l l y w r e s t l i n g 

w i th the diff icult ies o f the w a s p ana lys i s , o n e o f o u r m a i n l eaps f o r w a r d 

o c c u r r e d w h e n , u n d e r the in f luence o f A . G r a f e n , w e k i c k e d the h a b i t o f 

w o r r y i n g a b o u t i n d i v i d u a l r e p r o d u c t i v e success a n d s w i t c h e d t o a n 

i m a g i n a r y w o r l d w h e r e ' d i g g i n g ' c o m p e t e d d i r e c t l y w i t h ' e n t e r i n g ' ; 

c o m p e t e d for ' r u n n i n g t i m e ' in future n e r v o u s sys tems . 

T h i s c h a p t e r has b e e n an i n t e r l ude , a d ig ress ion . I h a v e no t b e e n t r y i n g to 

a r g u e that ' s ub rou t ine s ' , o r ' s t ra teg ies ' a r e r ea l ly t rue r e p l i c a t o r s , t rue uni ts 

o f na tu ra l se lec t ion . T h e y a re no t . G e n e s a n d f r agmen t s o f g e n o m e s a r e t rue 
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r ep l i c a to r s . S u b r o u t i n e s a n d s t ra teg ies c a n be t h o u g h t o f for c e r t a i n purposes 

a s i f t hey w e r e r e p l i c a t o r s , bu t w h e n those purposes h a v e b e e n served w e 

m u s t r e t u r n to r ea l i t y . N a t u r a l se lec t ion r ea l ly has the effect o f choos ing 

b e t w e e n a l le les i n w a s p g e n e - p o o l s , a l le les w h i c h in f luence the p r o b a b i l i t y 

tha t i n d i v i d u a l w a s p s w i l l en te r o r d i g . W e t e m p o r a r i l y la id this k n o w l e d g e 

as ide a n d e n t e r e d an i m a g i n a r y w o r l d o f ' i n t e r - sub rou t ine se l ec t ion ' for a 

speci f ic m e t h o d o l o g i c a l p u r p o s e . W e w e r e jus t i f ied i n d o i n g this b e c a u s e w e 

w e r e a b l e t o m a k e c e r t a i n a s s u m p t i o n s a b o u t the w a s p s , a n d b e c a u s e o f the 

a l r e a d y d e m o n s t r a t e d m a t h e m a t i c a l e q u i v a l e n c e b e t w e e n the v a r i o u s w a y s 

in w h i c h a m i x e d e v o l u t i o n a r i l y s t ab le s t r a t egy c a n be p u t t oge the r . 

As in the case o f C h a p t e r 4 , the p u r p o s e o f this c h a p t e r has b e e n to 

u n d e r m i n e o u r c o n f i d e n c e i n the i n d i v i d u a l - c e n t r e d v i e w o f t e l e o n o m y , i n 

this case by s h o w i n g tha t i t i s no t a l w a y s useful , in p r a c t i c e , to measu re 

i n d i v i d u a l success i f w e a re t o s tudy n a t u r a l se lec t ion i n the f i e l d . T h e n e x t 

t w o c h a p t e r s discuss a d a p t a t i o n s w h i c h , b y thei r v e r y n a t u r e , w e c a n n o t e v e n 

b e g i n t o u n d e r s t a n d i f we insist on t h i n k i n g in t e rms o f i n d i v i d u a l benefi t . 
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N a t u r a l se lec t ion i s the process w h e r e b y r e p l i c a t o r s o u t - p r o p a g a t e 

e a c h o ther . T h e y do this by e x e r t i n g p h e n o t y p i c effects on the w o r l d , a n d i t i s 

often c o n v e n i e n t to see those p h e n o t y p i c effects as g r o u p e d t o g e t h e r in 

d iscre te ' v e h i c l e s ' s uch a s i n d i v i d u a l o r g a n i s m s . T h i s g i v e s s u b s t a n c e to the 

o r t h o d o x d o c t r i n e tha t e a c h i n d i v i d u a l b o d y c a n be t h o u g h t o f a s a u n i t a r y 

a g e n t m a x i m i z i n g o n e q u a n t i t y — ' f i t n e s s ' , v a r i o u s no t ions o f w h i c h w i l l b e 

discussed i n C h a p t e r 10. B u t the i d e a o f i n d i v i d u a l b o d i e s m a x i m i z i n g o n e 

q u a n t i t y relies on the a s s u m p t i o n tha t r ep l i ca to r s a t d i f ferent l oc i w i t h i n a 

b o d y c a n b e e x p e c t e d t o ' c o o p e r a t e ' . I n o t h e r w o r d s w e m u s t a s s u m e tha t the 

a l le le tha t su rv ives best a t a n y g i v e n locus tends to be the o n e tha t i s best for 

the g e n o m e as a w h o l e . T h i s is i n d e e d of ten the case . A r e p l i c a t o r t ha t 

ensures its o w n s u r v i v a l a n d p r o p a g a t i o n d o w n the g e n e r a t i o n s b y c o n f e r r i n g 

on its success ive bod ies res i s tance to a d a n g e r o u s d i sease , say , w i l l t h e r e b y 

benefi t all the o the r genes in the success ive g e n o m e s of w h i c h i t i s a m e m b e r . 

B u t i t i s a lso easy to i m a g i n e cases w h e r e a g e n e m i g h t p r o m o t e its o w n 

su rv iva l w h i l e h a r m i n g the s u r v i v a l c h a n c e s o f mos t o f the rest o f the 

g e n o m e . F o l l o w i n g A l e x a n d e r a n d B o r g i a ( 1 9 7 8 ) I sha l l c a l l s u c h g e n e s 

outlaws. 

I d i s t inguish t w o m a i n classes of o u t l a w s . An ' a l l e l i c o u t l a w ' i s de f i ned as a 

r ep l i ca to r tha t has a pos i t ive se lec t ion coeff ic ient a t its o w n locus b u t for 

w h i c h , a t most o the r loc i , there i s se lec t ion in f a v o u r of r e d u c i n g its effect a t 

its o w n locus . An e x a m p l e i s a ' s e g r e g a t i o n d i s to r te r ' o r ' m e i o t i c d r i v e ' g e n e . 

I t i s f a v o u r e d a t its o w n locus t h r o u g h g e t t i n g i t se l f in to m o r e t h a n 50 p e r 

cen t o f the g a m e t e s p r o d u c e d . A t the s a m e t ime , g e n e s a t o t h e r l oc i w h o s e 

effect i s to r e d u c e the s e g r e g a t i o n d i s to r t ion w i l l be f a v o u r e d by se l ec t ion a t 

their r e spec t ive l oc i . H e n c e the s e g r e g a t i o n d i s to r te r i s a n o u t l a w . T h e o t h e r 

m a i n class o f o u t l a w , the ' l a t e r a l l y s p r e a d i n g o u t l a w ' , i s less f a m i l i a r . I t w i l l 

be discussed in the n e x t c h a p t e r . 

F r o m the v i e w p o i n t o f this b o o k the re i s a sense in w h i c h we e x p e c t a l l 

genes t o be p o t e n t i a l o u t l a w s , so m u c h so tha t the v e r y t e r m m i g h t s e e m 
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super f luous . O n the o t h e r h a n d i t c a n b e a r g u e d , firstly, tha t o u t l a w s are 

u n l i k e l y to be f o u n d in n a t u r e b e c a u s e a t a n y g i v e n locus the a l l e le that i s 

best a t s u r v i v i n g w i l l n e a r l y a l w a y s tu rn ou t to be the a l le le tha t i s best a t 

p r o m o t i n g the s u r v i v a l a n d r e p r o d u c t i o n o f the o r g a n i s m as a w h o l e . 

S e c o n d l y v a r i o u s a u t h o r s , f o l l o w i n g L e i g h ( 1 9 7 1 ) , h a v e a r g u e d tha t , e v e n i f 

o u t l a w s d i d ar ise a n d w e r e t e m p o r a r i l y f a v o u r e d b y se lec t ion , they are l ike ly , 

in A l e x a n d e r a n d B o r g i a ' s w o r d s , ' to h a v e the i r effects nul l i f ied , a t least to 

the e x t e n t t ha t t h e y a re o u t n u m b e r e d by the o the r genes in the g e n o m e ' . I t 

does , i n d e e d , f o l l o w f rom the def in i t ion o f an o u t l a w tha t this shou ld tend to 

h a p p e n . T h e s u g g e s t i o n b e i n g m a d e i s tha t , w h e n e v e r a n o u t l a w arises, 

s e l ec t ion w i l l f a v o u r m o d i f i e r g e n e s a t so m a n y o t h e r loci tha t no t race wi l l 

r e m a i n o f the p h e n o t y p i c effects o f the o u t l a w . O u t l a w s w i l l therefore , the 

s u g g e s t i o n g o e s , b e t r ans ien t p h e n o m e n a . T h i s w o u l d not , h o w e v e r , m a k e 

t h e m n e g l i g i b l e : i f g e n o m e s a r e r i d d l e d w i t h o u t l a w - s u p p r e s s i n g genes , this, 

i n itself, i s an i m p o r t a n t effect o f o u t l a w genes , e v e n i f no t r ace r e m a i n s o f 

the i r o r i g i n a l p h e n o t y p i c effects. I sha l l discuss the r e l e v a n c e of modi f ie r 

g e n e s in a l a te r s ec t i on . 

T h e r e is a sense in w h i c h a ' v e h i c l e ' is w o r t h y of the n a m e in inverse 

p r o p o r t i o n t o the n u m b e r o f o u t l a w rep l i ca to r s tha t i t c o n t a i n s . T h e idea o f 

a d i sc re t e v e h i c l e m a x i m i z i n g a u n i t a r y q u a n t i t y — f i t n e s s — d e p e n d s on the 

a s s u m p t i o n tha t the r ep l i ca to r s t ha t i t serves al l s t and to g a i n from the s a m e 

p rope r t i e s a n d b e h a v i o u r o f the i r sha red v e h i c l e . I f s o m e rep l i ca to r s w o u l d 

benef i t f rom the v e h i c l e ' s d o i n g a c t X , w h i l e o t h e r r ep l i ca to r s w o u l d benefi t 

f rom its d o i n g a c t Y, t h a t v e h i c l e i s c o r r e s p o n d i n g l y less l ike ly to b e h a v e as a 

c o h e r e n t un i t . I t w i l l h a v e the a t t r ibu tes o f a h u m a n o r g a n i z a t i o n tha t i s 

g o v e r n e d by a q u a r r e l s o m e c o m m i t t e e — p u l l e d this w a y a n d tha t , a n d 

u n a b l e t o s h o w dec i s iveness a n d cons i s t ency o f p u r p o s e . 

T h e r e i s a super f i c ia l a n a l o g y he re w i t h g r o u p se lec t ion . O n e of the 

p r o b l e m s o f the t h e o r y tha t g r o u p s o f o r g a n i s m s func t ion a s effect ive g e n e 

v e h i c l e s i s tha t o u t l a w s (from the g r o u p ' s po in t o f v i e w ) are v e r y l ike ly to 

ar ise a n d b e f a v o u r e d b y se l ec t ion . I f w e are h y p o t h e s i z i n g the e v o l u t i o n o f 

i n d i v i d u a l res t ra in t t h r o u g h g r o u p se lec t ion , a g e n e tha t m a k e s i n d i v i d u a l s 

b e h a v e selfishly in an o t h e r w i s e a l t ru is t ic g r o u p i s a n a l o g o u s to an o u t l a w . I t 

i s the n e a r i n e v i t a b i l i t y o f such ' o u t l a w s ' a r i s ing tha t has d a s h e d the hopes o f 

m a n y a g r o u p se l ec t ion m o d e l l e r . 

T h e i n d i v i d u a l b o d y i s a m u c h m o r e pe r suas ive g e n e v e h i c l e than the 

g r o u p b e c a u s e , a m o n g o t h e r reasons , o u t l a w rep l i ca to r s w i t h i n the b o d y are 

no t v e r y l i ke ly t o b e s t r o n g l y f a v o u r e d o v e r the i r a l l e les . T h e f u n d a m e n t a l 

r eason for this i s the d r i l l ed fo rma l i t y of the m e c h a n i s m s of i n d i v i d u a l 

r e p r o d u c t i o n , the ' g a v o t t e o f c h r o m o s o m e s ' a s H a m i l t o n ( 1 9 7 5 b ) ca l l ed it. I f 

a l l r e p l i c a t o r s ' k n o w ' t ha t the i r o n l y h o p e o f g e t t i n g in to the n e x t g e n e r a t i o n 

i s v i a the o r t h o d o x b o t t l e n e c k o f i n d i v i d u a l r e p r o d u c t i o n , a l l w i l l h a v e the 

s a m e ' in teres ts a t h e a r t ' ; s u r v i v a l o f the sha red b o d y t o r e p r o d u c t i v e a g e , 
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successful cou r t sh ip a n d r e p r o d u c t i o n of the sha red b o d y , a n d a successful 

o u t c o m e to the p a r e n t a l en te rpr i se o f the s h a r e d b o d y . E n l i g h t e n e d self-

interest d i s c o u r a g e s o u t l a w r y w h e n all r ep l i ca to r s h a v e a n e q u a l s t ake i n the 

n o r m a l r e p r o d u c t i o n o f the s a m e sha red b o d y . 

W h e r e r e p r o d u c t i o n i s a s e x u a l the s take i s e q u a l a n d to t a l , for a l l 

rep l ica tors h a v e the s a m e 100 per c e n t c h a n c e o f f ind ing t h e m s e l v e s i n e v e r y 

ch i ld p r o d u c e d by the i r j o i n t efforts. W h e r e r e p r o d u c t i o n i s s e x u a l the 

c o r r e s p o n d i n g c h a n c e for e a c h r e p l i c a t o r i s o n l y h a l f a s g r e a t , b u t the 

r i tua l i zed cour t l iness o f meios is , H a m i l t o n ' s ' g a v o t t e ' , l a r g e l y s u c c e e d s i n 

g u a r a n t e e i n g t o e a c h a l l e le a n e q u a l c h a n c e o f r e a p i n g the benef i t s o f the 

success o f the j o i n t r e p r o d u c t i v e en te rpr i se . I t is, o f cour se , a n o t h e r q u e s t i o n 

why the g a v o t t e of the c h r o m o s o m e s is so c o u r t l y . I t is an i m m e n s e l y 

i m p o r t a n t ques t i on w h i c h I shal l e v a d e on a s i m p l e p l e a of c o w a r d i c e . I t i s o n e 

o f a set o f ques t ions a b o u t the e v o l u t i o n o f g e n e t i c sys tems w i t h w h i c h be t t e r 

minds than m i n e h a v e wres t l ed m o r e o r less unsuccess fu l ly ( W i l l i a m s 1 9 7 5 , 

1980; M a y n a r d S m i t h 1 9 7 8 a ) , a set o f ques t i ons w h i c h m o v e d W i l l i a m s t o 

r e m a r k tha t ' t he re is a k ind of crisis a t h a n d in e v o l u t i o n a r y b i o l o g y ' . I d o n ' t 

unde r s t and w h y meiosis i s the w a y i t is, b u t g i v e n tha t i t i s m u c h fo l lows . In 

pa r t i cu l a r the o r g a n i z e d f a i r - d e a l i n g o f meios is he lps to a c c o u n t for the 

c o h e r e n c e a n d h a r m o n y w h i c h uni tes the par t s o f an i n d i v i d u a l o r g a n i s m . If, 

a t the l eve l o f the group o f i n d i v i d u a l s as p o t e n t i a l v e h i c l e , the p r i v i l e g e o f 

r e p r o d u c t i o n w a s g r a n t e d w i t h the s a m e s c r u p u l o u s p r o b i t y in a s i m i l a r l y 

we l l -d i s c ip l i ned ' g a v o t t e o f the o r g a n i s m s ' , g r o u p se lec t ion m i g h t b e c o m e a 

m o r e p l aus ib l e t heo ry o f e v o l u t i o n . Bu t , w i t h the poss ib le e x c e p t i o n o f the 

v e r y spec ia l case o f the soc ia l insects , g r o u p ' r e p r o d u c t i o n ' i s a n a r c h i c a l a n d 

f a v o u r a b l e t o i n d i v i d u a l o u t l a w r y . E v e n soc ia l insec t c o l o n i e s w i l l n e v e r 

seem fully h a r m o n i o u s a g a i n after T r i v e r s a n d H a r e ' s i n g e n i o u s ana lys i s o f 

sex ra t io confl ic ts (see C h a p t e r 4 ) . 

T h i s cons ide ra t i on tells u s w h e r e we shou ld l ook first i f we w a n t t o d i s c o v e r 

o u t l a w s w i t h i n the i n d i v i d u a l b o d y a s v e h i c l e . A n y r e p l i c a t o r t ha t m a n a g e d 

to subve r t the rules of meios is so tha t i t e n j o y e d m o r e t h a n the o r d a i n e d 50 

per cen t c h a n c e o f e n d i n g up in a g a m e t e w o u l d , o t h e r th ings b e i n g e q u a l , t end 

to be f a v o u r e d o v e r its a l le les in n a t u r a l s e l ec t ion . S u c h g e n e s a r e k n o w n to 

genet ic is ts u n d e r the n a m e of m e i o t i c d r i v e g e n e s or s e g r e g a t i o n d is tor ters . I 

h a v e a l r e a d y used t h e m a s an e x a m p l e t o i l lus t ra te my de f in i t i on o f an 

o u t l a w . 

'Genes that beat the system' 

T h e a c c o u n t o f s e g r e g a t i o n dis tor ters tha t I sha l l m a i n l y fo l l ow i s tha t o f 

C r o w ( 1 9 7 9 ) , w h o uses l a n g u a g e c o n g e n i a l t o the spir i t o f this b o o k . H i s 

p a p e r i s ca l l ed ' G e n e s tha t v i o l a t e M e n d e l ' s ru l e s ' , a n d i t ends a s f o l l o w s : 

' T h e M e n d e l i a n sys tem w o r k s w i t h m a x i m u m eff ic iency o n l y i f i t i s 

s c rupu lous ly fair to all genes . I t i s in c o n s t a n t d a n g e r , h o w e v e r , o f b e i n g 
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upse t by g e n e s tha t s u b v e r t the me io t i c process t o their o w n 

a d v a n t a g e . . . T h e r e a re m a n y re f inements of meiosis a n d s p e r m format ion 

w h o s e p u r p o s e i s a p p a r e n t l y t o r e n d e r such c h e a t i n g un l i ke ly . A n d ye t some 

genes h a v e m a n a g e d t o b e a t the s y s t e m . ' 

C r o w sugges t s t ha t s e g r e g a t i o n dis tor ters m a y b e m u c h m o r e c o m m o n 

t h a n w e o r d i n a r i l y r e a l i z e , for the m e t h o d s o f gene t ic i s t s a re no t w e l l g e a r e d 

to d e t e c t i n g t h e m , e s p e c i a l l y i f t hey p r o d u c e o n l y s l igh t , q u a n t i t a t i v e effects. 

T h e SD g e n e s in Drosophila a re p a r t i c u l a r l y w e l l s t ud i ed , a n d he re there is 

s o m e i n d i c a t i o n a s t o the a c t u a l m e c h a n i s m o f d i s to r t ion . ' W h i l e the 

h o m o l o g o u s c h r o m o s o m e s are still p a i r e d u p d u r i n g meios is , the S D 

c h r o m o s o m e m i g h t do something to its n o r m a l p a r t n e r (and r iva l ) that la te r 

causes a d y s f u n c t i o n o f the s p e r m r e c e i v i n g the n o r m a l c h r o m o s o m e . . . S D 

m i g h t a c t u a l l y b r e a k the o t h e r c h r o m o s o m e ' ( C r o w 1 9 7 9 , m y m a c a b r e 

e m p h a s i s ) . T h e r e i s e v i d e n c e tha t , i n S D - h e t e r o z y g o u s i n d i v i d u a l s , sperms 

no t c o n t a i n i n g the S D c h r o m o s o m e h a v e a b n o r m a l , a n d p r e s u m a b l y faul ty , 

ta i ls . I t m i g h t be t h o u g h t , t hen , tha t the fau l ty tai l results f rom some 

s a b o t a g e t o the n o n - S D c h r o m o s o m e i n the spe rms c o n t a i n i n g it. T h i s c a n n o t 

b e the w h o l e s tory , a s C r o w po in t s ou t , b e c a u s e sperms h a v e been s h o w n t o 

b e c a p a b l e o f d e v e l o p i n g n o r m a l tai ls w i t h o u t a n y c h r o m o s o m e s a t a l l . 

I n d e e d , the w h o l e s p e r m p h e n o t y p e seems usua l l y t o be u n d e r the con t ro l o f 

the d i p l o i d g e n o t y p e o f the fa ther , no t its o w n h a p l o i d g e n o t y p e (Bea t ty & 

G l u e c k s o h n - W a e l s c h 1 9 7 2 ; see b e l o w ) . ' T h e effect o f the S D c h r o m o s o m e o n 

its h o m o l o g u e c a n n o t , then , be s i m p l y to i n a c t i v a t e s o m e func t ion , b e c a u s e 

no func t i on i s r e q u i r e d . SD mus t s o m e h o w i n d u c e its p a r t n e r to c o m m i t a 

pos i t i ve a c t o f s a b o t a g e . ' 

S e g r e g a t i o n d is tor te rs p r o s p e r w h e n ra re , b e c a u s e the c h a n c e s a re then 

g o o d t h a t the i r v i c t i m s a re a l le les , no t cop ie s . W h e n c o m m o n , the dis tor ter 

t ends t o o c c u r h o m o z y g o u s l y , a n d therefore s a b o t a g e s cop ies o f itself, m a k i n g 

the o r g a n i s m v i r t u a l l y s ter i le . T h e s tory i s m o r e c o m p l i c a t e d t han this, bu t 

c o m p u t e r s i m u l a t i o n s d e s c r i b e d by C r o w sugges t tha t a s t ab le p r o p o r t i o n o f 

s e g r e g a t i o n d i s to r t e r g e n e s w i l l be m a i n t a i n e d a t a f r e q u e n c y s o m e w h a t 

g r e a t e r t h a n w o u l d b e a c c o u n t e d for b y r e c u r r e n t m u t a t i o n a lone . T h e r e i s 

s o m e e v i d e n c e tha t this is so in r ea l l ife. 

In o r d e r to q u a l i f y as an o u t l a w , a s e g r e g a t i o n d is tor te r m u s t do h a r m to 

mos t o f the rest o f the g e n o m e , not j u s t to its a l le les . S e g r e g a t i o n distorters 

c o u l d h a v e this effect b y r e d u c i n g the to ta l g a m e t e c o u n t o f the i n d i v i d u a l . 

E v e n i f t hey d i d no t do this, the re i s a m o r e g e n e r a l r eason for e x p e c t i n g 

the re t o be s e l ec t i on a t o t h e r loc i i n f a v o u r o f suppress ing t h e m ( C r o w 1 9 7 9 ) . 

T h e a r g u m e n t needs t o b e d e v e l o p e d s tage b y s t age . F i r s t ly m a n y genes , 

w h e n c o m p a r e d w i t h the i r a l l e les , h a v e seve ra l p l e io t rop i c effects. L e w o n t i n 

( 1 9 7 4 ) goes so far as to s p e a k of ' . . . the u n d o u b t e d t ru th tha t e v e r y g e n e 

affects e v e r y c h a r a c t e r . . . ' . W h i l e t o ca l l this an ' u n d o u b t e d t ru th ' m a y be , 
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to p u t i t m i l d l y , an en thus ias t ic e x a g g e r a t i o n , for my p u r p o s e s I n e e d o n l y 

assume tha t mos t n e w m u t a t i o n s h a v e s eve ra l p l e i o t r o p i c effects. 

N o w i t i s r e a s o n a b l e to e x p e c t tha t mos t such p l e i o t r o p i c effects w i l l be 

d e l e t e r i o u s — m u t a t i o n a l effects u s u a l l y a re . I f a g e n e i s f a v o u r e d by se l ec t ion 

resu l t ing from o n e benef ic ia l effect, this w i l l be b e c a u s e the a d v a n t a g e s o f its 

benef ic ia l effect q u a n t i t a t i v e l y o u t w e i g h the d i s a d v a n t a g e s o f its o t h e r effects. 

N o r m a l l y , b y ' b e n e f i c i a l ' a n d ' de l e t e r i ous ' , w e m e a n b e n e f i c i a l a n d 

de le te r ious to the w h o l e o r g a n i s m . In the case of a s e g r e g a t i o n d is tor te r , 

h o w e v e r , the benef ic ia l effect we a re t a l k i n g a b o u t i s bene f i c i a l t o the g e n e 

a lone . A n y p l e i o t r o p i c effects t ha t i t m a y h a v e o n the b o d y a re p r e t t y l i ke ly 

t o be de l e t e r ious t o the w h o l e b o d y ' s s u r v i v a l a n d r e p r o d u c t i o n . S e g r e g a t i o n 

distorters a re therefore , o n the w h o l e , l ike ly t o b e o u t l a w s : w e e x p e c t t ha t 

se lect ion wi l l f a v o u r genes a t o the r loc i w h o s e p h e n o t y p i c effect i s to r e d u c e 

the s e g r e g a t i o n d i s to r t ion . T h i s b r ings us to the t op i c o f modi f i e r s . 

Modifiers 
T h e classic p r o v i n g g r o u n d for the t heo ry o f m o d i f i e r g e n e s w a s R . A . 

Fisher ' s e x p l a n a t i o n o f the e v o l u t i o n o f d o m i n a n c e . F i s h e r ( 1 9 3 0 a , b u t see 

C h a r l e s w o r t h 1979) sugges t ed tha t the bene f i c i a l effects o f a g i v e n g e n e t end 

to b e c o m e d o m i n a n t t h r o u g h the se lec t ion o f modi f i e r s , w h i l e its d e l e t e r i o u s 

effects tend t o b e c o m e recess ive . He no t ed tha t d o m i n a n c e a n d recess iveness 

are not p roper t i e s o f genes t hemse lves , b u t p rope r t i e s o f the i r p h e n o t y p i c 

effects. I n d e e d a g i v e n g e n e c a n be d o m i n a n t in o n e of its p l e i o t r o p i c effects 

a n d recess ive in a n o t h e r . A p h e n o t y p i c effect of a g e n e is the j o i n t p r o d u c t of 

i tself a n d its e n v i r o n m e n t , an e n v i r o n m e n t w h i c h i n c l u d e s the rest o f the 

g e n o m e . T h i s i n t e r a c t i v e v i e w o f g e n e a c t i o n , w h i c h F i s h e r h a d t o a r g u e for 

a t l e n g t h in 1930, h a d b e c o m e so w e l l a c c e p t e d by 1958 tha t he w a s a b l e to 

take i t for g r a n t e d in the s econd ed i t i on of his g r e a t b o o k . I t fo l lows f rom i t 

that d o m i n a n c e o r recess iveness , l ike a n y o t h e r p h e n o t y p i c effect , m a y i t se l f 

e v o l v e , t h r o u g h the se lec t ion o f o the r g e n e s e l s e w h e r e i n the g e n o m e , a n d this 

w a s the basis o f F i sher ' s t heo ry o f d o m i n a n c e . A l t h o u g h these o t h e r g e n e s a re 

k n o w n as modi f ie rs , i t i s n o w r e a l i z e d tha t the re i s no s e p a r a t e c a t e g o r y of 

modif ier g e n e s a s d i s t inc t f rom m a j o r genes . R a t h e r , a n y g e n e m a y se rve a s 

modif ier o f the p h e n o t y p i c effects o f a n y o t h e r g e n e . I n d e e d , a n y g i v e n g e n e ' s 

p h e n o t y p i c effects a re suscep t ib l e to m o d i f i c a t i o n by m a n y o t h e r g e n e s in the 

g e n o m e , genes w h i c h t hemse lve s m a y h a v e m a n y o t h e r m a j o r a n d m i n o r 

effects ( M a y r 1963 ) . M o d i f i e r s h a v e b e e n i n v o k e d for v a r i o u s o t h e r 

theore t i ca l pu rposes , for i n s t ance in the M e d a w a r / W i l l i a m s / H a m i l t o n 

progress ion o f theor ies o f the e v o l u t i o n o f s enescence ( K i r k w o o d & H o l l i d a y 

1979) -

T h e r e l e v a n c e o f modif ie rs t o the sub jec t o f o u t l a w g e n e s has a l r e a d y b e e n 

a l l u d e d to . S i n c e a n y g e n e ' s p h e n o t y p i c effects m a y b e s u b j e c t t o 
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m o d i f i c a t i o n by g e n e s a t o t h e r loc i , a n d s ince o u t l a w s , by def in i t ion , w o r k t o 

the d e t r i m e n t o f the rest o f the g e n o m e , we shou ld e x p e c t se lec t ion t o favour 

g e n e s t ha t h a p p e n to h a v e the effect o f n e u t r a l i z i n g the o u t l a w ' s de le te r ious 

effects on the b o d y as a w h o l e . S u c h modif ie rs w o u l d be f a v o u r e d o v e r al le les 

tha t d id no t i n f l u e n c e the o u t l a w ' s effects. H i c k e y a n d C r a i g ( 1 9 6 6 ) , s t u d y i n g 

a s ex - r a t i o d i s t o r t i n g g e n e (see b e l o w ) in the y e l l o w - f e v e r m o s q u i t o Aedes 

aegypti, f o u n d e v i d e n c e for e v o l u t i o n a r y d i m i n u t i o n of the d i s to r t ing effect 

w h i c h c o u l d be i n t e r p r e t e d a s r esu l t ing from the se lec t ion o f modif iers 

( t h o u g h the i r o w n i n t e r p r e t a t i o n w a s s l igh t ly d i f ferent ) . I f o u t l a w s d o , i n 

g e n e r a l , c a l l for th the se lec t ion o f suppress ing modi f ie rs , there wi l l 

p r e s u m a b l y b e a n a r m s r a c e b e t w e e n e a c h o u t l a w a n d its modif ie rs . 

A s i n a n y o t h e r a r m s r a c e ( C h a p t e r 4 ) , w e n o w ask w h e t h e r there i s a n y 

g e n e r a l r eason to e x p e c t o n e side t o p r e v a i l o v e r the o the r . L e i g h ( 1 9 7 1 , 

1 9 7 7 ) , A l e x a n d e r a n d B o r g i a ( 1 9 7 8 ) , K u r l a n d ( 1 9 7 9 , 1980) , H a r t u n g (in 

press) , a n d o thers sugges t t ha t there is j u s t such a g e n e r a l r eason . S i n c e , for 

a n y s ing le o u t l a w , supp re s s ing modif ie rs m a y ar ise a n y w h e r e i n the g e n o m e , 

the o u t l a w w i l l be o u t n u m b e r e d . As L e i g h (1971 ) puts it , ' I t i s a s i f we had to 

do w i t h a p a r l i a m e n t o f g e n e s : e a c h ac t s in its o w n self- interest , b u t i f its acts 

h u r t the o thers , t h e y w i l l c o m b i n e t oge the r t o suppress i t . . . H o w e v e r , a t loci 

so c lo se ly l i n k e d to a d i s to r te r tha t the benefi ts of " r i d i n g its c o a t t a i l s " 

o u t w e i g h the d a m a g e o f its d i sease , se l ec t ion tends to e n h a n c e the dis tor t ion 

effect. T h u s a spec ies mus t h a v e m a n y c h r o m o s o m e s if, w h e n a dis tor ter 

arises, s e l ec t ion at mos t l oc i is to f avor its suppress ion . Jus t as too smal l a 

p a r l i a m e n t m a y be p e r v e r t e d by the C a b a l s o f a few, a spec ies w i t h o n l y one , 

s l i gh t ly l i n k e d c h r o m o s o m e i s an easy p r e y to d is tor te rs ' ( L e i g h 1971 , p . 

249 ) . I am no t sure w h a t I th ink a b o u t L e i g h ' s po in t a b o u t c h r o m o s o m e 

n u m b e r s , b u t his m o r e g e n e r a l po in t tha t the re i s s o m e sense in w h i c h 

o u t l a w s m a y b e ' o u t n u m b e r e d ' ( A l e x a n d e r & B o r g i a 1978 , p . 458) b y their 

modi f i e r s seems to me to h a v e p romise . 

I suppose ' o u t n u m b e r i n g ' c o u l d , i n p r a c t i c e , w o r k in t w o m a i n w a y s . 

F i r s t ly , i f d i f ferent modi f i e r s e a c h cause a q u a n t i t a t i v e d i m i n u t i o n of the 

o u t l a w ' s effect, s e v e r a l modi f i e r s m i g h t c o m b i n e a d d i t i v e l y . S e c o n d l y , i f a n y 

o n e o f s e v e r a l modi f i e r s w o u l d suffice t o n e u t r a l i z e the o u t l a w , the c h a n c e o f 

ef fec t ive n e u t r a l i z a t i o n goes u p w i t h the n u m b e r o f a v a i l a b l e modi f ie r loc i . 

A l e x a n d e r a n d B o r g i a ' s m e t a p h o r o f ' o u t n u m b e r i n g ' , a n d L e i g h ' s m e t a p h o r 

o f the p o w e r o f the c o l l e c t i v e i n a ' p a r l i a m e n t ' o f the m a n y , c o u l d be g i v e n 

m e a n i n g in e i the r o r b o t h o f these t w o w a y s . I t i s i m p o r t a n t for the a r g u m e n t 

t ha t s e g r e g a t i o n d is tor ters a t different loc i c o u l d not , in a n y o b v i o u s sense, 

' p o o l the i r efforts ' . T h e y a r e no t w o r k i n g for s o m e c o m m o n end o f ' gene ra l 

s e g r e g a t i o n d i s t o r t i o n ' . R a t h e r , e a c h o n e i s w o r k i n g to d is tor t s eg rega t i on in 

f a v o u r o f itself, a n d this w i l l hu r t o t h e r s e g r e g a t i o n dis tor ters j u s t a s m u c h as 

i t hur t s non-d i s to r t e r s . Suppres so r s o f s e g r e g a t i o n dis tor ters , on the o the r 

h a n d , c o u l d , in a sense, p o o l the i r efforts. 
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T h e p a r l i a m e n t o f g e n e s i s o n e o f those m e t a p h o r s w h i c h , i f w e a re no t 

careful , t r icks us in to t h i n k i n g tha t i t e x p l a i n s m o r e t h a n i t does . L i k e all 

h u m a n s , bu t u n l i k e genes , h u m a n M e m b e r s o f P a r l i a m e n t a re h i g h l y 

sophis t i ca ted c o m p u t e r s c a p a b l e o f u s ing fores ight a n d l a n g u a g e t o consp i r e 

and r each a g r e e m e n t s . O u t l a w s m a y s e e m t o b e suppres sed b y a g r e e m e n t o f 

a co l l e c t i ve in the p a r l i a m e n t of genes , b u t w h a t i s r e a l l y g o i n g on i s the 

se lec t ion o f mod i f i e r g e n e s in p r e f e r ence to n o n - m o d i f y i n g a l l e l es a t the i r 

r espec t ive loc i . N e e d l e s s t o say , L e i g h a n d the o t h e r a d v o c a t e s o f the 

' p a r l i a m e n t o f g e n e s ' h y p o t h e s i s a re w e l l a w a r e o f this . I n o w w a n t t o e x t e n d 

the list of o u t l a w s . 

Sex-linked outlaws 
I f a s eg rega t i on d i s tor te r o c c u r s on a sex c h r o m o s o m e , i t i s no t o n l y an 

o u t l a w in conf l i c t w i t h the rest o f the g e n o m e a n d the re fore sub jec t t o 

suppress ion by m o d i f i e r s : i t a l so , i n c i d e n t a l l y , t h r e a t e n s the w h o l e 

p o p u l a t i o n w i t h e x t i n c t i o n . T h i s i s b e c a u s e , i n a d d i t i o n to o r d i n a r y 

d e t r i m e n t a l side effects, i t a l so distorts the sex ra t io , a n d m a y e v e n e l i m i n a t e 

one sex f rom the p o p u l a t i o n a l t o g e t h e r . I n o n e o f H a m i l t o n ' s ( 1 9 6 7 ) 

c o m p u t e r s imu la t i ons , a s ingle m u t a n t m a l e w i t h a ' d r i v i n g Y ' c h r o m o s o m e 

c a u s i n g m a l e s to h a v e o n l y sons a n d no d a u g h t e r s , w a s i n t r o d u c e d i n to a 

p o p u l a t i o n o f 1000 m a l e s a n d 1000 females . I t took o n l y f i f t een g e n e r a t i o n s 

to d r ive the m o d e l p o p u l a t i o n e x t i n c t for l a c k o f f ema le s . S o m e t h i n g l ike this 

effect has been d e m o n s t r a t e d i n the l a b o r a t o r y ( L y t t l e 1 9 7 7 ) . T h e poss ib i l i ty 

of us ing a d r i v i n g Y g e n e in the con t ro l of ser ious pests l ike the y e l l o w - f e v e r 

m o s q u i t o d id not e s c a p e H i c k e y a n d C r a i g ( 1 9 6 6 ) . I t i s a m e t h o d w i t h 

sinister e l e g a n c e b e c a u s e i t i s so c h e a p : a l l the w o r k of s p r e a d i n g the pes t 

cont ro l a g e n t i s d o n e by the pests t hemse lve s t o g e t h e r w i t h n a t u r a l s e l ec t ion . 

I t i s l ike ' g e r m w a r f a r e ' e x c e p t tha t the l e tha l ' g e r m ' i s no t an e x t r a n e o u s 

vi rus bu t a g e n e in the spec ies ' s o w n g e n e - p o o l . P e r h a p s the d i s t i n c t i o n i s no t 

a f u n d a m e n t a l o n e a n y w a y ( C h a p t e r 9 ) . 

X - l i n k e d d r i v e i s l ike ly to h a v e the s a m e sort o f d e t r i m e n t a l effect on 

p o p u l a t i o n s a s Y - l i n k e d d r i v e , bu t tends to t ake m o r e g e n e r a t i o n s to 

ex t ingu i sh the p o p u l a t i o n ( H a m i l t o n 1 9 6 7 ) . T h e d r i v i n g g e n e o n a n X 

c h r o m o s o m e causes m a l e s t o h a v e d a u g h t e r s r a t h e r t h a n sons ( e x c e p t i n 

birds , L e p i d o p t e r a , e t c . ) . A s w e s a w i n C h a p t e r 4 , i f h a p l o i d m a l e 

H y m e n o p t e r a c o u l d in f luence the a m o u n t o f c a r e d e v o t e d t o the i r spouses ' 

offspring, they w o u l d f a v o u r d a u g h t e r s r a the r t h a n sons, s ince m a l e s pass no 

genes on to sons. T h e m a t h e m a t i c s o f this s i tua t ion a r e a n a l o g o u s to the case 

o f X - l i n k e d d r i v e , the w h o l e g e n o m e o f the m a l e h y m e n o p t e r a n f u n c t i o n i n g 

like an X c h r o m o s o m e ( H a m i l t o n 1967 , p . 481 a n d foo tno te 1 8 ) . 

I t i s often the case tha t X c h r o m o s o m e s cross o v e r w i t h e a c h o t h e r b u t no t 

w i t h Y c h r o m o s o m e s . I t fo l lows tha t a l l g e n e s on X c h r o m o s o m e s c o u l d s t and 

to g a i n from the p r e sence in the g e n e - p o o l of a d r i v i n g X g e n e w h i c h dis tor ts 
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g a m e t o g e n e s i s in the h e t e r o g a m e t i c sex in f a v o u r of X g a m e t e s a n d aga ins t Y 

g a m e t e s . G e n e s on X c h r o m o s o m e s are , in a sense, u n i t e d aga ins t Y genes , in 

a k ind o f ' an t i l i n k a g e g r o u p ' , s i m p l y b e c a u s e t hey h a v e no c h a n c e o f f i nd ing 

t h e m s e l v e s on a Y c h r o m o s o m e . M o d i f i e r s to suppress X - l i n k e d me io t i c d r ive 

in the h e t e r o g a m e t i c sex m i g h t w e l l no t be f a v o u r e d i f they arose a t o the r loci 

on X c h r o m o s o m e s . T h e y w o u l d be f a v o u r e d i f they arose on au tosomes . 

T h i s i s d i f ferent f rom the case of s e g r e g a t i o n dis tor ters on a u t o s o m e s : he re 

the re m i g h t w e l l be s e l ec t ion i n f a v o u r o f suppress ing t h e m by modif iers a t 

o t h e r loc i e v e n o n the s a m e c h r o m o s o m e . X - l i n k e d dis tor ters affect ing 

g a m e t e p r o d u c t i o n in the h e t e r o g a m e t i c sex a re , t hen , o u t l a w s from the 

p o i n t o f v i e w o f the a u t o s o m a l pa r t o f the g e n e - p o o l , bu t no t f rom the poin t 

o f v i e w o f the rest o f the X - c h r o m o s o m a l pa r t o f the g e n e - p o o l . T h i s po ten t i a l 

' s o l i d a r i t y ' a m o n g the g e n e s on sex c h r o m o s o m e s sugges ts tha t the c o n c e p t o f 

the o u t l a w g e n e m a y be too s imp le . I t c o n v e y s the i m a g e o f a s ingle rebel 

s t a n d i n g o u t a g a i n s t the rest o f the g e n o m e . A t t imes w e m i g h t , ins tead , d o 

be t t e r to t h ink in t e rms o f w a r s b e t w e e n r iva l g a n g s o f g e n e s , for ins t ance the 

X - c h r o m o s o m e g e n e s a g a i n s t the rest . C o s m i d e s a n d T o o b y (1981) co in the 

useful t e r m ' c o r e p l i c o n ' for such a g a n g of g e n e s tha t r e p l i c a t e t oge the r a n d 

therefore t end to w o r k for the s a m e ends . In m a n y cases n e i g h b o u r i n g 

c o r e p l i c o n s w i l l b l u r i n to e a c h o the r . 

G a n g i n g u p b y Y - c h r o m o s o m e genes i s e v e n m o r e t o b e e x p e c t e d . A s l o n g 

as Y c h r o m o s o m e s do no t cross o v e r , i t is c l e a r tha t a l l genes on a Y 

c h r o m o s o m e s t and to g a i n from the p re sence o f a Y - l i n k e d d is tor te r e v e r y bi t 

a s m u c h a s the d i s to r t e r g e n e itself. H a m i l t o n ( 1 9 6 7 ) m a d e the in te res t ing 

s u g g e s t i o n tha t the r ea son for the w e l l - k n o w n iner tness of Y c h r o m o s o m e s 

(ha i ry ears seems to be the o n l y c o n s p i c u o u s Y - l i n k e d t ra i t i n m a n ) i s tha t Y-

supp re s s ing modi f i e r s h a v e b e e n pos i t ive ly se l ec ted e l s e w h e r e in the g e n o m e . 

I t i s no t o b v i o u s h o w a mod i f i e r m i g h t go a b o u t suppress ing the p h e n o t y p i c 

a c t i v i t y o f an en t i r e c h r o m o s o m e , s ince the v a r i o u s p h e n o t y p i c effects o f a 

s ing le c h r o m o s o m e a r e u s u a l l y s o h e t e r o g e n e o u s . ( W h y w o u l d se lec t ion not 

suppress o n l y the effects o f the d r i v i n g g e n e s , l e a v i n g o t h e r Y - l i n k e d effects 

i n t a c t ? ) I s u p p o s e i t m i g h t do i t by p h y s i c a l l y d e l e t i n g l a r g e c h u n k s of Y 

c h r o m o s o m e , o r by c o n t r i v i n g to q u a r a n t i n e the Y c h r o m o s o m e from the 

ce l l ' s t r a n s c r i p t i o n m a c h i n e r y . 

A w e i r d e x a m p l e of a d r i v i n g r e p l i c a t o r w h i c h is p r o b a b l y no t a g e n e in 

the o r d i n a r y sense o f the w o r d i s g i v e n b y W e r r e n , S k i n n e r a n d C h a r n o v (in 

p r e p a r a t i o n ) . T h e y s t ud i ed the pa ra s i t o id w a s p Nasonia vitripennis, in w h i c h 

the re i s a v a r i e t y o f m a l e s c a l l e d D l , o r ' d a u g h t e r l e s s ' . W a s p s b e i n g 

h a p l o d i p l o i d , m a l e s pass the i r genes o n l y to d a u g h t e r s : a m a l e ' s m a t e m a y 

h a v e sons, b u t those sons a re h a p l o i d a n d father less . W h e n D l ma le s m a t e 

w i t h f emales , t h e y c a u s e t h e m to p r o d u c e all m a l e b roods . M o s t o f the sons o f 

f emales m a t e d t o D l m a l e s a re t hemse lve s D l m a l e s . A l t h o u g h n o n u c l e a r 

g e n e s pass from fa ther to son, therefore , the Dl fac to r s o m e h o w does pass 
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f r o m father t o ' son ' . T h e D l f ac to r r a p i d l y sp reads , i n e x a c t l y the s a m e w a y 

as a d r i v i n g Y c h r o m o s o m e w o u l d . I t i s no t k n o w n w h a t the Dl f ac to r 

p h y s i c a l l y consists of. I t i s c e r t a i n l y no t n u c l e a r g e n e t i c m a t e r i a l , a n d i t i s 

t heo re t i ca l l y poss ib le tha t i t i s no t e v e n c o m p o s e d o f n u c l e i c a c i d , a l t h o u g h 

W e r r e n e t al. suspec t t ha t i t p r o b a b l y is c y t o p l a s m i c a l l y b o r n e n u c l e i c a c i d . 

T h e o r e t i c a l l y , any k ind o f p h y s i c a l o r c h e m i c a l i n f l u e n c e o f a Dl m a l e on his 

m a t e , w h i c h causes he r to h a v e Dl sons, w o u l d s p r e a d l ike a d r i v i n g Y 

c h r o m o s o m e , a n d w o u l d qua l i fy a s an a c t i v e g e r m - l i n e r e p l i c a t o r i n the sense 

of C h a p t e r 5. I t is a lso an o u t l a w par excellence, for i t sp r eads i tse l f at the to ta l 

expense o f a l l the n u c l e a r g e n e s in the m a l e s t ha t b e a r it. 

Selfish sperm 
W i t h s o m e e x c e p t i o n s , a l l the d i p l o i d ce l l s o f a n o r g a n i s m a r e g e n e t i c a l l y 

i den t i ca l , b u t the h a p l o i d g a m e t e s i t p r o d u c e s a re a l l d i f ferent . O n l y o n e o u t 

o f m a n y spe rms in an e j a c u l a t e c a n fer t i l ize an e g g , a n d the re i s the re fore 

po ten t i a l for c o m p e t i t i o n a m o n g t h e m . A n y g e n e t h a t f ound p h e n o t y p i c 

express ion w h e n in the h a p l o i d s ta te in a s p e r m ce l l c o u l d be f a v o u r e d o v e r 

its a l le les i f i t i m p r o v e d the c o m p e t i t i v e a b i l i t y o f the s p e r m . S u c h a g e n e 

w o u l d no t necessa r i ly b e s e x - l i n k e d : i t c o u l d b e f o u n d o n a n y c h r o m o s o m e . 

I f i t w a s s ex - l i nked i t w o u l d h a v e the effect o f b i a s i n g the sex r a t i o , a n d 

w o u l d be an o u t l a w . I f i t w a s on an a u t o s o m e i t w o u l d sti l l q u a l i f y a s an 

o u t l a w for the g e n e r a l k ind o f r eason a l r e a d y g i v e n for a n y s e g r e g a t i o n 

d is tor te r : ' . . . i f the re w e r e g e n e s a f fec t ing s p e r m - c e l l f unc t i on the re w o u l d b e 

c o m p e t i t i o n a m o n g s p e r m cel l s , a n d a g e n e tha t i m p r o v e d the a b i l i t y to 

fert i l ize w o u l d inc rease in the p o p u l a t i o n . I f s u c h a g e n e h a p p e n e d to c a u s e , 

say, m a l f u n c t i o n o f the l ive r , tha t w o u l d b e j u s t too b a d ; the g e n e w o u l d 

increase a n y w a y , s ince se l ec t ion for g o o d h e a l t h i s m u c h less e f fec t ive t h a n 

se lec t ion b y c o m p e t i t i o n a m o n g s p e r m ce l l s ' ( C r o w 1 9 7 9 ) . T h e r e is, o f 

course , no p a r t i c u l a r r eason w h y a s p e r m c o m p e t i t i o n g e n e s h o u l d h a p p e n to 

cause m a l f u n c t i o n o f the l i ve r bu t , a s a l r e a d y p o i n t e d o u t , mos t m u t a t i o n s 

are de le t e r ious , so s o m e u n d e s i r a b l e s ide effect is p r e t t y l i ke ly . 

W h y does C r o w assert tha t se l ec t ion for g o o d h e a l t h i s m u c h less e f fec t ive 

than se lec t ion b y c o m p e t i t i o n a m o n g s p e r m ce l l s? T h e r e m u s t i n e v i t a b l y b e 

a q u a n t i t a t i v e t r ade-of f i n v o l v i n g the m a g n i t u d e o f the effect on h e a l t h . B u t , 

that as ide , a n d e v e n a l l o w i n g for the c o n t r o v e r s i a l poss ib i l i ty t ha t o n l y a 

mino r i t y o f spe rms are v i a b l e ( C o h e n 1 9 7 7 ) , the a r g u m e n t a p p e a r s t o h a v e 

force b e c a u s e the c o m p e t i t i o n b e t w e e n s p e r m cel ls i n a n e j a c u l a t e w o u l d 

seem to be so f ierce . 

A mi l l i on mi l l i on s p e r m a t o z o a , 

A l l o f t h e m a l i v e : 

O u t o f the i r c a t a c l y s m bu t o n e p o o r N o a h 

D a r e h o p e t o s u r v i v e . 
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A n d o f tha t b i l l i on m i n u s o n e 

M i g h t h a v e c h a n c e d t o b e 

S h a k e s p e a r e , a n o t h e r N e w t o n , a n e w D o n n e — 

B u t the O n e w a s M e . 

S h a m e t o h a v e ous ted y o u r be t ters thus . 

T a k i n g a rk w h i l e the o thers r e m a i n e d o u t s i d e ! 

B e t t e r for a l l o f us, f r o w a r d H o m u n c u l u s , 

I f y o u ' d q u i e t l y d i e d ! 

Aldous Huxley 

O n e m i g h t i m a g i n e tha t a m u t a n t g e n e tha t expressed i tself w h e n in the 

h a p l o i d g e n o t y p e o f a s p e r m a t o z o o n , c a u s i n g inc reased c o m p e t i t i v e ab i l i ty , 

say an i m p r o v e d s w i m m i n g ta i l o r the sec re t ion o f a s p e r m i c i d e to w h i c h the 

s p e r m i t se l f w a s i m m u n e , w o u l d be i m m e d i a t e l y f a v o u r e d by a se lec t ion 

pressure g i g a n t i c e n o u g h t o o u t w e i g h al l b u t the mos t ca t a s t roph ic o f 

d e l e t e r i o u s s ide effects on the d i p l o i d b o d y . B u t a l t h o u g h i t m a y be t rue that 

o n l y o n e i n h u n d r e d s o f mi l l i ons o f sperms ' d a r e h o p e t o s u r v i v e ' , the 

c a l c u l a t i o n looks v e r y different f rom the po in t o f v i e w o f a s ing le g e n e . I f we 

forget l i n k a g e g r o u p s a n d b r a n d - n e w m u t a t i o n s for a m o m e n t , h o w e v e r ra re 

a g e n e m a y be in the g e n e - p o o l , i f a g i v e n m a l e has i t in his d i p l o i d g e n o t y p e , 

a t least 50 p e r c e n t of his spe rms mus t h a v e it. I f o n e spe rm has r e c e i v e d a 

g e n e g i v i n g i t c o m p e t i t i v e a d v a n t a g e , 50 p e r c e n t o f its r iva ls in the same 

e j a c u l a t e w i l l h a v e r e c e i v e d the s a m e g e n e . O n l y i f the m u t a t i o n has ar isen de 

novo d u r i n g the genes i s of a s ingle s p e r m w i l l the se lec t ion pressure be 

a s t r o n o m i c a l in m a g n i t u d e . U s u a l l y i t w i l l be a m o r e m o d e s t se lec t ion 

pressure , no t o f m i l l i o n s t o o n e bu t o n l y t w o to o n e . I f we take l i n k a g e effects 

i n to c o n s i d e r a t i o n the c a l c u l a t i o n i s m o r e c o m p l i c a t e d , a n d the se lec t ion 

pressure i n f a v o u r o f c o m p e t i t i v e spe rms w i l l i nc rease s o m e w h a t . 

In a n y case , i t is a s t r o n g e n o u g h pressure for us to e x p e c t that , i f genes 

expressed t h e m s e l v e s w h e n i n the h a p l o i d g e n o t y p e o f the s p e r m , o u t l a w s 

w o u l d be f a v o u r e d , to the d e t r i m e n t o f the rest o f the genes in the d ip lo id 

fa ther ' s g e n o m e . I t s eems , to say the least , fo r tuna te tha t s p e r m p h e n o t y p e s 

a re , a s a m a t t e r o f fac t , u s u a l l y no t u n d e r the con t ro l o f their o w n h a p l o i d 

g e n o t y p e s ( B e a t t y & G l u e c k s o h n - W a e l s c h 1 9 7 2 ) . O f course s p e r m p h e n o 

types m u s t b e u n d e r s o m e g e n e t i c c o n t r o l , a n d n a t u r a l se lec t ion has 

doub t l e s s w o r k e d on the g e n e s c o n t r o l l i n g s p e r m p h e n o t y p e s t o perfec t spe rm 

a d a p t a t i o n . B u t those g e n e s s e e m to express t hemse lves w h e n in the d ip lo id 

g e n o t y p e o f the fa ther , no t w h e n i n the h a p l o i d g e n o t y p e o f the s p e r m . W h e n 

in the s p e r m t h e y a re pas s ive ly c a r r i e d . 

T h e pass iv i ty o f the i r g e n o t y p e s m a y b e a n i m m e d i a t e c o n s e q u e n c e o f the 

l a c k o f c y t o p l a s m in s p e r m a t o z o a : a g e n e c a n n o t a c h i e v e p h e n o t y p i c 
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express ion e x c e p t v i a c y t o p l a s m . T h i s i s a p r o x i m a l e x p l a n a t i o n . B u t i t i s a t 

least w o r t h t o y i n g w i t h r e v e r s i n g the p r o p o s i t i o n t o o b t a i n a n u l t i m a t e 

func t iona l e x p l a n a t i o n : spe rms are m a d e sma l l , a s a n a d a p t a t i o n t o p r e v e n t 

the p h e n o t y p i c express ion o f the h a p l o i d g e n o t y p e . O n this h y p o t h e s i s w e a re 

p r o p o s i n g an a r m s r a c e b e t w e e n ( h a p l o i d - e x p r e s s e d ) g e n e s for i n c r e a s e d 

c o m p e t i t i v e ab i l i t y a m o n g s p e r m a t o z o a o n the o n e h a n d , a n d g e n e s 

express ing themse lves w h e n i n the d i p l o i d g e n o t y p e o f the f a the r o n the o t h e r 

h a n d , c a u s i n g spe rms t o b e c o m e s m a l l e r a n d therefore u n a b l e t o g i v e 

p h e n o t y p i c express ion t o the i r o w n h a p l o i d g e n o t y p e s . T h i s h y p o t h e s i s does 

no t e x p l a i n w h y eggs a re l a r g e r t h a n s p e r m s ; i t a s sumes the bas i c fact o f 

a n i s o g a m y , a n d therefore does no t asp i re t o be an a l t e r n a t i v e to theor ies o f 

the or ig ins o f a n i s o g a m y ( P a r k e r 1 9 7 8 b ; M a y n a r d S m i t h 1 9 7 8 a ; A l e x a n d e r 

& B o r g i a 1 9 7 9 ) . M o r e o v e r no t a l l spe rms a r e s m a l l , as S i v i n s k i (1980) 

r eminds us in a mos t i n t r i g u i n g r e v i e w . B u t the p resen t e x p l a n a t i o n still 

deserves c o n s i d e r a t i o n as an a n c i l l a r y to o the r s . I t i s a n a l o g o u s to H a m i l t o n ' s 

(1967) e x p l a n a t i o n for the iner tness of Y c h r o m o s o m e s , to w h i c h I h a v e 

a l r e a d y a l l u d e d . 

Green beards and armpits 
S o m e o f the o u t l a w s I h a v e b e e n c o n s i d e r i n g h a v e b e e n rea l i s t i c , a n d a r e 

a c t u a l l y k n o w n to gene t ic i s t s . S o m e o f the sugges t ed o u t l a w s tha t I sha l l n o w 

c o m e to a re , f r ank ly , p r e t t y i m p r o b a b l e . I m a k e no a p o l o g y for this . I see 

t h e m a s t h o u g h t e x p e r i m e n t s . T h e y p l a y the s a m e ro le i n h e l p i n g m e t o th ink 

s t ra ight a b o u t r ea l i ty a s i m a g i n a r y t ra ins t r a v e l l i n g a t n e a r l y the speed o f 

l ight do for phys ic i s t s . 

S o , in this spir i t of t h o u g h t e x p e r i m e n t , i m a g i n e a g e n e on a Y 

c h r o m o s o m e w h i c h m a k e s its possessor ki l l his d a u g h t e r s a n d feed t h e m to his 

sons. T h i s i s c l e a r l y a b e h a v i o u r a l ve r s ion of a d r i v i n g Y - c h r o m o s o m e effect . 

I f i t a rose i t w o u l d t end to sp r ead for the s a m e r eason , a n d i t w o u l d be an 

o u t l a w in the s a m e sense tha t its p h e n o t y p i c effect w o u l d be d e t r i m e n t a l to 

the rest o f the m a l e ' s genes . M o d i f i e r s , on a n y c h r o m o s o m e o t h e r t h a n the Y 

c h r o m o s o m e , w h i c h t e n d e d t o r e d u c e the p h e n o t y p i c effect o f the d a u g h t e r -

k i l l ing g e n e w o u l d be f a v o u r e d o v e r the i r a l l e les . In a sense the o u t l a w g e n e 

is us ing the sex of the m a l e ' s c h i l d r e n as a c o n v e n i e n t label for the p r e s e n c e or 

ab sence of itself: a l l sons a r e l a b e l l e d as def in i te possessors of the g e n e , a l l 

d a u g h t e r s as def in i te non-possessors of it. 

A s imi la r a r g u m e n t c a n be m a d e for X c h r o m o s o m e s . H a m i l t o n ( 1 9 7 2 , p . 

201) po in t ed ou t tha t in n o r m a l d i p l o i d spec ies a g e n e on an X c h r o m o s o m e 

in the h o m o g a m e t i c sex has t h r ee -qua r t e r s o f a c h a n c e o f b e i n g i d e n t i c a l by 

descen t w i t h a g e n e in a s ib l i ng o f the h o m o g a m e t i c sex . T h u s the ' X -

c h r o m o s o m e re l a t edness ' o f h u m a n sisters i s a s h i g h as the o v e r a l l r e l a t edness 

o f h y m e n o p t e r a n sisters, a n d h i g h e r t han the o v e r a l l r e l a t edness o f h u m a n 

sisters. H a m i l t o n w e n t so far as to w o n d e r w h e t h e r an X - c h r o m o s o m e effect 
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m i g h t a c c o u n t for the fact t ha t he lpers a t the nest in b i rds s eem, usua l ly , to 

be e lde r b ro the r s , r a t h e r t h a n sisters, of the nes t l ings ( the m a l e sex i s 

h o m o g a m e t i c in b i rd s ) . He no t ed tha t the X c h r o m o s o m e in b i rds a c c o u n t s 

for s o m e 10 p e r c e n t o f the w h o l e g e n o m e , a n d tha t i t i s therefore not too 

i m p r o b a b l e t ha t the g e n e t i c basis for b r o t h e r l y c a r e m i g h t lie on the X 

c h r o m o s o m e . I f so, b r o t h e r l y c a r e m i g h t b e f a v o u r e d b y the s a m e k ind o f 

s e l ec t ion pressure as H a m i l t o n h a d ea r l i e r sugges t ed for sisterly c a r e in 

H y m e n o p t e r a . P e r h a p s s ign i f i can t ly , S y r e n a n d L u y c k x ( 1 9 7 7 ) po in t ou t 

tha t in s o m e te rmi tes , the o n l y n o n - h a p l o d i p l o i d g r o u p to h a v e a c h i e v e d full 

e u s o c i a l i t y , ' a p p r o x i m a t e l y h a l f the g e n o m e i s m a i n t a i n e d as a l i n k a g e g r o u p 

w i t h the sex c h r o m o s o m e ' ( L a c y 1980) . 

W i c k l e r ( 1 9 7 7 ) , c o m m e n t i n g o n W h i t n e y ' s ( 1 9 7 6 ) r e d i s c o v e r y o f 

H a m i l t o n ' s X - c h r o m o s o m e idea , suggests tha t Y - c h r o m o s o m e effects are 

p o t e n t i a l l y e v e n m o r e p o w e r f u l t h a n X - c h r o m o s o m e effects, bu t Y 

c h r o m o s o m e s as a ru le d o n ' t m a k e up such a h i g h p r o p o r t i o n of the g e n o m e . 

In a n y ca se ' s e x - l i n k e d a l t r u i s m ' mus t be discriminating: i n d i v i d u a l s a c t i n g 

u n d e r t he i n f l u e n c e o f the i r sex c h r o m o s o m e s shou ld t end to show 

f a v o u r i t i s m t o w a r d s c lose r e l a t ives o f the s a m e sex r a the r t han o f the oppos i te 

sex . G e n e s for s e x - b l i n d s ib l i ng c a r e w o u l d not be o u t l a w s . 

T h e v a l u e o f the o u t l a w e d s e x - c h r o m o s o m e t h o u g h t e x p e r i m e n t does not 

l ie in its p l a u s i b i l i t y — w h i c h , l ike H a m i l t o n , I do no t ra te h i g h l y — b u t in the 

fact t ha t i t focuses o u r a t t e n t i o n on the i m p o r t a n c e o f this d i s c r i m i n a t i o n . 

T h e sex of a n o t h e r i n d i v i d u a l is used as a label to ident i fy i t as a m e m b e r of a 

class o f i n d i v i d u a l s a b o u t w h o s e g e n e t i c s s o m e t h i n g i s k n o w n . In the 

o r d i n a r y t h e o r y o f k in se l ec t ion , r e la tedness (or r a t he r s o m e p r o x i m a t e 

c o r r e l a t e of r e l a t edness such as p r e sence in one ' s o w n nest) i s used as a l abe l 

i n d i c a t i n g h i g h e r t h a n a v e r a g e p r o b a b i l i t y o f s h a r i n g a g e n e . F r o m the po in t 

of v i e w of a g e n e on a Y c h r o m o s o m e , the sex of a s ib l i ng is a l abe l w h i c h 

signifies the d i f fe rence b e t w e e n c e r t a i n t y o f s h a r i n g the g e n e a n d ce r t a in ty o f 

no t s h a r i n g i t . 

N o t e , b y the w a y , the ineptness o f no t ions o f i n d i v i d u a l f i t n e s s , o r e v e n 

i n c l u s i v e f i tness as o r d i n a r i l y u n d e r s t o o d , a t d e a l i n g w i t h s i tua t ions l ike this. 

T h e n o r m a l c a l c u l a t i o n o f i n c l u s i v e f i t n e s s m a k e s use o f a coeff ic ient o f 

r e l a t i o n s h i p w h i c h i s s o m e m e a s u r e o f the p r o b a b i l i t y tha t a p a i r o f re la t ives 

w i l l sha re a p a r t i c u l a r g e n e , i den t i c a l by descen t . T h i s is a g o o d 

a p p r o x i m a t i o n p r o v i d e d the g e n e s c o n c e r n e d h a v e n o be t te r w a y o f 

' r e c o g n i z i n g ' c o p i e s of t h e m s e l v e s in o t h e r i n d i v i d u a l s . I f a g e n e is on a sex 

c h r o m o s o m e a n d c a n use the sex of r e l a t ives as a l a b e l , h o w e v e r , its best 

' e s t i m a t e ' of the p r o b a b i l i t y tha t a r e l a t i ve shares a c o p y of i tse l f wi l l be a 

be t t e r e s t ima te t h a n tha t p r o v i d e d by the coeff ic ient o f r e l a t ionsh ip . In its 

mos t g e n e r a l fo rm, the p r i n c i p l e o f genes a p p e a r i n g t o ' r e c o g n i z e ' cop ies o f 

t hemse lve s in o t h e r i n d i v i d u a l s has b e e n d u b b e d the ' g r e e n - b e a r d effect ' 

( D a w k i n s 1 9 7 6 a , p . 96 , f o l l o w i n g H a m i l t o n 1 9 6 4 b , p . 2 5 ) . G r e e n - b e a r d o r 
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' r e cogn i t i on a l l e l e s ' h a v e b e e n d e s c r i b e d in the l i t e r a t u r e a s o u t l a w s 

( A l e x a n d e r & B o r g i a 1 9 7 8 ; A l e x a n d e r 1980) , a n d t hey s h o u l d the re fore b e 

discussed in this c h a p t e r , e v e n t h o u g h , as we sha l l see, the i r s ta tus as o u t l a w s 

needs care fu l e x a m i n a t i o n ( R i d l e y & G r a f e n in press ) . 

T h e g r e e n - b e a r d effect r e d u c e s the p r i n c i p l e o f ' g e n e s e l f - r e c o g n i t i o n ' to its 

ba r e essentials i n an un rea l i s t i c a l l y h y p o t h e t i c a l , b u t n e v e r t h e l e s s i n s t ruc t i ve , 

w a y . A g e n e i s pos tu l a t ed w h i c h has t w o p l e i o t r o p i c effects. O n e effect i s to 

confer a c o n s p i c u o u s l a b e l , the ' g r e e n b e a r d ' . T h e o t h e r effect i s to confe r a 

t e n d e n c y to b e h a v e a l t ru i s t i ca l ly t o w a r d s bea re r s o f the l a b e l . S u c h a g e n e , i f 

i t eve r a rose , c o u l d eas i ly be f a v o u r e d by n a t u r a l s e l ec t ion , a l t h o u g h i t w o u l d 

be v u l n e r a b l e to a m u t a n t a r i s ing w h i c h con fe r r ed the l a b e l w i t h o u t the 

a l t ru i sm. 

G e n e s are not consc ious l i t t le dev i l s , a b l e t o r e c o g n i z e c o p i e s o f t h e m s e l v e s 

i n o the r i n d i v i d u a l s a n d t o a c t a c c o r d i n g l y . T h e o n l y w a y for the g r e e n -

bea rd effect to arise is by i n c i d e n t a l p l e i o t r o p y . A m u t a t i o n m u s t ar ise w h i c h 

jus t h a p p e n s t o h a v e t w o c o m p l e m e n t a r y effects : the l a b e l o r ' g r e e n b e a r d ' , 

and the t e n d e n c y to b e h a v e a l t ru i s t i ca l ly t o w a r d s l a b e l l e d i n d i v i d u a l s . I 

h a v e a l w a y s t h o u g h t s u c h a for tu i tous c o n j u n c t i o n o f p l e i o t r o p i c effects too 

g o o d to be t rue . H a m i l t o n a lso no t ed the i d e a ' s i n h e r e n t i m p l a u s i b i l i t y , b u t 

he w e n t on ' . . . e x a c t l y the s a m e a priori o b j e c t i o n s m i g h t be m a d e to the 

e v o l u t i o n o f assor ta t ive m a t i n g w h i c h man i fe s t ly has e v o l v e d , p r o b a b l y m a n y 

t imes i n d e p e n d e n t l y a n d desp i t e its o b s c u r e a d v a n t a g e s ' ( H a m i l t o n 1 9 6 4 b , p . 

25 ) . I t i s w o r t h br ief ly e x a m i n i n g this c o m p a r i s o n w i t h a s so r t a t ive m a t i n g , 

w h i c h for present purposes I shal l t ake to m e a n the t e n d e n c y of i n d i v i d u a l s 

t o prefer t o m a t e w i t h i n d i v i d u a l s t ha t g e n e t i c a l l y r e s e m b l e t h e m . 

W h y i s i t tha t the g r e e n - b e a r d effect seems so m u c h m o r e f a r - fe t ched t h a n 

assor ta t ive m a t i n g ? I t i s no t j u s t tha t assor ta t ive m a t i n g i s p o s i t i v e l y k n o w n 

to o c c u r . I sugges t a n o t h e r reason . T h i s i s tha t w h e n we th ink o f a s so r t a t ive 

m a t i n g we i m p l i c i t l y a s sume self-inspection as a m e a n s of f a c i l i t a t i n g the effect. 

I f b l a c k i n d i v i d u a l s prefer t o m a t e w i t h b l a c k i n d i v i d u a l s , a n d w h i t e w i t h 

w h i t e , w e d o no t find this h a r d t o b e l i e v e b e c a u s e w e t a c i t l y a s s u m e tha t 

i n d i v i d u a l s p e r c e i v e the i r own c o l o u r . E a c h i n d i v i d u a l , w h a t e v e r his c o l o u r , 

i s a s sumed to be o b e y i n g the same r u l e : inspec t y o u r s e l f (or m e m b e r s of y o u r 

o w n fami ly ) a n d c h o o s e a m a t e o f the s a m e c o l o u r . T h i s p r i n c i p l e does no t 

s t re tch o u r c r e d u l i t y b y d e m a n d i n g tha t t w o speci f ic e f f e c t s — c o l o u r a n d 

b e h a v i o u r a l p r e f e r e n c e — a r e c o n t r o l l e d p l e i o t r o p i c a l l y b y the s a m e g e n e . I f 

there i s a g e n e r a l a d v a n t a g e in m a t i n g w i t h s imi l a r p a r t n e r s , n a t u r a l 

se lec t ion wi l l f a v o u r the se l f - inspect ion ru le r ega rd less o f the e x a c t n a t u r e o f 

the r e c o g n i t i o n c h a r a c t e r used . I t does no t h a v e t o b e skin c o l o u r . A n y 

c o n s p i c u o u s a n d v a r i a b l e c h a r a c t e r w o u l d w o r k w i t h the i d e n t i c a l 

b e h a v i o u r a l ru le . N o far - fe tched p l e i o t r o p i s m need b e p o s t u l a t e d . 

W e l l then , w i l l the s a m e k ind o f m e c h a n i s m w o r k for the g r e e n - b e a r d 

effect? M i g h t a n i m a l s o b e y a b e h a v i o u r a l ru le o f the f o r m : ' I n s p e c t y o u r s e l f 
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a n d b e h a v e a l t ru i s t i ca l ly t o w a r d s o the r i n d i v i d u a l s tha t r e s emb le y o u ' ? T h e 

a n s w e r i s t ha t t h e y m i g h t , b u t this w o u l d no t be a t rue e x a m p l e o f the g r een -

b e a r d effect. I n s t ead , I c a l l i t the ' a r m p i t effect ' . In the p a r a d i g m 

h y p o t h e t i c a l e x a m p l e , the a n i m a l i s supposed to smel l its o w n a r m p i t s , a n d 

b e h a v e a l t r u i s t i c a l l y t o w a r d s o the r i n d i v i d u a l s w i t h a s imi la r smel l . ( T h e 

r eason for c h o o s i n g an o l f a c t o r y n a m e i s tha t p o l i c e d o g trials h a v e s h o w n 

tha t d o g s p r e s e n t e d w i t h h a n d k e r c h i e f s h e l d u n d e r h u m a n a r m p i t s c a n 

d i s t ingu i sh the swea t s o f a n y t w o i n d i v i d u a l h u m a n s e x c e p t i d e n t i c a l twins 

( K a l m u s 1 9 5 5 ) . T h i s sugges ts tha t there i s a n e n o r m o u s l y v a r i a b l e r ichness o f 

g e n e t i c l a b e l l i n g in m o l e c u l e s o f s w e a t . I n the l igh t o f the result w i t h iden t i ca l 

twins , o n e feels i n c l i n e d to be t tha t p o l i c e d o g s c o u l d be t ra ined to sniff out 

the coef f ic ien t o f r e l a t i o n s h i p b e t w e e n pairs o f h u m a n s a n d that , for ins tance , 

t hey c o u l d be t r a ined to t r ack d o w n a c r i m i n a l i f g i v e n a sniff of his b ro the r . 

Be tha t as i t m a y , ' a r m p i t effect ' i s he re b e i n g used as a g e n e r a l n a m e for a n y 

case o f an a n i m a l i n s p e c t i n g himself , o r a k n o w n c lose r e l a t i ve , a n d 

d i s c r i m i n a t i n g in f a v o u r o f o t h e r i n d i v i d u a l s w i t h a s imi la r smel l o r w i t h 

s o m e o t h e r p e r c e i v e d s imi l a r i t y . ) 

T h e essent ia l d i f fe rence b e t w e e n the g r e e n - b e a r d effect a n d the a rmp i t 

se l f - inspec t ion effect i s as fo l lows . T h e a r m p i t se l f - inspect ion b e h a v i o u r a l ru le 

w i l l l ead to the d e t e c t i o n o f o t h e r i n d i v i d u a l s t ha t a re s imi la r i n some 

respec t , p e r h a p s in m a n y respects , b u t i t w i l l no t spec i f i ca l ly l ead to the 

d e t e c t i o n o f i n d i v i d u a l s t ha t possess cop ie s o f the g e n e m e d i a t i n g the 

b e h a v i o u r a l r u l e itself. T h e a r m p i t ru le m i g h t p r o v i d e a n a d m i r a b l e m e a n s 

of d e t e c t i n g t rue k in f rom n o n - k i n , or of d e t e c t i n g w h e t h e r a b r o t h e r w a s a full 

b r o t h e r o r o n l y a h a l f b r o t h e r . T h i s c o u l d be v e r y i m p o r t a n t , a n d i t m i g h t 

p r o v i d e the basis for se l ec t ion in f a v o u r o f se l f - inspec t ing b e h a v i o u r , bu t the 

se lec t ion w o u l d b e c o n v e n t i o n a l , f ami l i a r k in se lec t ion . T h e self - inspect ion 

ru le w o u l d be f u n c t i o n i n g s i m p l y as a k i n - r e c o g n i t i o n d e v i c e , a n a l o g o u s to a 

ru le l i k e : ' B e h a v e a l t ru i s t i ca l ly t o w a r d s i n d i v i d u a l s tha t g r e w u p i n y o u r o w n 

nes t . ' 

T h e g r e e n - b e a r d effect i s q u i t e different . H e r e the i m p o r t a n t t h i n g is that a 

g e n e (or c lose l i n k a g e g r o u p ) p r o g r a m s the r e c o g n i t i o n spec i f i ca l ly o f copies 

of itself. T h e g r e e n - b e a r d effect i s no t a m e c h a n i s m for the r e c o g n i t i o n of k in . 

R a t h e r , k in r e c o g n i t i o n a n d ' g r e e n - b e a r d ' r e c o g n i t i o n a re a l t e r n a t i v e w a y s 

i n w h i c h g e n e s c o u l d b e h a v e a s i f d i s c r i m i n a t i n g i n f a v o u r o f copies o f 

t h e m s e l v e s . 

T o r e tu rn t o H a m i l t o n ' s c o m p a r i s o n w i t h assor ta t ive m a t i n g , w e c a n see 

t h a t i t does no t r e a l l y p r o v i d e g o o d g r o u n d s for o p t i m i s m o v e r the 

p l a u s i b i l i t y o f the g r e e n - b e a r d effect. A s s o r t a t i v e m a t i n g i s m u c h m o r e l ikely 

to i n v o l v e se l f - inspec t ion . If, for w h a t e v e r r eason , i t is an a d v a n t a g e in 

g e n e r a l for l ike t o m a t e w i t h l ike , se lec t ion w o u l d f a v o u r an a r m p i t t y p e o f 

b e h a v i o u r a l r u l e : I n s p e c t yoursel f , a n d choose a m a t e tha t resembles y o u . 

T h i s w i l l a c h i e v e the des i red r e s u l t — a n o p t i m a l b a l a n c e b e t w e e n o u t b r e e d -
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ing a n d i n b r e e d i n g (Ba teson 1978a) o r w h a t e v e r the a d v a n t a g e m a y b e — 

regardless o f the e x a c t n a t u r e o f the cha rac t e r i s t i c s b y w h i c h i n d i v i d u a l s 

differ. 

A s s o r t a t i v e m a t i n g i s no t the o n l y a n a l o g y H a m i l t o n m i g h t h a v e c h o s e n . 

A n o t h e r o n e i s the case of c r y p t i c m o t h s c h o o s i n g to sit on a b a c k g r o u n d tha t 

m a t c h e s the i r o w n c o l o u r . K e t t l e w e l l ( 1 9 5 5 ) g a v e d a r k - c o l o u r e d carbonaria 

a n d l i g h t - c o l o u r e d t y p i c a l m o r p h s o f the p e p p e r e d m o t h Biston betularia the 

o p p o r t u n i t y to sit on d a r k - o r l i g h t - c o l o u r e d b a c k g r o u n d s . T h e r e w a s a 

s ta t is t ica l ly s ign i f ican t t e n d e n c y for m o t h s to c h o o s e a b a c k g r o u n d m a t c h i n g 

their o w n b o d y c o l o u r . T h i s c o u l d b e d u e t o p l e i o t r o p i s m (or g e n e s for c o l o u r 

b e i n g c lose ly l inked to genes for b a c k g r o u n d c h o i c e ) . I f this w e r e so, a s 

S a r g e n t (1969a ) b e l i e v e s , i t m i g h t , b y a n a l o g y , r e d u c e o u r s c e p t i c i s m a b o u t 

the inhe ren t p l a u s i b i l i t y o f the g r e e n - b e a r d effect. K e t t l e w e l l b e l i e v e d , 

h o w e v e r , tha t the m o t h s a c h i e v e d the m a t c h i n g b y the s i m p l e r m e c h a n i s m o f 

' cont ras t conf l i c t ' . He sugges t ed tha t a m o t h c o u l d see a s m a l l p o r t i o n of its 

o w n b o d y , a n d tha t i t m o v e d a r o u n d unt i l the o b s e r v e d c o n t r a s t b e t w e e n its 

o w n b o d y a n d the b a c k g r o u n d r e a c h e d a m i n i m u m . I t i s easy to b e l i e v e tha t 

na tu ra l se lec t ion m i g h t f a v o u r the g e n e t i c basis for such a con t r a s t -

m i n i m i z i n g b e h a v i o u r a l ru le , b e c a u s e i t w o u l d w o r k a u t o m a t i c a l l y i n 

c o n j u n c t i o n w i t h a n y c o l o u r , i n c l u d i n g a n e w l y m u t a t e d c o l o u r . I t i s o f 

course a n a l o g o u s to the ' a r m p i t se l f - inspec t ion ' effect, a n d i s p l a u s i b l e for the 

s a m e reason . 

S a r g e n t ' s ( 1969a ) i n tu i t i on differs f rom K e t t l e w e l l ' s . He d o u b t s the self-

inspec t ion theo ry , a n d th inks tha t the t w o m o r p h s of B. betularia differ 

g e n e t i c a l l y i n the i r b a c k g r o u n d p re fe rence . He has no e v i d e n c e a b o u t B . 

betularia itself, bu t has d o n e s o m e i n g e n i o u s e x p e r i m e n t s on o t h e r spec ies . F o r 

e x a m p l e , he took m e m b e r s o f a d a r k spec ies a n d of a l i gh t spec ies , a n d 

pa in t ed the c i r c u m - o c u l a r hai rs in an a t t e m p t to ' f oo l ' t he m o t h s in to 

choos ing a b a c k g r o u n d tha t m a t c h e d the p a i n t e d ha i rs . T h e y o b s t i n a t e l y 

persis ted in c h o o s i n g a b a c k g r o u n d tha t m a t c h e d the i r g e n e t i c a l l y 

d e t e r m i n e d c o l o u r ( S a r g e n t 1968) . U n f o r t u n a t e l y , h o w e v e r , this i n t e r e s t i ng 

result w a s o b t a i n e d w i t h t w o different spec ies , no t w i t h d a r k a n d l i gh t 

m o r p h s o f o n e spec ies . 

In a n o t h e r e x p e r i m e n t w h i c h w a s d o n e w i t h a d i m o r p h i c spec ies , Phigalia 

titea, S a r g e n t (1969a ) s i m p l y fai led to ge t the resul t K e t t l e w e l l h a d w i t h B . 

betularia. T h e P . titea i n d i v i d u a l s , w h e t h e r the d a r k or the l igh t m o r p h , chose 

to sit on l igh t b a c k g r o u n d s , p r e s u m a b l y the a p p r o p r i a t e b a c k g r o u n d for the 

l ight ances t ra l form of the spec ies . W h a t i s n e e d e d i s for s o m e b o d y to r e p e a t 

S a r g e n t ' s key e x p e r i m e n t o f p a i n t i n g the par t s o f a m o t h ' s b o d y tha t i t c a n 

see, bu t us ing a d i m o r p h i c spec ies l ike B. betularia w h i c h is k n o w n to s h o w 

morph-spec i f i c b a c k g r o u n d c h o i c e . K e t t l e w e l l ' s t h e o r y w o u l d p r e d i c t tha t 

moths p a i n t e d b l a c k w i l l select b l a c k b a c k g r o u n d s , a n d m o t h s p a i n t e d l igh t 

wi l l select l igh t b a c k g r o u n d s , r ega rd less o f w h e t h e r t h e y a r e g e n e t i c a l l y 
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carbonaria or typica. A p u r e l y g e n e t i c t heo ry w o u l d p r e d i c t tha t carbonaria w i l l 

c h o o s e d a r k b a c k g r o u n d s a n d typica l i gh t b a c k g r o u n d s , r egard less o f h o w 

they a r e p a i n t e d . 

I f the l a t t e r t h e o r y t u r n e d ou t t o be r igh t , w o u l d this resul t g i v e a id a n d 

c o m f o r t to the g r e e n - b e a r d t h e o r y ? A l i t t le , p e r h a p s , s ince i t w o u l d suggest 

tha t a m o r p h o l o g i c a l c h a r a c t e r a n d b e h a v i o u r a l r e c o g n i t i o n o f s o m e t h i n g 

r e s e m b l i n g tha t m o r p h o l o g i c a l c h a r a c t e r c a n be , o r c a n r a p i d l y b e c o m e , 

c lose ly l i nked g e n e t i c a l l y . I t m u s t be r e m e m b e r e d , he re , tha t i n the m o t h 

c ryps i s e x a m p l e the re i s n o s u g g e s t i o n tha t w e a re d e a l i n g w i t h a n o u t l a w 

effect . I f the re a re t w o g e n e s , o n e c o n t r o l l i n g c o l o u r a n d the o the r 

b a c k g r o u n d c h o i c e b e h a v i o u r , b o t h s t and t o g a i n f rom the p re sence o f the 

a p p r o p r i a t e o t h e r o n e , a n d n e i t h e r o f the t w o i s i n a n y sense an o u t l a w . I f 

the t w o g e n e s s t a r t ed o u t d i s t an t ly l i nked , se l ec t ion w o u l d f a v o u r c loser a n d 

c loser l i n k a g e . I t i s no t c l e a r t ha t se l ec t ion w o u l d s imi l a r l y f a v o u r the close 

l i n k a g e of a ' g r e e n - b e a r d g e n e ' a n d a g e n e for g r e e n - b e a r d r e c o g n i t i o n . I t 

seems tha t t he a s soc i a t i on b e t w e e n the effects w o u l d h a v e to be the re by luck 

r i gh t f rom the s tar t . 

T h e g r e e n - b e a r d effect i s a l l a b o u t o n e selfish g e n e l o o k i n g after copies o f 

i t se l f in o t h e r i n d i v i d u a l s , r ega rd less of, i n d e e d in spite of, the p r o b a b i l i t y 

t ha t those i n d i v i d u a l s w i l l sha re g e n e s i n g e n e r a l . T h e g r e e n - b e a r d g e n e 

' spo ts ' cop i e s of itself, a n d i t t h e r e b y seems to w o r k aga ins t the interests of the 

rest o f the g e n o m e . I t a p p e a r s to be an o u t l a w in the sense tha t i t m a k e s 

i n d i v i d u a l s w o r k a n d p a y costs , for the benef i t o f o the r i n d i v i d u a l s w h o are 

no t p a r t i c u l a r l y l i k e l y to sha re g e n e s o t h e r t h a n the o u t l a w itself. T h i s i s the 

r ea son A l e x a n d e r a n d B o r g i a (1978) ca l l i t an o u t l a w , a n d i t i s o n e o f the 

reasons for the i r s c e p t i c i s m a b o u t the ex i s t ence o f g r e e n - b e a r d genes . 

B u t i t i s a c t u a l l y no t o b v i o u s tha t g r e e n - b e a r d genes w o u l d , i f they eve r 

a rose , b e o u t l a w s . T h e f o l l o w i n g c a u t i o n i s u r g e d b y R i d l e y a n d G r a f e n 

(in press) . O u r de f in i t ion o f an o u t l a w m a k e s re fe rence t o its p r o v o k i n g o f 

modi f ie rs a t o t h e r loc i w h i c h tend to suppress its p h e n o t y p i c effects. At first 

s ight i t s eems c l e a r tha t g r e e n - b e a r d genes w o u l d i n d e e d p r o v o k e suppress ing 

modi f i e r s , b e c a u s e the modi f i e r s w o u l d no t t end to h a v e cop ie s i n the bod ies 

o f the ( u n r e l a t e d ) g r e e n - b e a r d e d i n d i v i d u a l s c a r e d for. B u t w e mus t not 

forge t t ha t a mod i f i e r , i f i t i s to h a v e a n y effect on the p h e n o t y p i c express ion 

of a g r e e n - b e a r d g e n e , is l i ke ly i tself to be in a g r e e n - b e a r d e d b o d y , a n d is 

the re fore in a pos i t ion to benef i t f rom receiving a l t ru i sm f rom o the r g r een -

b e a r d e d i n d i v i d u a l s . M o r e o v e r , s ince those o the r g r e e n - b e a r d e d donor s are 

no t p a r t i c u l a r l y l ike ly to be r e l a t ives , the costs o f the i r a l t ru i sm w i l l not be 

felt by cop ie s o f the w o u l d - b e modi f ie rs . A case c o u l d therefore be m a d e tha t 

w o u l d - b e modi f i e r s a t o t h e r loc i w i l l g a i n r a the r t h a n lose from sha r ing a 

b o d y w i t h a g r e e n - b e a r d g e n e . To this i t c a n n o t be o b j e c t e d tha t the costs o f 

p a y i n g o u t a l t r u i s m t o o t h e r g r e e n - b e a r d e d i n d i v i d u a l s m a y o u t w e i g h the 

benef i t s o f r e c e i v i n g a l t r u i sm f rom o the r g r e e n - b e a r d e d i n d i v i d u a l s : i f this 
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w e r e t rue there w o u l d b e n o q u e s t i o n o f the g r e e n - b e a r d g e n e s p r e a d i n g i n 

the first p l a c e . T h e essence of R i d l e y a n d G r a f e n ' s p o i n t i s t ha t i f ( w h i c h i s 

un l ike ly ) the g r e e n - b e a r d g e n e has w h a t i t t akes to s p r e a d t h r o u g h the 

p o p u l a t i o n a t all, the costs a n d benefi ts of the s i t ua t i on w i l l be such as to 

favour modif iers tha t e n h a n c e r a the r t h a n r e d u c e the effect . 

I n e v a l u a t i n g this po in t , e v e r y t h i n g d e p e n d s o n the e x a c t n a t u r e o f w h a t 

w e are c a l l i n g the g r e e n - b e a r d p h e n o t y p e . I f the en t i re p l e i o t r o p i c d u a l 

p h e n o t y p e — g r e e n b e a r d p lus a l t ru i sm t o w a r d s g r e e n - b e a r d e d i n d i v i d u a l s — 

is r e g a r d e d as a p a c k a g e d e a l , w h i c h modi f ie rs c a n suppress o r e n h a n c e o n l y 

as a uni t , then R i d l e y a n d G r a f e n a re su re ly r igh t tha t g r e e n - b e a r d g e n e s a r e 

not o u t l a w s . Bu t , of cour se , as t hey t hemse lve s stress, a m o d i f i e r t ha t c o u l d 

d e t a c h the t w o p h e n o t y p i c effects f rom e a c h o the r , s u p p r e s s i n g the a l t ru i s t i c 

p h e n o t y p e o f the g r e e n - b e a r d g e n e w h i l e not s u p p r e s s i n g the g r e e n b e a r d 

i tself w o u l d c e r t a i n l y be f a v o u r e d . A th i rd poss ib i l i ty is the spec i a l case of a 

g r e e n - b e a r d g e n e tha t c a u s e d pa ren t s t o d i s c r i m i n a t e i n f a v o u r o f those o f 

their c h i l d r e n tha t h a p p e n e d to share the r e c o g n i t i o n c h a r a c t e r . S u c h a g e n e 

w o u l d be a n a l o g o u s to a m e i o t i c - d r i v e g e n e , a n d w o u l d be a t rue o u t l a w . 

W h a t e v e r w e m a y feel a b o u t R i d l e y a n d G r a f e n ' s p o i n t a b o u t the g r e e n -

bea rd effect, i t i s c l e a r tha t g e n e s m e d i a t i n g a l t r u i s m t o w a r d s c lose k in , a n d 

f avoured b y c o n v e n t i o n a l k in - se l ec t ion pressure , a re de f in i t e ly no t o u t l a w s . 

A l l the genes i n the g e n o m e h a v e the s a m e s ta t i s t ica l o d d s o f g a i n i n g f rom the 

kin a l t ru i sm b e h a v i o u r , for a l l h a v e the s a m e s ta t i s t ica l o d d s o f b e i n g possessed 

by the i n d i v i d u a l benef i t ed . A ' k in - se lec t ion g e n e ' is, in a sense, w o r k i n g for 

i tself a l o n e , bu t i t benefi ts the o the r genes in its g e n o m e as w e l l . T h e r e wi l l 

therefore no t be se lec t ion in f a v o u r of modif ie rs tha t suppress it. A r m p i t self-

inspec t ion genes w o u l d be a spec ia l case o f k i n - r e c o g n i t i o n g e n e s , a n d a re 

l ikewise not o u t l a w s . 

I h a v e b e e n n e g a t i v e a b o u t the p l aus ib i l i t y o f the g r e e n - b e a r d effect . T h e 

pos tu la ted f avour i t i sm based on sex c h r o m o s o m e s , w h i c h I h a v e a l r e a d y 

m e n t i o n e d , is a spec ia l case of the g r e e n - b e a r d effect, a n d is p e r h a p s the leas t 

i m p l a u s i b l e one . I d iscussed i t in the c o n t e x t of w i t h i n - f a m i l y f a v o u r i t i s m : 

e lder s ibl ings w e r e supposed t o d i s c r i m i n a t e a m o n g the i r y o u n g e r s ib l ings o n 

the basis o f p r o b a b i l i t y o f s h a r i n g sex c h r o m o s o m e s , sex i t se l f b e i n g used as 

the l abe l ( ' g reen b e a r d ' ) . T h i s i s no t too w i l d l y i m p r o b a b l e b e c a u s e , i f Y 

c h r o m o s o m e s do not cross o v e r , ins tead of h a v i n g to p o s t u l a t e a s ingle 

p l e io t rop ic g r e e n - b e a r d ' g e n e ' w e c a n p o s t u l a t e a w h o l e ' g r e e n - b e a r d 

c h r o m o s o m e ' . I t i s sufficient tha t the g e n e t i c basis for s e x u a l f a v o u r i t i s m 

should o c c u r a n y w h e r e o n the sex c h r o m o s o m e c o n c e r n e d . O n e m i g h t m a k e 

a s imi la r a r g u m e n t for a n y subs t an t i a l po r t i on of a c h r o m o s o m e w h i c h , say 

b e c a u s e of i nve r s ion , d i d no t cross o v e r . I t i s c o n c e i v a b l e , the re fore , tha t a 

true g r e e n - b e a r d effect o f s o m e k ind m i g h t o n e d a y be d i s c o v e r e d . 

I suspect tha t a l l p resent e x a m p l e s o f w h a t m i g h t a p p e a r to be g r e e n - b e a r d 

effects are , in fact , ve r s ions of the a r m p i t se l f - inspec t ion effect . T h u s Wu e t al. 
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(1980) p l a c e d i n d i v i d u a l m o n k e y s , Macaca nemestrina, in a c h o i c e a p p a r a t u s 

w h e r e t h e y h a d to c h o o s e to sit n e x t t o o n e o f t w o offered c o m p a n i o n s . In 

e a c h ca se o n e o f the t w o c o m p a n i o n s offered w a s a h a l f s ib l ing , re la ted 

t h r o u g h the fa the r b u t no t the m o t h e r ; the o t h e r w a s a n u n r e l a t e d con t ro l . 

T h e resul t w a s a s t a t i s t i ca l ly s ign i f i can t t e n d e n c y for i n d i v i d u a l s to choose to 

sit n e x t t o h a l f s ib l ings r a t h e r t h a n u n r e l a t e d con t ro l s . N o t e tha t the h a l f 

s ib l ings c o n c e r n e d w e r e no t r e l a t ed in the m a t e r n a l l i n e : this m e a n s tha t 

t he re i s no poss ib i l i ty o f the i r r e c o g n i z i n g an o d o u r a c q u i r e d from the 

m o t h e r , say . W h a t e v e r the m o n k e y s a r e r e c o g n i z i n g , i t c o m e s from the 

sha red fa ther , a n d this sugges t s , in s o m e sense, r e c o g n i t i o n o f sha red genes . 

M y be t i s t ha t the m o n k e y s r e c o g n i z e r e s e m b l a n c e s o f r e l a t ives t o p e r c e i v e d 

fea tures o f t h e m s e l v e s . Wu e t al. a re o f the s a m e o p i n i o n . 

G r e e n b e r g ( 1 9 7 9 ) s t ud i ed the p r i m i t i v e l y soc ia l s w e a t b e e Lasioglossum 

zephyrum. ( S e g e r , 1980, refers to this w o r k u n d e r the p i c t u r e s q u e h e a d i n g , 

' D o bees h a v e g r e e n s e t ae? ' . ) W h e r e W u e t al. used c h o i c e o f s i t t ing pa r tne r 

as a b e h a v i o u r a l assay , G r e e n b e r g used the dec i s ion of a g u a r d w o r k e r 

w h e t h e r t o a d m i t o r e x c l u d e a n o t h e r w o r k e r s e e k i n g e n t r a n c e t o the nest. 

H e p l o t t e d the p r o b a b i l i t y o f a w o r k e r ' s b e i n g a d m i t t e d aga ins t her 

coeff ic ient o f r e l a t i o n s h i p w i t h the sen t ine l . N o t o n l y w a s there a n exce l l en t 

pos i t i ve c o r r e l a t i o n : the s lope o f the l ine w a s a lmos t e x a c t l y o n e , so the 

p r o b a b i l i t y of a sen t ine l a d m i t t i n g a s t r ange r w a s a p p r o x i m a t e l y equal to the 

coeff ic ient o f r e l a t i o n s h i p ! G r e e n b e r g ' s e v i d e n c e c o n v i n c e d h i m that ' T h e 

g e n e t i c c o m p o n e n t i s therefore in o d o r p r o d u c t i o n a n d a p p a r e n t l y not in the 

p e r c e p t u a l s y s t e m ' (p . 1096) . I n m y t e r m i n o l o g y , G r e e n b e r g ' s w o r d s a m o u n t 

to the s t a t e m e n t tha t he i s d e a l i n g w i t h the a r m p i t effect, no t w i t h the g r e e n -

b e a r d effect . O f cou r se the bees m a y , a s G r e e n b e r g be l i eves , h a v e inspec ted 

r e l a t i ves w i t h w h o m t h e y w e r e a l r e a d y f ami l i a r r a t h e r t h a n their o w n 

' a r m p i t s ' ( H o l l d o b l e r & M i c h e n e r 1980) . I t i s still e ssen t ia l ly an e x a m p l e of 

the a r m p i t r a t h e r t h a n the g r e e n - b e a r d effect, in w h i c h case there i s no 

q u e s t i o n o f the g e n e s r e spons ib l e b e i n g o u t l a w s . A p a r t i c u l a r l y e l e g a n t s tudy 

w h i c h c o m e s to a s imi l a r c o n c l u s i o n i s tha t of L i n s e n m a i r ( 1 9 7 2 ) on the 

f ami ly - spec i f i c c h e m i c a l ' b a d g e ' o f the soc ia l deser t w o o d l o u s e Hemilepistus 

reaumuri. S i m i l a r l y , B a t e s o n (in p r e p a r a t i o n ) p r o v i d e s i n t r i g u i n g e v i d e n c e 

tha t J a p a n e s e q u a i l d i s c r i m i n a t e the i r f i r s t cous ins from thei r s ib l ings a n d 

f rom m o r e d i s t an t r e l a t i ve s , u s ing l ea rned v i sua l cues . 

W a l d m a n a n d A d l e r ( 1 9 7 9 ) h a v e i n v e s t i g a t e d w h e t h e r t adpo le s preferen

t i a l ly a s soc ia t e w i t h s ib l ings . C o l o u r - m a r k e d t adpo le s t a k e n from t w o 

c l u t c h e s w e r e a l l o w e d to s w i m freely a r o u n d a t a n k ; then a g r i d w a s l o w e r e d 

in to the t a n k , t r a p p i n g e a c h t a d p o l e i n o n e o f s ix teen c o m p a r t m e n t s . T h e r e 

w a s a s t a t i s t i ca l ly s ign i f i can t t e n d e n c y for t a d p o l e s to end up closer to 

s ib l ings t h a n to n o n - s i b l i n g s . P e r h a p s u n f o r t u n a t e l y , the e x p e r i m e n t a l des ign 

does no t ru le o u t a poss ib le c o n f o u n d i n g effect o f g e n e t i c a l l y d e t e r m i n e d 

' h a b i t a t s e l e c t i o n ' . I f the re w a s a g e n e t i c a l l y d e t e r m i n e d t e n d e n c y to, say , 
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h u g the edges o f the tank r a the r t h a n the m i d d l e , g e n e t i c r e l a t i v e s m i g h t as a 

c o n s e q u e n c e b e e x p e c t e d t o end u p i n the s a m e pa r t s o f the t a n k . T h e 

e x p e r i m e n t does not , there fore , u n e q u i v o c a l l y d e m o n s t r a t e r e c o g n i t i o n o f 

re la t ives or a p re fe rence for a s soc i a t i ng w i t h r e l a t i ves as s u c h , b u t for m a n y 

theore t i ca l purposes this does no t m a t t e r . T h e a u t h o r s i n t r o d u c e d the i r 

p a p e r w i t h re fe rence t o F i she r ' s (1930a) k in s e l ec t ion t h e o r y o f the e v o l u t i o n 

o f a p o s e m a t i s m , a n d for pu rposes o f tha t t h e o r y r e l a t i ves s i m p l y h a v e t o e n d 

u p toge the r . I t d o e s n ' t m a t t e r w h e t h e r t hey a re t o g e t h e r b e c a u s e o f s h a r e d 

hab i t a t p re fe rence o r b e c a u s e o f t rue r e l a t i v e - r e c o g n i t i o n . F o r o u r p resen t 

purpose , h o w e v e r , i t i s w o r t h n o t i n g tha t , i f fur ther e x p e r i m e n t s c o n f i r m the 

rule o f ' i n c i d e n t a l h a b i t a t s e l ec t i on ' for the t a d p o l e s , this w o u l d ru le o u t the 

' a r m p i t ' t heo ry b u t w o u l d no t ru le o u t the g r e e n - b e a r d t h e o r y . 

S h e r m a n (1979) i n v o k e s the i d e a o f g e n e t i c f a v o u r i t i s m i n a n i n g e n i o u s 

theory a b o u t c h r o m o s o m e n u m b e r s i n soc ia l insects . H e p resen t s e v i d e n c e 

tha t eusoc ia l insects t end t o h a v e h i g h e r c h r o m o s o m e n u m b e r s t h a n the i r 

nearest non- soc ia l p h y l o g e n e t i c r e l a t i ves . S e g e r (1980) i n d e p e n d e n t l y 

d i s cove red the effect, a n d has his o w n t h e o r y to a c c o u n t for it. T h e e v i d e n c e 

for the effect i s s o m e w h a t e q u i v o c a l a n d w o u l d p e r h a p s benef i t f rom a 

d e m a n d i n g ana lys i s u s ing the s ta t i s t ica l m e t h o d s d e v e l o p e d b y m o d e r n 

s tudents o f the c o m p a r a t i v e m e t h o d (e .g . H a r v e y & M a c e i n press ) . B u t 

w h a t I am c o n c e r n e d w i t h he re i s no t the t ru th of the effect i t se l f b u t 

S h e r m a n ' s t heo ry t o a c c o u n t for it. He c o r r e c t l y no tes t ha t h i g h c h r o m o s o m e 

n u m b e r s t end t o r e d u c e the v a r i a n c e i n f rac t ion o f s h a r e d g e n e s a m o n g 

s ibl ings . To t ake an e x t r e m e case , i f a spec ies has o n l y o n e c h r o m o s o m e p a i r 

w i t h no c ross ing -ove r , a n y pa i r o f full s ib l ings w i l l sha re ( i den t i c a l by descen t ) 

e i ther a l l , none , o r h a l f o f the i r g e n e s w i t h a m e a n o f 50 p e r c e n t . I f the re a re 

h u n d r e d s o f c h r o m o s o m e s , o n the o t h e r h a n d , the n u m b e r o f g e n e s s h a r e d 

( iden t ica l b y descen t ) a m o n g s ib l ings w i l l b e n a r r o w l y d i s t r i b u t e d a b o u t the 

same m e a n o f 50 pe r cen t . C r o s s i n g - o v e r c o m p l i c a t e s the issue, b u t i t r e m a i n s 

t rue tha t a h i g h c h r o m o s o m e n u m b e r in a spec ies t ends to go w i t h l o w 

gene t i c v a r i a n c e a m o n g s ib l ings in tha t spec ies . 

I t fo l lows tha t i f soc ia l insec t w o r k e r s w i s h e d to d i s c r i m i n a t e in f a v o u r o f 

those o f the i r s ib l ings wi th w h o m they h a p p e n e d to s h a r e the mos t g e n e s , i t 

w o u l d be eas ier for t h e m to do so i f the spec ies ' s c h r o m o s o m e n u m b e r w e r e 

low than i f i t w e r e h i g h . S u c h p re fe ren t i a l d i s c r i m i n a t i o n b y w o r k e r s w o u l d 

be d e t r i m e n t a l t o the f i tness o f the q u e e n , w h o w o u l d ' p re fe r ' a m o r e e v e n -

h a n d e d t r e a t m e n t o f her offspr ing. S h e r m a n therefore sugges t s , i n effect , t h a t 

the h i g h c h r o m o s o m e c o u n t in eusoc ia l insects i s an a d a p t a t i o n to c ause 

"of fspr ings ' r e p r o d u c t i v e interests t o m o r e c lose ly c o i n c i d e w i t h those o f 

their m o t h e r " . W e shou ld no t forget , b y the w a y , tha t w o r k e r s w i l l no t b e 

u n a n i m o u s . E a c h w o r k e r m i g h t s h o w f avou r i t i sm t o w a r d s y o u n g e r s ib l ings 

that r e s emb le her , b u t o the r w o r k e r s wi l l t end to resist h e r f a v o u r i t i s m , for 

the same reason as the q u e e n w i l l resist it . T h e w o r k e r s c a n n o t be t r ea t ed as 
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a m o n o l i t h i c p a r t y in o p p o s i t i o n to the q u e e n , in the s a m e w a y as T r i v e r s 

a n d H a r e ( 1 9 7 6 ) w e r e a b l e t o t rea t t h e m i n the i r t h e o r y o f conf l i c t o v e r the 

sex r a t io . 

S h e r m a n v e r y fa i r ly lists th ree weaknesses o f his hypo thes i s , bu t there are 

t w o m o r e ser ious p r o b l e m s w i t h it, F i r s t ly , unless we are care fu l to qua l i fy i t 

fur ther , the h y p o t h e s i s a p p e a r s to c o m e d a n g e r o u s l y c lose to a f a l l acy w h i c h 

I h a v e d u b b e d ' M i s u n d e r s t a n d i n g N u m b e r I I ' ( D a w k i n s 1 9 7 9 a ) o r the ' A c e 

o f S p a d e s F a l l a c y ' ( C h a p t e r 10) . S h e r m a n assumes tha t the ex t en t o f 

c o o p e r a t i o n a m o n g conspec i f i c s i s r e l a t ed to the ' m e a n fraction o f a l le les they 

sha re ' ( m y e m p h a s i s ) w h e r e a s he shou ld th ink in te rms of the probability tha t 

a g e n e ' for ' c o o p e r a t i o n i s sha red (see a lso P a r t r i d g e & N u n n e y 1 9 7 7 ) . On 

the l a t t e r a s s u m p t i o n his h y p o t h e s i s , a s a t p resen t expressed , w o u l d no t w o r k 

( S e g e r 1980) . S h e r m a n c o u l d rescue his h y p o t h e s i s f rom this p a r t i c u l a r 

c r i t i c i sm by i n v o k i n g the ' a r m p i t s e l f - r ecogn i t i on ' effect. I sha l l no t spell the 

a r g u m e n t o u t in d e t a i l , b e c a u s e I suspec t tha t S h e r m a n a c c e p t s it. ( T h e 

essent ia l p o i n t i s tha t the a r m p i t effect c a n use w e a k l i n k a g e w i t h i n a fami ly , 

w h i l e the g r e e n - b e a r d effect r equ i r e s p l e i o t r o p y o r l i n k a g e d i s e q u i l i b r i u m . I f 

w o r k e r s i n spec t t h e m s e l v e s , a n d s h o w f avou r i t i sm to those o f the i r 

r e p r o d u c t i v e s ib l ings t h a t sha re fea tures tha t they p e r c e i v e themse lves to 

possess, o r d i n a r y l i n k a g e effects b e c o m e a l l - i m p o r t a n t a n d S h e r m a n ' s 

h y p o t h e s i s c o u l d e s c a p e the ' A c e o f S p a d e s F a l l a c y ' . I t w o u l d also, 

i n c i d e n t a l l y , e s c a p e the first o f S h e r m a n ' s o w n ob j ec t i ons , n a m e l y tha t the 

h y p o t h e s i s ' d e p e n d s on the ex i s t ence o f a l le les tha t e n a b l e the i r beare rs to 

r e c o g n i z e the i r a l l e l e s ' . ' S u c h r e c o g n i t i o n a l le les h a v e n e v e r b e e n dis

c o v e r e d . . . ' , a n d , b y i m p l i c a t i o n , a re p re t t y i m p l a u s i b l e . S h e r m a n cou ld 

m a k e th ings eas ie r for h i m s e l f by t y i n g his h y p o t h e s i s t o the a r m p i t r a the r 

t h a n the g r e e n - b e a r d effect.) 

M y s e c o n d d i f f icu l ty w i t h S h e r m a n ' s hypo thes i s w a s b r o u g h t t o m y 

a t t e n t i o n b y J . M a y n a r d S m i t h (persona l c o m m u n i c a t i o n ) . T a k i n g the 

' a r m p i t ' v e r s i o n o f the t h e o r y , i t i s i n d e e d c o n c e i v a b l e tha t w o r k e r s m igh t be 

se l ec ted to inspec t t h e m s e l v e s , a n d s h o w favour i t i sm t o w a r d s those o f their 

r e p r o d u c t i v e s ib l ings t ha t sha re thei r o w n i n d i v i d u a l cha rac t e r i s t i c s . I t i s also 

t rue tha t q u e e n s w o u l d then be se l ec ted to suppress this f avour i t i sm i f they 

c o u l d , for i n s t a n c e by p h e r o m o n a l m a n i p u l a t i o n . B u t , i n o r d e r t o be se lec ted , 

a n y s u c h m o v e on the p a r t o f a q u e e n w o u l d h a v e to h a v e an effect a s soon as 

i t a rose as a m u t a t i o n . W o u l d this be t rue of a m u t a t i o n tha t i nc reased a 

q u e e n ' s c h r o m o s o m e n u m b e r ? N o i t w o u l d no t . A n inc rease i n c h r o m o s o m e 

n u m b e r w o u l d c h a n g e the se lec t ion pressures b e a r i n g o n w o r k e r f avour i t i sm, 

a n d m a n y g e n e r a t i o n s l a t e r i t m i g h t p r o d u c e a n e v o l u t i o n a r y c h a n g e w h i c h 

w o u l d be t o t he a d v a n t a g e o f q u e e n s i n g e n e r a l . B u t this w o u l d not h e l p the 

o r i g i n a l m u t a n t q u e e n , w h o s e w o r k e r s w o u l d fo l low thei r o w n gene t i c 

p r o g r a m m i n g a n d w o u l d b e o b l i v i o u s t o c h a n g e s i n se lec t ion pressures. 

C h a n g e s in s e l ec t ion pressures exe r t the i r effects o v e r the l o n g e r t ime-sca le o f 
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gene ra t ions . A q u e e n c a n n o t be e x p e c t e d to in i t i a t e a p r o g r a m of a r t i f ic ia l 

se lec t ion for the l o n g - t e r m benef i t o f future q u e e n s ! T h e h y p o t h e s i s m a y b e 

rescued from this o b j e c t i o n by s u g g e s t i n g tha t h i g h c h r o m o s o m e n u m b e r s a re 

not a n a d a p t a t i o n t o fac i l i t a te q u e e n m a n i p u l a t i o n o f w o r k e r s , b u t r a t h e r a re 

a p r e a d a p t a t i o n . T h o s e g r o u p s tha t h a p p e n e d , for o t h e r r easons , to h a v e 

h i g h c h r o m o s o m e n u m b e r s , w e r e the mos t l i ke ly t o e v o l v e e u s o c i a l i t y . 

S h e r m a n m e n t i o n s this v e r s i o n o f his hypo thes i s , b u t sees no r ea son to f a v o u r 

i t o v e r the m o r e pos i t ive , m a t e r n a l - m a n i p u l a t i o n v e r s i o n . In c o n c l u s i o n , 

S h e r m a n ' s hypo thes i s c a n be m a d e t h e o r e t i c a l l y s o u n d , i f i t i s p h r a s e d in 

terms o f p r e a d a p t a t i o n r a the r t h a n a d a p t a t i o n , a n d i n t e rms o f the a r m p i t 

effect r a the r t han the g r e e n - b e a r d effect. 

T h e g r e e n - b e a r d effect m a y b e i m p l a u s i b l e , b u t i t i s i n s t r u c t i v e . T h e 

s tudent o f k in se lec t ion w h o first u n d e r s t a n d s the h y p o t h e t i c a l g r e e n - b e a r d 

effect, a n d then a p p r o a c h e s k in se lec t ion t h e o r y in t e rms of its s imi la r i t i e s to 

and differences from ' g r e e n - b e a r d t h e o r y ' , i s u n l i k e l y to fall p r e y to the m a n y 

t e m p t i n g oppo r tun i t i e s for e r ro r t ha t k in s e l ec t ion t h e o r y offers ( D a w k i n s 

1 9 7 9 a ) . M a s t e r y o f the g r e e n - b e a r d m o d e l w i l l c o n v i n c e h i m t h a t a l t r u i sm 

t o w a r d s k in i s no t an end in itself, s o m e t h i n g tha t a n i m a l s a re m y s t e r i o u s l y 

e x p e c t e d t o p rac t i se i n a c c o r d a n c e w i t h s o m e c l e v e r m a t h e m a t i c s tha t f ield 

worke r s d o n ' t u n d e r s t a n d . R a t h e r , k insh ip p r o v i d e s j u s t o n e w a y i n w h i c h 

genes c a n b e h a v e a s i f t h e y r e c o g n i z e d a n d f a v o u r e d c o p i e s o f t h e m s e l v e s i n 

o the r i n d i v i d u a l s . H a m i l t o n h i m s e l f i s e m p h a t i c o n this p o i n t : ' . . . k i n s h i p 

should b e cons ide r ed j u s t o n e w a y o f g e t t i n g pos i t ive regress ion o f g e n o t y p e 

in the r ec ip i en t , a n d . . . i t i s this pos i t ive regress ion tha t i s v i t a l l y neces sa ry 

for a l t ru ism. T h u s the inc lus ive fitness c o n c e p t i s m o r e g e n e r a l than " k i n 

s e l e c t i o n " ' ( H a m i l t o n 1 9 7 5 a , p . 1 4 0 - 1 4 1 ) . 

H a m i l t o n i s he re u s ing w h a t he ea r l i e r d e s c r i b e d a s ' the e x t e n d e d m e a n i n g 

o f inc lus ive fitness' ( H a m i l t o n 1 9 6 4 b , p . 2 5 ) . T h e c o n v e n t i o n a l m e a n i n g o f 

inc lus ive fitness, the m e a n i n g u p o n w h i c h H a m i l t o n h i m s e l f b a s e d his 

de t a i l ed m a t h e m a t i c s , i s i n c a p a b l e o f h a n d l i n g the g r e e n - b e a r d effect a n d , 

i ndeed , o u t l a w s such as m e i o t i c - d r i v e g e n e s . T h i s i s b e c a u s e i t i s f i rmly t ied 

to the idea of the individual organism as ' v e h i c l e ' or ' m a x i m i z i n g en t i t y ' . 

O u t l a w genes d e m a n d to be t r ea t ed a s selfish m a x i m i z i n g ent i t ies i n the i r 

o w n r ight , a n d they cons t i tu te a s t rong w e a p o n in the case a g a i n s t the 'selfish 

o r g a n i s m ' p a r a d i g m . N o w h e r e i s this be t t e r e x e m p l i f i e d t h a n in H a m i l t o n ' s 

o w n ingen ious ex tens ions o f F i sher ' s sex r a t io t h e o r y ( H a m i l t o n 1 9 6 7 ) . 

T h e g r e e n - b e a r d t h o u g h t e x p e r i m e n t i s i n s t ruc t ive i n fur ther w a y s . A n y o n e 

w h o thinks a b o u t genes l i t e ra l ly a s m o l e c u l a r ent i t ies i s i n d a n g e r o f b e i n g 

mis led by passages l ike ' W h a t i s the selfish g e n e ? I t i s no t j u s t o n e s ing le 

phys i ca l bi t o f D N A . . . I t i s all replicas o f a p a r t i c u l a r b i t o f D N A , d i s t r i b u t e d 

t h r o u g h o u t the w o r l d . . . a d i s t r ibu ted a g e n c y , e x i s t i n g i n m a n y different 

i nd iv idua l s a t o n c e . . . a g e n e m i g h t be a b l e to assist replicas o f i t se l f w h i c h a re 

s i t t ing i n o the r b o d i e s . ' T h e w h o l e o f k in se lec t ion t h e o r y rests on this g e n e r a l 
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premi se , y e t i t w o u l d be m y s t i c a l a n d w r o n g to th ink tha t genes assist cop ies o f 

e a c h o t h e r because those cop ie s a re i d e n t i c a l m o l e c u l e s to t hemse lves . A g reen -

b e a r d t h o u g h t e x p e r i m e n t he lps t o e x p l a i n this. C h i m p a n z e e s a n d gor i l las 

a r e so s i m i l a r t ha t a g e n e in o n e species m i g h t be p h y s i c a l l y i den t i ca l in its 

m o l e c u l a r de ta i l s to a g e n e in the o the r . Is this m o l e c u l a r iden t i ty a sufficient 

r eason to e x p e c t s e l ec t ion to f a v o u r g e n e s in o n e spec ies ' r e c o g n i z i n g ' cop ies 

o f t h e m s e l v e s i n the o t h e r spec ies , a n d e x t e n d i n g t h e m a h e l p i n g h a n d ? T h e 

a n s w e r i s n o , a l t h o u g h a n a i v e a p p l i c a t i o n of 'selfish g e n e ' r e a s o n i n g a t the 

m o l e c u l a r l e v e l m i g h t l e a d us to th ink o t h e r w i s e . 

N a t u r a l s e l ec t ion a t the g e n e l eve l i s c o n c e r n e d w i t h c o m p e t i t i o n a m o n g 

a l le les for a p a r t i c u l a r c h r o m o s o m a l slot in a sha red g e n e - p o o l . A g reen -

b e a r d g e n e in the c h i m p a n z e e g e n e poo l is no t a c a n d i d a t e for a slot on a n y 

g o r i l l a c h r o m o s o m e , a n d n o r i s a n y of its a l le les . I t i s therefore indifferent to 

the fate of its s t r u c t u r a l l y i d e n t i c a l c o u n t e r p a r t in the go r i l l a g e n e - p o o l . ( I t 

m i g h t no t be indi f ferent to the fate o f its p h e n o t y p i c a l l y iden t i ca l 

c o u n t e r p a r t i n the g o r i l l a g e n e - p o o l , b u t tha t has n o t h i n g to do w i t h 

m o l e c u l a r i d e n t i t y . ) As far a s the present a r g u m e n t i s c o n c e r n e d , c h i m p 

g e n e s a n d g o r i l l a g e n e s a r e no t cop ie s o f e a c h o t h e r i n an i m p o r t a n t sense. 

T h e y a re c o p i e s o f e a c h o t h e r o n l y i n the t r iv ia l sense tha t they h a p p e n t o 

h a v e the i d e n t i c a l m o l e c u l a r s t ruc tu re . T h e u n c o n s c i o u s , m e c h a n i c a l l a w s o f 

n a t u r a l s e l ec t ion g i v e us no g r o u n d s for e x p e c t i n g t h e m to assist m o l e c u l a r 

cop i e s , j u s t b e c a u s e t hey are m o l e c u l a r cop ie s . 

C o n v e r s e l y , we m i g h t be jus t i f ied in e x p e c t i n g to see genes assist ing 

m o l e c u l a r l y dif ferent a l le les a t the i r o w n locus w i t h i n a spec ies g e n e - p o o l , 

p r o v i d e d t h e y h a d the s a m e p h e n o t y p i c effects. A p h e n o t y p i c a l l y neu t ra l 

m u t a t i o n a t a l ocus c h a n g e s m o l e c u l a r i den t i t y b u t does n o t h i n g to w e a k e n 

a n y s e l ec t i on the re m a y b e i n f a v o u r o f m u t u a l ass is tance . G r e e n - b e a r d 

a l t r u i sm c o u l d still i nc r ea se the i n c i d e n c e o f g r e e n - b e a r d p h e n o t y p e s in the 

p o p u l a t i o n , e v e n t h o u g h g e n e s w e r e assis t ing o t h e r genes tha t w e r e not 

s t r ic t c o p i e s of t h e m s e l v e s in the m o l e c u l a r sense. I t i s the i n c i d e n c e of 

p h e n o t y p e s tha t w e a re in te res ted i n e x p l a i n i n g , no t the i n c i d e n c e o f 

m o l e c u l a r c o n f i g u r a t i o n s o f D N A . A n d i f a n y r e a d e r th inks tha t last r e m a r k 

c o n t r a d i c t s my bas i c thesis , I mus t h a v e fai led to m a k e my bas ic thesis c l e a r ! 

L e t m e use t he g r e e n b e a r d i n o n e m o r e i n s t ruc t ive t h o u g h t e x p e r i m e n t , t o 

c la r i fy the t h e o r y of r e c i p r o c a l a l t ru i sm. I h a v e c a l l e d the g r e e n - b e a r d effect 

i m p l a u s i b l e , w i t h the poss ib le e x c e p t i o n o f the sex c h r o m o s o m e spec ia l cases. 

B u t the re i s a n o t h e r s p e c i a l case w h i c h c o u l d c o n c e i v a b l y h a v e s o m e 

c o u n t e r p a r t i n r ea l i t y . I m a g i n e a g e n e p r o g r a m m i n g the b e h a v i o u r a l r u l e : 

' I f y o u see a n o t h e r i n d i v i d u a l p e r f o r m i n g a n a l t ru is t ic a c t , r e m e m b e r the 

i n c i d e n t , a n d i f the o p p o r t u n i t y arises b e h a v e a l t ru i s t i ca l ly t o w a r d s tha t 

i n d i v i d u a l i n fu tu re ' ( D a w k i n s 1 9 7 6 a , p . 9 6 ) . T h i s m a y b e ca l l ed the 

' a l t r u i s m - r e c o g n i t i o n effect . ' U s i n g the l e g e n d a r y e x a m p l e o f H a l d a n e ' s 

( 1 9 5 5 ) j u m p i n g i n to the r i v e r to s a v e a d r o w n i n g person , the g e n e tha t I am 
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pos tu l a t i ng m i g h t sp r ead b e c a u s e i t w a s , in effect, r e c o g n i z i n g c o p i e s o f itself. 

I t is, in fact , a k ind of g r e e n - b e a r d g e n e . I n s t e a d of u s i n g an i n c i d e n t a l 

p le io t rop ic r e c o g n i t i o n c h a r a c t e r such as a g r e e n b e a r d , i t uses a n o n -

inc iden t a l o n e : the b e h a v i o u r p a t t e r n o f a l t ru is t ic r e s c u i n g itself. R e s c u e r s 

tend to s ave o n l y o thers w h o h a v e r e scued s o m e b o d y in the i r t i m e , so the 

gene tends t o s ave cop ies o f i t se l f (se t t ing as ide p r o b l e m s o f h o w the s y s t e m 

cou ld ge t s ta r ted , e t c . ) . M y po in t i n b r i n g i n g this h y p o t h e t i c a l e x a m p l e u p 

here is to e m p h a s i z e its d is t inc tness f rom t w o o the r , supe r f i c i a l l y s imi l a r 

cases. T h e f i r s t i s the o n e H a l d a n e h i m s e l f w a s i l l u s t r a t ing , the s a v i n g o f c lose 

k i n ; t hanks t o H a m i l t o n w e n o w u n d e r s t a n d this w e l l . T h e s e c o n d i s 

r e c i p r o c a l a l t ru i sm ( T r i v e r s 1 9 7 1 ) . A n y r e s e m b l a n c e b e t w e e n t rue r e c i p r o c a l 

a l t ru ism a n d the h y p o t h e t i c a l a l t r u i s m - r e c o g n i t i o n case I am n o w d i scuss ing 

i s p u r e l y a c c i d e n t a l ( R o t h s t e i n 1981) . T h e r e s e m b l a n c e , h o w e v e r , s o m e t i m e s 

m u d d l e s s tudents o f the t h e o r y o f r e c i p r o c a l a l t r u i s m , w h i c h i s w h y I am 

m a k i n g use o f g r e e n - b e a r d t heo ry to d i spe l the m u d d l e . 

In t rue r e c i p r o c a l a l t ru i sm, the ' a l t ru i s t ' s tands to g a i n in the fu ture f rom 

the p resence o f the individual b e n e f i c i a r y o f his a l t r u i sm . T h e effect w o r k s 

e v e n i f the t w o sha re no g e n e s , a n d e v e n (contra R o t h s t e i n 1 9 8 1 ) i f t hey 

b e l o n g to different spec ies , a s i n T r i v e r s ' s e x a m p l e o f the m u t u a l i s m b e t w e e n 

c l eane r f i s h a n d thei r c l ien ts . G e n e s m e d i a t i n g s u c h r e c i p r o c a l a l t r u i sm 

benefi t the rest o f the g e n o m e no less t h a n t hey benef i t t h e m s e l v e s , a n d a re 

c l ea r ly not o u t l a w s . T h e y a re f a v o u r e d b y o r d i n a r y , f a m i l i a r n a t u r a l 

se lec t ion , a lbe i t s o m e p e o p l e (e .g . S a h l i n s 1 9 7 7 , p p . 8 5 - 8 7 ) s e e m t o h a v e 

diff iculty i n u n d e r s t a n d i n g the p r i n c i p l e , a p p a r e n t l y b e c a u s e t h e y o v e r l o o k 

the f r e q u e n c y - d e p e n d e n t n a t u r e o f the se lec t ion a n d the c o n s e q u e n t need to 

think i n g a m e - t h e o r e t i c t e rms ( D a w k i n s 1 9 7 6 a , p p . 197—201; A x e l r o d a n d 

H a m i l t o n 1 9 8 1 ) . T h e a l t r u i s m - r e c o g n i t i o n effect i s f u n d a m e n t a l l y different , 

t h o u g h super f ic ia l ly s imi l a r . T h e r e i s no n e e d for the a l t r u i sm r e c o g n i z e r 

i n d i v i d u a l to r e p a y a g o o d tu rn d o n e to himself. He s i m p l y r e c o g n i z e s g o o d 

deeds d o n e to a n y b o d y , a n d s ingles o u t the a l t ru is t for his o w n l a t e r f a v o u r s . 

I t w o u l d be imposs ib l e to g i v e a sens ib le a c c o u n t o f o u t l a w s in t e rms o f 

i nd iv idua l s m a x i m i z i n g the i r f i t n e s s . T h a t i s the r eason for g i v i n g t h e m 

p r o m i n e n c e in this b o o k . At the b e g i n n i n g o f the c h a p t e r I d i v i d e d o u t l a w s 

in to ' a l l e l ic o u t l a w s ' a n d ' l a t e r a l l y s p r e a d i n g o u t l a w s ' . A l l the sugges t ed 

o u t l a w s w e h a v e s o far c o n s i d e r e d h a v e b e e n a l l e l i c : t h e y a r e f a v o u r e d o v e r 

their a l le les a t the i r o w n loc i , w h i l e b e i n g o p p o s e d by modi f i e r s a t o t h e r l oc i . 

I n o w turn t o l a t e r a l l y s p r e a d i n g o u t l a w s . T h e s e a re o u t l a w s u n r u l y e n o u g h 

t o b reak a w a y a l t o g e t h e r f rom the d i sc ip l ine o f a l l e l i c c o m p e t i t i o n w i t h i n the 

confines o f a l ocus . T h e y s p r e a d to o the r loc i , e v e n c r e a t e n e w loc i for 

themse lves b y i n c r e a s i n g the s ize o f the g e n o m e . T h e y a re c o n v e n i e n t l y 

discussed u n d e r the h e a d i n g 'Self ish D N A ' , a c a t c h - p h r a s e w h i c h has 

r ecen t ly a c q u i r e d c u r r e n c y in the p a g e s o f Nature. T h i s w i l l be the s u b j e c t of 

the f i r s t pa r t o f the n e x t c h a p t e r . 
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T h i s c h a p t e r w i l l be a s o m e w h a t m i s c e l l a n e o u s o n e , g a t h e r i n g 

t o g e t h e r the resul ts o f m y b r i e f a n d f o o l h a r d y incur s ions in to the h in te r l ands 

o f f ields far f rom m y o w n , m o l e c u l a r a n d cel l b i o l o g y , i m m u n o l o g y a n d 

e m b r y o l o g y . T h e b r e v i t y I jus t i fy o n the g r o u n d s tha t g r e a t e r l eng th w o u l d 

b e e v e n m o r e f o o l h a r d y . T h e foo lhard iness i s less defens ib le , bu t m a y 

p e r h a p s be f o r g i v e n on the g r o u n d s tha t an e q u a l l y rash ea r l i e r ra id y i e lded 

the g e r m o f a n i d e a w h i c h s o m e m o l e c u l a r b io logis t s n o w take ser ious ly u n d e r 

the n a m e o f Self ish D N A . 

Selfish DNA 

. . . i t a p p e a r s t ha t the a m o u n t o f D N A in o r g a n i s m s i s m o r e than i s 

s t r ic t ly n e c e s s a r y for b u i l d i n g t h e m : a l a rge f rac t ion o f the D N A i s 

n e v e r t r ans l a t ed i n to p r o t e i n . F r o m the p o i n t o f v i e w o f the i n d i v i d u a l 

o r g a n i s m this seems p a r a d o x i c a l . I f the ' p u r p o s e ' o f D N A i s t o 

supe rv i se the b u i l d i n g of bod ie s , i t is su rpr i s ing to find a l a rge 

q u a n t i t y o f D N A w h i c h does n o such t h ing . Bio log is t s a re r a c k i n g 

the i r b r a in s t r y i n g t o th ink w h a t this surp lus D N A i s d o i n g . B u t from 

the p o i n t o f v i e w of the selfish genes t hemse lves , the re i s no p a r a d o x . 

T h e t rue ' p u r p o s e ' o f D N A i s t o s u r v i v e , n o m o r e a n d n o less. T h e 

s imples t w a y to e x p l a i n the surp lus D N A is to suppose tha t i t i s a 

p a r a s i t e , or at best a ha rmles s b u t useless passenger , h i t c h i n g a r ide in 

the s u r v i v a l m a c h i n e s c r e a t e d b y the o t h e r D N A [ D a w k i n s 1 9 7 6 a , 

p . 4 7 ] . 

T h i s i d e a w a s d e v e l o p e d fur ther a n d w o r k e d ou t m o r e fully b y m o l e c u l a r 

b io log is t s in t w o s t i m u l a t i n g p a p e r s p u b l i s h e d s i m u l t a n e o u s l y in Nature 

( D o o l i t t l e & S a p i e n z a 1980 ; O r g e l & C r i c k 1980) . T h e s e p a p e r s p r o v o k e d 

c o n s i d e r a b l e d i scuss ion , in l a te r issues of Nature ( sympos i a in V o l . 285, p p . 

6 1 7 - 6 2 0 a n d V o l . 288, p p . 6 4 5 - 6 4 8 ) a n d e l s e w h e r e (e .g . B B C rad io 

156 
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discuss ion) . T h e i d e a is, o f cour se , h i g h l y c o n g e n i a l t o the w h o l e thesis b e i n g 

a d v a n c e d in this b o o k . 

T h e facts a re a s fo l lows . T h e to ta l a m o u n t o f D N A i n different o r g a n i s m s i s 

v e r y v a r i a b l e , a n d the v a r i a t i o n does not m a k e o b v i o u s sense i n t e rms o f 

p h y l o g e n y . T h i s i s the so -ca l l ed ' C - v a l u e p a r a d o x ' . ' I t s eems t o t a l l y 

i m p l a u s i b l e t ha t the n u m b e r o f r a d i c a l l y dif ferent g e n e s n e e d e d in a 

s a l a m a n d e r is 20 t imes tha t found in a m a n ' ( O r g e l & C r i c k 1980) . I t is 

e q u a l l y i m p l a u s i b l e tha t s a l a m a n d e r s o n the W e s t s ide o f N o r t h A m e r i c a 

should need m a n y t imes m o r e D N A than c o n g e n e r i c s a l a m a n d e r s o n the 

East s ide. A l a r g e p e r c e n t a g e o f the D N A in e u k a r y o t i c g e n o m e s i s n e v e r 

t rans la ted . T h i s ' junk D N A ' m a y l ie b e t w e e n c is t rons , i n w h i c h case i t i s 

k n o w n a s s p a c e r D N A , o r i t m a y consist o f u n e x p r e s s e d ' i n t rons ' w i t h i n 

cistrons, in te rspersed w i t h the expressed par t s o f the c i s t ron , t he ' e x o n s ' 

( C r i c k 1 9 7 9 ) . T h e a p p a r e n t l y surp lus D N A m a y b e t o v a r y i n g ex t en t s 

repe t i t ive a n d m e a n i n g l e s s i n te rms o f the g e n e t i c c o d e . S o m e i s p r o b a b l y 

n e v e r t r ansc r ibed in to R N A . O t h e r po r t ions m a y b e t r a n s c r i b e d i n to R N A , 

bu t then ' sp l iced o u t ' be fore the R N A i s t r ans l a t ed i n to a m i n o a c i d s e q u e n c e s . 

E i the r w a y , i t i s n e v e r expressed p h e n o t y p i c a l l y , i f by p h e n o t y p i c exp re s s ion 

w e m e a n express ion v i a the o r t h o d o x rou te o f c o n t r o l l i n g p r o t e i n syn thes i s 

(Dool i t t l e & S a p i e n z a 1980) . 

T h i s does no t m e a n , h o w e v e r , t ha t the so -ca l l ed j u n k D N A i s n o t s u b j e c t 

t o n a t u r a l s e l ec t ion . V a r i o u s ' func t ions ' for i t h a v e b e e n p r o p o s e d , w h e r e 

' func t ion ' m e a n s a d a p t i v e benef i t t o the o r g a n i s m . T h e ' f u n c t i o n ' o f 

ex t r a D N A m a y ' s imp ly b e t o s e p a r a t e the g e n e s ' ( C o h e n 1 9 7 7 , p . 1 7 2 ) . E v e n 

i f a s t re tch o f D N A i s no t i t se l f t r ansc r ibed , i t c a n i n c r e a s e t he f r e q u e n c y o f 

crossovers b e t w e e n g e n e s s i m p l y b y o c c u p y i n g s p a c e b e t w e e n t h e m , a n d this 

i s a k ind o f p h e n o t y p i c express ion . S p a c e r D N A m i g h t , the re fore , i n s o m e 

sense be f a v o u r e d by n a t u r a l se lec t ion b e c a u s e of its effects on c ros sove r 

f requencies . I t w o u l d not , h o w e v e r , b e c o m p a t i b l e w i t h c o n v e n t i o n a l u s a g e 

to desc r ibe a l e n g t h of s p a c e r D N A as e q u i v a l e n t to a ' g e n e for ' a g i v e n 

r e c o m b i n a t i o n ra te . To qua l i fy for this t i t le , a g e n e m u s t h a v e an effect on 

r e c o m b i n a t i o n rates in comparison with its alleles. It is m e a n i n g f u l to s p e a k of a 

g i v e n l e n g t h o f s p a c e r D N A a s h a v i n g a l l e l e s — d i f f e r i n g s e q u e n c e s 

o c c u p y i n g the s a m e s p a c e on o the r c h r o m o s o m e s i n the p o p u l a t i o n . B u t s ince 

the p h e n o t y p i c effect o f s p a c i n g o u t g e n e s i s a resul t so l e ly of the l e n g t h of the 

s tretch o f s p a c e r D N A , a l l a l le les a t a g i v e n ' l o c u s ' m u s t h a v e t he s a m e 

' p h e n o t y p i c exp re s s ion ' i f t hey a l l h a v e the s a m e l e n g t h . I f the ' f u n c t i o n ' o f 

surplus D N A i s ' t o ' s p a c e o u t g e n e s , there fore , the w o r d func t i on i s b e i n g 

used in an u n u s u a l w a y . T h e n a t u r a l se l ec t ion process i n v o l v e d i s no t the 

o r d i n a r y n a t u r a l se lec t ion a m o n g a l le les a t a l ocus . R a t h e r , i t i s the 

pe rpe tua t i on o f a fea tu re o f the g e n e t i c s y s t e m — d i s t a n c e b e t w e e n g e n e s . 

A n o t h e r poss ib le ' f unc t i on ' for the n o n - e x p r e s s e d D N A i s tha t s u g g e s t e d 

by C a v a l i e r - S m i t h ( 1 9 7 8 ) . His t h e o r y i s e n c a p s u l a t e d in his t i t l e : ' N u c l e a r 
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v o l u m e c o n t r o l b y n u c l e o s k e l e t a l D N A , se lec t ion for ce l l v o l u m e a n d cel l 

g r o w t h ra te , a n d the so lu t ion o f the D N A C - v a l u e p a r a d o x . ' H e thinks tha t 

' K - s e l e c t e d ' o r g a n i s m s need l a r g e r cel ls t h a n ' r - se lec ted ' ones , a n d tha t 

v a r y i n g the to t a l a m o u n t o f D N A p e r ce l l i s a g o o d w a y o f c o n t r o l l i n g cel l 

s ize . He asserts t ha t ' t he re i s a g o o d c o r r e l a t i o n b e t w e e n s t rong r-select ion, 

sma l l cel ls a n d l o w C - v a l u e s o n the o n e h a n d a n d b e t w e e n K-se lec t ion , l a rge 

cel ls a n d h i g h C - v a l u e s on the o t h e r ' . I t w o u l d be in te res t ing to test for this 

c o r r e l a t i o n s t a t i s t i ca l ly , t a k i n g a c c o u n t o f the diff icul t ies inheren t in 

q u a n t i t a t i v e c o m p a r a t i v e s u r v e y s ( H a r v e y & M a c e in press) . T h e r\K dis

t i nc t i on itself, t oo , seems to a rouse w i d e s p r e a d d o u b t s a m o n g ecologis t s , for 

reasons tha t h a v e n e v e r b e e n q u i t e c l e a r t o m e , a n d s o m e t i m e s seem u n c l e a r 

to t h e m too . I t i s o n e of those c o n c e p t s t ha t i s often used , b u t a lmos t 

a l w a y s a c c o m p a n i e d by a r i tua l i s t ic a p o l o g y , the i n t e l l e c t u a l e q u i v a l e n t o f 

t o u c h i n g w o o d . S o m e o b j e c t i v e i n d e x o f a species ' s pos i t ion on the r /K 

c o n t i n u u m w o u l d be n e e d e d before a r i go rous test o f the c o r r e l a t i o n c o u l d be 

u n d e r t a k e n . 

W h i l e a w a i t i n g fur ther e v i d e n c e for a n d a g a i n s t h y p o t h e s e s o f the 

C a v a l i e r - S m i t h v a r i e t y , the t h i n g to n o t i c e in the p resen t c o n t e x t i s tha t they 

a re h y p o t h e s e s m a d e i n the t r a d i t i o n a l m o u l d ; t hey a re based o n the idea 

tha t D N A , l ike a n y o t h e r a s p e c t o f an o r g a n i s m , i s se lec ted b e c a u s e i t does 

the o r g a n i s m s o m e g o o d . T h e selfish D N A h y p o t h e s i s i s ba sed o n a n 

i nve r s ion o f this a s s u m p t i o n : p h e n o t y p i c c h a r a c t e r s a re there b e c a u s e they 

h e l p D N A t o r e p l i c a t e itself, a n d i f D N A c a n find q u i c k e r a n d eas ier w a y s t o 

r e p l i c a t e itself, p e r h a p s b y p a s s i n g c o n v e n t i o n a l p h e n o t y p i c express ion , i t w i l l 

be se l ec ted to do so. E v e n i f the E d i t o r o f Nature ( V o l . 285, p . 604, 1980) goes 

a bi t far in d e s c r i b i n g i t as ' m i l d l y s h o c k i n g ' , the t h e o r y of selfish D N A is in a 

w a y r e v o l u t i o n a r y . B u t o n c e w e d e e p l y i m b i b e the f u n d a m e n t a l t ru th that 

an o r g a n i s m i s a tool o f D N A , r a the r t han the o t h e r w a y a r o u n d , the idea o f 

'selfish D N A ' b e c o m e s c o m p e l l i n g , e v e n o b v i o u s . 

T h e l i v i n g ce l l , e s p e c i a l l y the n u c l e u s i n e u k a r y o t e s , i s p a c k e d w i t h the 

a c t i v e m a c h i n e r y o f n u c l e i c a c i d r e p l i c a t i o n a n d r e c o m b i n a t i o n . D N A 

p o l y m e r a s e r e a d i l y ca t a ly se s the r e p l i c a t i o n o f a n y D N A , regard less o f 

w h e t h e r o r no t t ha t D N A i s m e a n i n g f u l i n te rms o f the g e n e t i c c o d e . 

' S n i p p i n g o u t ' o f D N A , a n d ' s p l i c i n g i n ' o f o the r bi ts o f D N A , a re also par ts o f 

the n o r m a l s tock in t r ade o f the c e l l u l a r a p p a r a t u s , for t hey o c c u r e v e r y t ime 

the re i s a c ro s sove r o r o t h e r t y p e o f r e c o m b i n a t i o n e v e n t . T h e fact tha t 

inve r s ions a n d o t h e r t r ans loca t ions so r e a d i l y o c c u r , fur ther testifies to the 

c a s u a l ease w i t h w h i c h c h u n k s o f D N A m a y b e c u t ou t o f o n e pa r t o f the 

g e n o m e , a n d s p l i c e d i n to a n o t h e r pa r t . R e p l i c a b i l i t y a n d ' s p l i c e a b i l i t y ' seem 

t o b e a m o n g the mos t sa l ien t fea tures o f D N A i n its n a t u r a l e n v i r o n m e n t 

( R i c h m o n d 1979) o f c e l l u l a r m a c h i n e r y . 

G i v e n the poss ib i l i t ies o f such a n e n v i r o n m e n t , g i v e n the ex i s tence o f 

c e l l u l a r fac tor ies set up for the r e p l i c a t i o n a n d sp l i c i ng o f D N A , i t i s o n l y to 

b e e x p e c t e d tha t n a t u r a l se l ec t ion w o u l d f a v o u r D N A v a r i a n t s tha t a re ab l e 
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t o exp lo i t the c o n d i t i o n s t o the i r o w n a d v a n t a g e . A d v a n t a g e , i n this c a s e , 

s imp ly m e a n s m u l t i p l e r e p l i c a t i o n i n g e r m - l i n e s . A n y v a r i e t y o f D N A w h o s e 

proper t ies h a p p e n t o m a k e i t r e a d i l y r e p l i c a t e d w i l l a u t o m a t i c a l l y b e c o m e 

c o m m o n e r i n the w o r l d . 

W h a t m i g h t such p roper t i e s b e ? P a r a d o x i c a l l y , w e a r e mos t f a m i l i a r w i t h 

the m o r e ind i rec t , e l a b o r a t e , a n d r o u n d a b o u t m e t h o d s b y w h i c h D N A 

m o l e c u l e s secure the i r fu ture . T h e s e are thei r p h e n o t y p i c effects on bod i e s , 

a c h i e v e d b y the p r o x i m a l rou te o f c o n t r o l l i n g p r o t e i n synthes i s , a n d h e n c e 

b y the m o r e d is ta l rou tes o f c o n t r o l l i n g e m b r y o n i c d e v e l o p m e n t o f 

m o r p h o l o g y , p h y s i o l o g y a n d b e h a v i o u r . B u t the re a re a lso m u c h m o r e d i r e c t 

a n d s imple w a y s i n w h i c h va r i e t i e s o f D N A c a n sp read a t the e x p e n s e o f r i va l 

var ie t ies . I t i s b e c o m i n g i n c r e a s i n g l y e v i d e n t tha t , in a d d i t i o n to t he l a r g e , 

o rde r ly c h r o m o s o m e s w i t h thei r w e l l - r e g i m e n t e d g a v o t t e , ce l l s a re h o m e to a 

m o t l e y riff-raff o f D N A a n d R N A f r agmen t s , c a s h i n g i n o n the per fec t 

e n v i r o n m e n t p r o v i d e d b y the c e l l u l a r a p p a r a t u s . 

T h e s e r e p l i c a t i n g f e l l ow- t r ave l l e r s g o b y v a r i o u s n a m e s d e p e n d i n g o n s ize 

and p r o p e r t i e s : p l a s m i d s , ep i somes , inser t ion s e q u e n c e s , p l a s m o n s , v i r i ons , 

t ransposons , r ep l i cons , v i ruses . W h e t h e r t hey s h o u l d b e r e g a r d e d a s rebe ls 

w h o h a v e b r o k e n a w a y f rom the c h r o m o s o m a l g a v o t t e , o r a s i n v a d i n g 

parasi tes f rom ou t s ide , seems to m a t t e r less a n d less. To t ake a p a r a l l e l , we 

m a y r e g a r d a p o n d , or a forest, as a c o m m u n i t y w i t h a c e r t a i n s t ruc tu re , a n d 

e v e n a ce r t a in s tab i l i ty . B u t the s t ruc tu re a n d s t ab i l i t y a r e m a i n t a i n e d in the 

face o f a cons t an t t u r n o v e r o f p a r t i c i p a n t s . I n d i v i d u a l s i m m i g r a t e a n d 

e m i g r a t e , n e w ones are b o r n a n d o ld ones d i e . T h e r e i s a f lu id i ty , a j u m p i n g 

in a n d out of c o m p o n e n t par ts , so tha t i t b e c o m e s m e a n i n g l e s s to t ry to 

d is t inguish ' t rue ' c o m m u n i t y m e m b e r s f rom fo re ign i n v a d e r s . So i t i s w i t h 

the g e n o m e . I t is not a s ta t ic s t ruc tu re , bu t a f luid c o m m u n i t y . ' J u m p i n g 

g e n e s ' i m m i g r a t e a n d e m i g r a t e ( C o h e n 1 9 7 6 ) . 

S i n c e the r a n g e o f poss ib le hosts in n a t u r e a t leas t for t r a n s f o r m i n g 

D N A a n d for p l a s m i d s such a s R P 4 i s so l a r g e , o n e feels t h a t a t least 

i n G r a m - n e g a t i v e b a c t e r i a all p o p u l a t i o n s m a y i n d e e d b e c o n n e c t e d . 

I t i s k n o w n tha t b a c t e r i a l D N A c a n b e exp re s sed i n w i d e l y different 

host species . . . I t m a y i n d e e d b y imposs ib l e t o v i e w b a c t e r i a l 

e v o l u t i o n in te rms of s imp le f ami ly t r ees ; r a the r , a n e t w o r k , w i t h 

c o n v e r g i n g a s w e l l a s d i v e r g i n g j u n c t i o n s , m a y be a m o r e a p p r o p r i a t e 

m e t a p h o r [ B r o d a 1 9 7 9 , p . 140] . 

S o m e au tho r s s p e c u l a t e tha t the n e t w o r k i s no t con f ined to b a c t e r i a l 

evo lu t i on (e .g . M a r g u l i s 1 9 7 6 ) . 

T h e r e i s subs t an t i a l e v i d e n c e tha t o r g a n i s m s a re no t l i m i t e d for the i r 

e v o l u t i o n to genes tha t b e l o n g to the g e n e p o o l o f the i r spec ies . 

R a t h e r i t seems m o r e p l a u s i b l e tha t in the t i m e - s c a l e o f e v o l u t i o n the 
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w h o l e o f the g e n e p o o l o f the b io sphe re i s a v a i l a b l e to a l l o rgan i sms 

a n d tha t the m o r e d r a m a t i c steps a n d a p p a r e n t d i scon t inu i t i e s i n 

e v o l u t i o n a re in fac t a t t r i b u t a b l e to v e r y ra re even t s i n v o l v i n g the 

a d o p t i o n o f p a r t o r a l l o f a fo re ign g e n o m e . O r g a n i s m s a n d g e n o m e s 

m a y thus b e r e g a r d e d a s c o m p a r t m e n t s o f the b io sphe re t h r o u g h 

w h i c h g e n e s i n g e n e r a l c i r c u l a t e a t v a r i o u s rates a n d in w h i c h 

i n d i v i d u a l g e n e s a n d o p e r o n s m a y b e i n c o r p o r a t e d i f o f sufficient 

a d v a n t a g e . . . ' [ J e o n & D a n i e l l i 1 9 7 1 ] . 

T h a t e u k a r y o t e s , i n c l u d i n g ourse lves , m a y not b e insu la ted from this 

h y p o t h e t i c a l g e n e t i c traffic i s sugges t ed by the f a s t - g r o w i n g success o f the 

t e c h n o l o g y o f ' g e n e t i c e n g i n e e r i n g ' , o r g e n e m a n i p u l a t i o n . T h e l ega l 

de f in i t ion o f g e n e m a n i p u l a t i o n in Br i t a in i s ' the fo rma t ion o f n e w 

c o m b i n a t i o n s o f h e r i t a b l e m a t e r i a l b y the inser t ion o f n u c l e i c ac id m o l e c u l e s , 

p r o d u c e d b y w h a t e v e r m e a n s ou t s ide the ce l l , in to a n y v i rus , b a c t e r i a l 

p l a s m i d or o t h e r v e c t o r sys t em so as to a l l o w the i r i n c o r p o r a t i o n in to a host 

o r g a n i s m i n w h i c h t h e y d o no t n a t u r a l l y o c c u r b u t i n w h i c h t hey a re c a p a b l e 

o f c o n t i n u e d p r o p a g a t i o n ' ( O l d & P r i m r o s e 1980, p . 1 ) . B u t o f course h u m a n 

g e n e t i c e n g i n e e r s a re b e g i n n e r s i n the g a m e . T h e y a re j u s t l e a r n i n g t o t ap 

the expe r t i s e o f the n a t u r a l g e n e t i c eng inee r s , the v i ruses a n d p l a smids that 

h a v e b e e n se l ec t ed t o m a k e the i r l i v i n g a t the t r ade . 

P e r h a p s the g r e a t e s t feat o f n a t u r a l g e n e t i c e n g i n e e r i n g on the g r a n d scale 

i s t he c o m p l e x o f m a n i p u l a t i o n s assoc ia ted w i t h s e x u a l r e p r o d u c t i o n in 

e u k a r y o t e s : meios i s , c r o s s i n g - o v e r a n d fe r t i l i za t ion . T w o o f o u r foremost 

m o d e r n evo lu t ion i s t s h a v e fa i led to e x p l a i n to thei r o w n sat is fact ion the 

a d v a n t a g e o f this e x t r a o r d i n a r y p r o c e d u r e for the i n d i v i d u a l o r g a n i s m 

( W i l l i a m s 1 9 7 5 ; M a y n a r d S m i t h 1 9 7 8 a ) . A s M a y n a r d S m i t h ( 1 9 7 8 a , p . 1 1 3 ) 

a n d W i l l i a m s ( 1 9 7 9 ) b o t h no te , this m a y b e o n e a r e a w h e r e , i f n o w h e r e else, 

w e sha l l h a v e t o s w i t c h o u r a t t en t ion a w a y from i n d i v i d u a l o r g a n i s m s t o t rue 

r ep l i c a to r s . W h e n w e t ry t o so lve the p a r a d o x o f the cost o f meios is , p e r h a p s 

ins tead o f w o r r y i n g a b o u t h o w sex he lps the organism we shou ld search for 

r e p l i c a t i n g ' e n g i n e e r s ' o f meios is , i n t r a c e l l u l a r a g e n t s w h i c h a c t u a l l y cause 

meios is t o h a p p e n . T h e s e h y p o t h e t i c a l eng inee r s , f r agmen t s o f n u c l e i c ac id 

w h i c h m i g h t l ie ins ide o r ou t s ide the c h r o m o s o m e s , w o u l d h a v e t o a c h i e v e 

thei r o w n r e p l i c a t i o n success as a b y p r o d u c t o f fo rc ing meios is u p o n the 

o r g a n i s m . In b a c t e r i a , r e c o m b i n a t i o n i s a c h i e v e d by a s epa ra t e f r a g m e n t of 

D N A o r ' sex f a c t o r ' w h i c h , i n o l d e r t e x t b o o k s , w a s t r ea ted a s a pa r t o f the 

b a c t e r i u m ' s o w n a d a p t i v e m a c h i n e r y , bu t w h i c h i s be t t e r r e g a r d e d as a 

r e p l i c a t i n g g e n e t i c e n g i n e e r w o r k i n g for its o w n g o o d . I n a n i m a l s , cent r io les 

are t h o u g h t t o b e s e l f - r ep l i ca t i ng ent i t ies w i t h thei r o w n D N A , l ike 

m i t o c h o n d r i a , a l t h o u g h un l ike m i t o c h o n d r i a t hey often pass t h r o u g h the 

m a l e as w e l l as the f e m a l e l ine . A l t h o u g h a t p resen t i t i s j u s t a j o k e to p i c tu re 

c h r o m o s o m e s b e i n g d r a g g e d k i c k i n g a n d s c r e a m i n g in to the s e c o n d a n a p h a s e 
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by ruthlessly selfish cen t r io les o r o t h e r m i n i a t u r e g e n e t i c e n g i n e e r s , s t r a n g e r 

ideas h a v e b e c o m e c o m m o n p l a c e i n the pas t . A n d , after a l l , o r t h o d o x 

theo r i z ing has so far fai led to d e n t the p a r a d o x of the cos t o f me ios i s . 

O r g e l a n d C r i c k (1980) say m u c h the s a m e a b o u t the lesser p a r a d o x o f 

v a r i a b l e C v a l u e s a n d a b o u t the selfish D N A t h e o r y t o a c c o u n t for i t : ' T h e 

m a i n facts a re , a t first s ight , so o d d tha t o n l y a s o m e w h a t u n c o n v e n t i o n a l 

idea i s l ike ly to e x p l a i n t h e m . ' By a c o m b i n a t i o n o f fact a n d d a y d r e a m e d 

e x t r a p o l a t i o n , I h a v e t r ied to set a s t age on to w h i c h selfish D N A i tse l f c a n 

en te r a lmos t u n n o t i c e d ; t o p a i n t a b a c k d r o p a g a i n s t w h i c h selfish D N A w i l l 

a p p e a r , no t u n c o n v e n t i o n a l b u t a l m o s t i n e s c a p a b l e . D N A t h a t i s n o t 

t rans la ted in to p ro te in , w h o s e c o d o n s w o u l d spel l m e a n i n g l e s s g i b b e r i s h i f 

they e v e r w e r e t r ans la t ed , m a y y e t v a r y i n its r e p l i c a b i l i t y , its s p l i c e a b i l i t y , 

and its res i s tance to d e t e c t i o n a n d d e l e t i o n by the d e b u g g i n g rou t ines o f the 

ce l lu l a r m a c h i n e r y . ' I n t r a g e n o m i c s e l e c t i o n ' c a n the re fore l e a d t o a n 

increase i n the a m o u n t o f c e r t a i n types o f m e a n i n g l e s s , o r u n t r a n s c r i b e d , 

D N A , l i t tered a r o u n d a n d c l u t t e r i n g u p the c h r o m o s o m e s . T r a n s l a t e d D N A , 

too, m a y be sub jec t t o this k ind o f se l ec t ion , a l t h o u g h he re the i n t r a g e n o m i c 

se lect ion pressures wi l l p r o b a b l y b e s w a m p e d b y m o r e p o w e r f u l pressures , 

pos i t ive a n d n e g a t i v e , r e su l t ing f rom c o n v e n t i o n a l p h e n o t y p i c effects. 

C o n v e n t i o n a l se lec t ion results i n c h a n g e s in the f r e q u e n c y o f r e p l i c a t o r s 

re la t ive to thei r a l le les a t de f ined loc i on the c h r o m o s o m e s o f p o p u l a t i o n s . 

I n t r a g e n o m i c se lec t ion o f selfish D N A i s a different k ind o f s e l ec t i on . H e r e 

we are no t d e a l i n g w i t h the r e l a t i v e success o f a l le les a t o n e l ocus in a g e n e -

poo l , bu t w i t h the s p r e a d a b i l i t y o f c e r t a i n k inds o f D N A t o different loc i o r 

the c r ea t i on o f n e w loc i . M o r e o v e r , the se lec t ion o f selfish D N A i s no t l i m i t e d 

to the t ime-sca le o f i n d i v i d u a l g e n e r a t i o n s ; i t c a n s e l e c t i v e l y i n c r e a s e in a n y 

mi to t i c ce l l d iv i s ion in the g e r m - l i n e s o f d e v e l o p i n g b o d i e s . 

In c o n v e n t i o n a l se l ec t ion , the v a r i a t i o n on w h i c h se l ec t ion ac t s i s 

p r o d u c e d , u l t i m a t e l y , b y m u t a t i o n , b u t w e u s u a l l y th ink o f i t a s m u t a t i o n 

w i t h i n the cons t ra in t s o f an o r d e r l y sys t em o f l o c i : m u t a t i o n p r o d u c e s a 

v a r i a n t g e n e a t a n a m e d locus . I t i s therefore poss ib le to t h ink of s e l ec t i on as 

c h o o s i n g a m o n g a l le les a t such a d i sc re te l ocus . M u t a t i o n in the l a r g e r sense, 

h o w e v e r , i n c l u d e s m o r e r a d i c a l c h a n g e s i n the g e n e t i c sys t em, m i n o r ones 

such as invers ions , a n d m a j o r ones such as c h a n g e s in c h r o m o s o m e n u m b e r 

o r p l o i d y , a n d c h a n g e s from s e x u a l i t y t o a s e x u a l i t y a n d v i c e ve r sa . T h e s e 

l a rger m u t a t i o n s ' c h a n g e the rules o f the g a m e ' b u t t hey a re st i l l , i n v a r i o u s 

senses, sub jec t t o n a t u r a l s e l ec t ion . I n t r a g e n o m i c se l ec t ion for selfish D N A 

be longs i n the list o f u n c o n v e n t i o n a l t ypes o f s e l ec t ion , no t i n v o l v i n g c h o i c e 

a m o n g al le les a t a d i sc re te l ocus . 

Selfish D N A i s se l ec ted for its p o w e r to sp r ead ' l a t e r a l l y ' , to g e t i t se l f 

d u p l i c a t e d in to n e w loc i e l s e w h e r e in the g e n o m e . I t does no t sp r ead a t the 

expense of a p a r t i c u l a r set of a l le les , in the w a y tha t , say , a g e n e for 

m e l a n i s m in m o t h s sp reads in indus t r i a l a r eas a t the e x p e n s e of its a l le les a t 
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the s a m e l o c u s . I t is this tha t d i s t ingu ishes it, as a ' l a t e r a l l y s p r e a d i n g 

o u t l a w ' , f rom the ' a l l e l i c o u t l a w s ' w h i c h w e r e the sub jec t o f the p rev ious 

c h a p t e r . L a t e r a l s p r e a d i n g to n e w loci i s l ike the sp r ead of a v i rus t h r o u g h a 

p o p u l a t i o n , o r l ike the sp r ead o f c a n c e r cel ls t h r o u g h a b o d y . O r g e l a n d 

C r i c k i n d e e d refer to the s p r e a d i n g of funct ionless r ep l i ca to r s as a ' c a n c e r of 

the g e n o m e ' . 

As for the q u a l i t i e s w h i c h a re a c t u a l l y l ike ly to be f a v o u r e d in the se lect ion 

of selfish D N A , I w o u l d h a v e to be a m o l e c u l a r b io log i s t in o rde r to p red ic t 

t h e m in d e t a i l . O n e does no t h a v e to be a m o l e c u l a r b io log i s t , h o w e v e r , t o 

su rmise tha t t hey m i g h t be classif ied in to t w o m a i n c lasses : qua l i t i e s that 

m a k e for ease o f d u p l i c a t i o n a n d inser t ion , a n d qua l i t i e s tha t m a k e i t 

diff icul t for d e f e n c e m e c h a n i s m s o f the ce l l to seek t h e m o u t a n d des t roy 

t h e m . J u s t as a c u c k o o e g g seeks p r o t e c t i o n by m i m i c k i n g the host eggs 

w h i c h l e g i t i m a t e l y i n h a b i t the nest , s o selfish D N A m i g h t e v o l v e m i m e t i c 

qua l i t i e s t ha t ' m a k e i t m o r e l ike o r d i n a r y D N A a n d so, p e r h a p s , less easy t o 

r e m o v e ' ( O r g e l & C r i c k ) . J u s t as a full u n d e r s t a n d i n g of c u c k o o a d a p t a t i o n s 

is l i ke ly to r e q u i r e a k n o w l e d g e of the p e r c e p t u a l sys tems of hosts, so a full 

a p p r e c i a t i o n o f the de ta i l s o f selfish D N A a d a p t a t i o n s wi l l r equ i r e de ta i l ed 

k n o w l e d g e o f e x a c t l y h o w D N A p o l y m e r a s e w o r k s , e x a c t l y h o w s n i p p i n g a n d 

s p l i c i n g o c c u r , e x a c t l y w h a t goes o n i n m o l e c u l a r ' p r o o f - r e a d i n g ' . W h i l e full 

k n o w l e d g e o f these m a t t e r s c a n o n l y c o m e f rom d e t a i l e d r e sea rch w o r k o f the 

k ind tha t m o l e c u l a r b io log is t s h a v e so b r i l l i an t ly s u c c e e d e d in before , i t is, 

p e r h a p s , no t too m u c h to h o p e tha t m o l e c u l a r b io logis ts m i g h t be a ided in 

thei r r e s e a r c h b y the r e a l i z a t i o n tha t D N A i s no t w o r k i n g for the g o o d o f the 

ce l l b u t for the g o o d o f itself. T h e m a c h i n e r y o f r e p l i c a t i o n , sp l i c ing , a n d 

p r o o f - r e a d i n g m a y be be t t e r u n d e r s t o o d i f i t i s seen as in pa r t the p r o d u c t of 

a ru th less a r m s r a c e . T h e p o i n t m a y b e e m p h a s i z e d w i t h the a id o f a n 

a n a l o g y . 

I m a g i n e tha t M a r s i s a U t o p i a in w h i c h the re i s c o m p l e t e trust, to ta l 

h a r m o n y , n o selfishness a n d n o d e c e i t . N o w i m a g i n e a scientist f rom M a r s 

t r y i n g t o m a k e sense o f h u m a n life a n d t e c h n o l o g y . S u p p o s e he s tud ied one o f 

o u r l a r g e d a t a p r o c e s s i n g c e n t r e s — a n e l e c t r o n i c c o m p u t e r w i t h its assoc ia ted 

m a c h i n e r y o f d u p l i c a t i o n , e d i t i n g a n d e r r o r - c o r r e c t i o n . I f h e m a d e the 

a s s u m p t i o n — n a t u r a l t o his o w n s o c i e t y — t h a t the m a c h i n e r y h a d been 

d e s i g n e d for the c o m m o n g o o d , h e w o u l d g o a l o n g w a y t o w a r d s 

u n d e r s t a n d i n g it. E r r o r - c o r r e c t i n g d e v i c e s , for i n s t ance , w o u l d c l e a r l y be 

d e s i g n e d t o c o m b a t the i n e v i t a b l e a n d n o n - m a l e v o l e n t S e c o n d L a w o f 

T h e r m o d y n a m i c s . B u t c e r t a i n aspec ts w o u l d r e m a i n p u z z l i n g . H e w o u l d 

m a k e n o sense o f the e l a b o r a t e a n d cos t ly sys tems o f s ecu r i ty a n d p r o t e c t i o n : 

secre t p a s s w o r d s a n d c o d e n u m b e r s tha t h a v e t o b e t y p e d i n b y c o m p u t e r 

users . I f o u r M a r t i a n e x a m i n e d a m i l i t a r y e l ec t ron i c c o m m u n i c a t i o n sys tem 

he m i g h t d i a g n o s e its p u r p o s e as the r ap id a n d efficient t ransmiss ion of useful 

i n f o r m a t i o n , a n d he m i g h t therefore be baff led by the t r o u b l e a n d expense t o 
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w h i c h the sys tem seems to go in o r d e r to e n c o d e its messages in a w a y w h i c h 

i s obscu re a n d h a r d to d e c o d e . I s this no t w a n t o n a n d a b s u r d i ne f f i c i ency? 

B r o u g h t up as he is in a t rus t ing U t o p i a , i t m i g h t r e q u i r e a m a j o r f lash of 

r e v o l u t i o n a r y ins igh t for o u r M a r t i a n t o see tha t m u c h o f h u m a n t e c h n o l o g y 

on ly m a k e s sense w h e n y o u r e a l i z e tha t h u m a n s distrust e a c h o t h e r , t ha t s o m e 

h u m a n s w o r k a g a i n s t the best interests o f o the r h u m a n s . T h e r e i s a s t r u g g l e 

b e t w e e n those w h o w i s h to o b t a i n i l l ic i t i n f o r m a t i o n f rom a c o m m u n i c a t i o n 

sys tem a n d those w h o wish t o w i t h h o l d tha t i n f o r m a t i o n f rom t h e m . M u c h o f 

h u m a n t e c h n o l o g y i s the p r o d u c t o f a r m s r aces a n d c a n o n l y b e u n d e r s t o o d 

in those t e rms . 

S p e c t a c u l a r a s the i r a c h i e v e m e n t s h a v e b e e n , i s i t poss ib le t ha t m o l e c u l a r 

biologis ts h a v e h i the r to , l ike b io logis t s a t o t h e r l eve l s , b e e n in s o m e t h i n g l ike 

the pos i t ion o f o u r M a r t i a n ? By a s s u m i n g tha t the ce l l i s a p l a c e w h e r e 

m o l e c u l a r m a c h i n e r y w h i r r s for the g o o d o f the o r g a n i s m , t h e y h a v e c o m e a 

l ong w a y . T h e y m a y g o fur ther i f t hey n o w c u l t i v a t e a m o r e c y n i c a l v i e w a n d 

c o u n t e n a n c e the poss ib i l i ty t ha t s o m e m o l e c u l e s m a y b e u p t o n o g o o d from 

the po in t o f v i e w o f the rest . O b v i o u s l y t hey a l r e a d y d o this w h e n t h e y 

c o n t e m p l a t e v i ruses a n d o the r i n v a d i n g paras i t es . A l l t ha t i s n e e d e d i s to 

turn the s a m e c y n i c a l e y e o n the ce l l ' s ' o w n ' D N A . I t i s b e c a u s e t h e y a r e 

s tar t ing to do j u s t this tha t I f ind the p a p e r s o f D o o l i t t l e a n d S a p i e n z a a n d 

O r g e l a n d C r i c k s o e x c i t i n g , i n c o m p a r i s o n w i t h the o b j e c t i o n s o f C a v a l i e r -

S m i t h (1980) , D o v e r (1980) a n d o thers , a l t h o u g h o f cou r se the o b j e c t o r s m a y 

b e r igh t i n the p a r t i c u l a r d e t a i l e d po in t s t h e y m a k e . O r g e l a n d C r i c k 

s u m m a r i z e the message w e l l : 

In short , we m a y e x p e c t a k ind o f m o l e c u l a r s t r u g g l e for e x i s t e n c e 

w i t h i n the D N A o f the c h r o m o s o m e s , u s ing the p rocess o f n a t u r a l 

se lec t ion . T h e r e i s no r eason to b e l i e v e t h a t this i s l i k e l y to be m u c h 

s imple r o r m o r e easy t o p r e d i c t t han e v o l u t i o n a t a n y o t h e r l e v e l . A t 

b o t t o m , the ex i s t ence o f selfish D N A i s poss ib le b e c a u s e D N A i s a 

m o l e c u l e w h i c h i s r e p l i c a t e d v e r y eas i ly a n d b e c a u s e selfish D N A 

occu r s in an e n v i r o n m e n t in w h i c h D N A r e p l i c a t i o n i s a necess i ty . I t 

thus has the o p p o r t u n i t y o f s u b v e r t i n g these essent ia l m e c h a n i s m s to 

its o w n p u r p o s e . 

In w h a t sense i s selfish D N A an o u t l a w ? I t i s an o u t l a w to the e x t e n t t ha t 

o rgan i sms w o u l d be be t t e r off w i t h o u t it. P e r h a p s i t was t e s s p a c e a n d 

m o l e c u l a r r a w m a t e r i a l s , p e r h a p s i t was t e fu l ly c o n s u m e s v a l u a b l e r u n n i n g 

t ime o n the d u p l i c a t i n g a n d p r o o f r e a d i n g m a c h i n e r y . I n a n y e v e n t w e m a y 

e x p e c t tha t se lec t ion w i l l tend t o e l i m i n a t e selfish D N A f rom the g e n o m e . W e 

m a y d i s t inguish t w o k inds o f 'ant i-self ish D N A ' s e l ec t i on . F i r s t ly , s e l ec t ion 

m i g h t f a v o u r pos i t ive a d a p t a t i o n s t o r id o r g a n i s m s o f selfish D N A . F o r 

e x a m p l e , the a l r e a d y d i s c o v e r e d p r o o f r e a d i n g p r i n c i p l e m i g h t b e e x t e n d e d . 
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L o n g s e q u e n c e s m i g h t b e e x a m i n e d for ' sense ' a n d exc i sed i f found w a n t i n g . 

I n p a r t i c u l a r , h i g h l y r e p e t i t i v e D N A m i g h t b e r e c o g n i z e d b y its s tat is t ical 

u n i f o r m i t y . T h e s e pos i t i ve a d a p t a t i o n s a re w h a t I h a d in m i n d in my a b o v e 

d i scuss ion o f a r m s r aces , ' m i m i c r y ' , e tc . W e are t a l k i n g , he re , a b o u t the 

e v o l u t i o n o f ant i -self ish D N A m a c h i n e r y w h i c h c o u l d b e a s e l a b o r a t e a n d a s 

s p e c i a l i z e d a s the a n t i p r e d a t o r a d a p t a t i o n s o f insects . 

T h e r e is, h o w e v e r , a s e c o n d k ind of se lec t ion tha t c o u l d ac t aga ins t selfish 

D N A , w h i c h i s m u c h s i m p l e r a n d c r u d e r . A n y o r g a n i s m that h a p p e n e d t o 

e x p e r i e n c e a r a n d o m d e l e t i o n o f pa r t o f its selfish D N A w o u l d , b y def in i t ion , 

be a m u t a n t o r g a n i s m . T h e d e l e t i o n i tse l f w o u l d be a m u t a t i o n , a n d i t w o u l d 

be f a v o u r e d by n a t u r a l s e l ec t ion to the e x t e n t t ha t o r g a n i s m s possessing i t 

bene f i t ed f rom it, p r e s u m a b l y b e c a u s e t hey d id not suffer the e c o n o m i c 

w a s t a g e o f s p a c e , m a t e r i a l s a n d t ime tha t selfish D N A b r ings . M u t a n t 

o r g a n i s m s w o u l d , o t h e r th ings b e i n g e q u a l , r e p r o d u c e a t a h i g h e r ra te t han 

the l o a d e d d o w n ' w i l d - t y p e ' i n d i v i d u a l s , a n d the de l e t i on w o u l d c o n 

s e q u e n t l y b e c o m e m o r e c o m m o n i n the g e n e p o o l . N o t e tha t I a m no t n o w 

t a l k i n g a b o u t s e l ec t i on in f a v o u r o f the capacity t o de l e t e selfish D N A : tha t 

w a s the sub jec t o f the p r e v i o u s p a r a g r a p h . H e r e w e are r e c o g n i z i n g tha t the 

d e l e t i o n itself, the absence of the selfish D N A , is i tself a r e p l i c a t i n g en t i ty (a 

r e p l i c a t i n g a b s e n c e ! ) , w h i c h c a n b e f a v o u r e d b y se l ec t ion . 

I t i s t e m p t i n g t o i n c l u d e u n d e r the h e a d i n g o f o u t l a w s s o m a t i c m u t a t i o n s 

t ha t c a u s e ce l l s to o u t - r e p r o d u c e the n o n - m u t a n t cel ls of a b o d y , to the 

u l t i m a t e d e t r i m e n t of the b o d y itself. B u t a l t h o u g h there i s a k ind of quas i -

D a r w i n i a n s e l ec t i on tha t c a n g o o n i n c a n c e r t u m o u r s , a n d C a i r n s ( 1 9 7 5 ) has 

i n g e n i o u s l y d r a w n a t t e n t i o n t o w h a t a p p e a r t o b e b o d i l y a d a p t a t i o n s t o 

foresta l l s u c h w i t h i n - b o d y se l ec t ion , I th ink tha t to a p p l y the o u t l a w c o n c e p t 

he re w o u l d no t be he lp fu l . N o t , tha t i s to say , unless the m u t a n t genes 

c o n c e r n e d s o m e h o w m a n a g e t o p r o p a g a t e t hemse lve s indef in i te ly . T h e y 

c o u l d do this e i the r by g e t t i n g t hemse lve s t r anspo r t ed i n v i rus - l ike vec to r s , 

say t h r o u g h the ai r , o r b y s o m e h o w b u r r o w i n g in to the n u c l e a r g e r m - l i n e . I n 

e i t he r o f these t w o cases t h e y w o u l d qua l i fy a s ' g e r m - l i n e r ep l i ca to r s ' a s 

de f ined in C h a p t e r 5 a n d the ti t le o f o u t l a w w o u l d be a p p r o p r i a t e . 

T h e r e has b e e n o n e s t a r t l i ng r ecen t sugges t i on tha t g e n e s w h i c h are 

bene f i c i a r i e s o f s o m a t i c s e l ec t ion m i g h t i n d e e d b u r r o w in to the g e r m - l i n e , 

t h o u g h in this case t h e y a re no t c a n c e r o u s a n d no t necessa r i ly o u t l a w s . I 

w a n t to m e n t i o n this w o r k b e c a u s e i t has b e e n g i v e n p u b l i c i t y as a w o u l d - b e 

resusc i t a to r o f the so -ca l l ed ' L a m a r c k i a n ' t heo ry o f e v o l u t i o n . S i n c e the 

t h e o r e t i c a l pos i t i on a d o p t e d in this b o o k is fa i r ly d e s c r i b a b l e as ' e x t r e m e 

W e i s m a n n i s m ' , I am b o u n d to see a n y ser ious r e v i v a l o f L a m a r c k i s m as 

u n d e r m i n i n g my pos i t ion . I t i s therefore necessa ry to discuss it. 

A Lamarckian scare 
I use the w o r d ' s c a r e ' b e c a u s e , to be pa in fu l ly hones t , I c a n th ink of few 
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th ings tha t w o u l d m o r e d e v a s t a t e m y w o r l d v i e w t h a n a d e m o n s t r a t e d n e e d 

to re tu rn to the t heo ry of e v o l u t i o n tha t i s t r a d i t i o n a l l y a t t r i b u t e d to 

L a m a r c k . I t i s o n e of the few c o n t i n g e n c i e s for w h i c h I m i g h t offer to ea t my 

hat . I t i s therefore al l the m o r e i m p o r t a n t to g i v e a full a n d fair h e a r i n g to 

some c l a ims m a d e o n b e h a l f o f S t ee l e ( 1 9 7 9 ) a n d G o r c z y n s k i a n d S t e e l e 

(1980, 1 9 8 1 ) . Befo re S t e e l e ' s ( 1 9 7 9 ) b o o k w a s a v a i l a b l e in B r i t a i n , The 

Sunday Times of L o n d o n (13 J u l y 1980) p r i n t ed a f u l l - p a g e a r t i c l e a b o u t his 

ideas a n d ' a s ton i sh ing e x p e r i m e n t w h i c h seems t o c h a l l e n g e D a r w i n i s m a n d 

resurrect L a m a r c k ' . T h e B B C h a v e g i v e n the results s i m i l a r p u b l i c i t y , i n a t 

least t w o te lev i s ion p r o g r a m m e s a n d s eve ra l r a d i o p r o g r a m m e s : a s w e h a v e 

a l r e a d y seen, ' sc ien t i f ic ' j o u r n a l i s t s a re c o n s t a n t l y on the a le r t for a n y t h i n g 

that sounds l ike a c h a l l e n g e to D a r w i n . No less a sc ient is t t h a n S i r P e t e r 

M e d a w a r forced u s t o t ake S t ee l e ' s w o r k se r ious ly b y d o i n g s o himself . H e 

w a s q u o t e d a s b e i n g p r o p e r l y c a u t i o u s a b o u t the n e e d t o r e p e a t the w o r k , 

a n d a s c o n c l u d i n g : ' I h a v e no i d e a w h a t the o u t c o m e w i l l be , b u t I h o p e 

S tee le is r i g h t ' (The Sunday Times). 

N a t u r a l l y a n y scient is t h o p e s tha t the t ru th , w h a t e v e r i t is, w i l l ou t . B u t a 

scientist i s a lso en t i t l ed to his i n n e r m o s t hopes as to w h a t tha t t ru th w i l l t u rn 

ou t to b e — a r e v o l u t i o n in one ' s h e a d i s b o u n d to be a pa in fu l e x p e r i e n c e — 

and I confess tha t my o w n hopes d i d no t i n i t i a l l y c o i n c i d e w i t h S i r P e t e r ' s ! I 

h a d m y d o u b t s a b o u t w h e t h e r his c o u l d r ea l l y c o i n c i d e w i t h those a t t r i b u t e d 

to h im , unt i l I r e c a l l e d his, to me a l w a y s s l i gh t ly p u z z l i n g (see p a g e 2 2 ) , 

r e m a r k tha t ' T h e m a i n w e a k n e s s o f m o d e r n e v o l u t i o n a r y t h e o r y i s its l a c k o f 

a fully w o r k e d o u t t heo ry of v a r i a t i o n , tha t is, of candidature for e v o l u t i o n , of 

the fo rm i n w h i c h g e n e t i c v a r i a n t s a re proffered for s e l e c t i o n . W e h a v e 

therefore n o c o n v i n c i n g a c c o u n t o f e v o l u t i o n a r y p r o g r e s s — o f the o t h e r w i s e 

i n e x p l i c a b l e t e n d e n c y o f o r g a n i s m s t o a d o p t e v e r m o r e c o m p l i c a t e d so lu t ions 

o f the p r o b l e m s o f r e m a i n i n g a l i v e ' ( M e d a w a r 1 9 6 7 ) . M e d a w a r i s o n e o f 

those w h o h a v e , m o r e r e c e n t l y , t r ied v e r y h a r d , a n d y e t fa i led , t o r e p l i c a t e 

S tee le ' s f indings (Bren t et al. 1981) . 

To a n t i c i p a t e the c o n c l u s i o n I shal l c o m e to, I n o w v i e w w i t h e q u a n i m i t y , 

i f w i th d w i n d l i n g e x p e c t a t i o n (Bren t e t al. 1 9 8 1 ; M c L a r e n e t al. 1 9 8 1 ) , the 

p rospec t o f S t ee l e ' s t h e o r y b e i n g u p h e l d , b e c a u s e I n o w r e a l i z e tha t , i n the 

deepes t a n d fullest sense, i t is a D a r w i n i a n t h e o r y ; a v a r i e t y of D a r w i n i a n 

theory m o r e o v e r w h i c h , l ike the t h e o r y o f j u m p i n g g e n e s , i s p a r t i c u l a r l y 

c o n g e n i a l to the thesis of this b o o k , s ince i t stresses s e l ec t ion at a l e v e l o t h e r 

than tha t o f the i n d i v i d u a l o r g a n i s m . T h o u g h p a r d o n a b l e , the c l a i m tha t i t 

cha l l enges D a r w i n i s m turns o u t to be j u s t a j o u r n a l i s t i c g l o a t , p r o v i d e d 

D a r w i n i s m is u n d e r s t o o d in the w a y tha t I t h ink i t o u g h t to be u n d e r s t o o d . 

As for S tee le ' s t h e o r y itself, e v e n i f the facts do no t u p h o l d it , i t w i l l h a v e 

d o n e us the v a l u a b l e se rv i ce o f f o r c ing us t o s h a r p e n o u r p e r c e p t i o n o f 

D a r w i n i s m . I am no t qua l i f i ed to e v a l u a t e the t e c h n i c a l de ta i l s o f S t e e l e ' s 

e x p e r i m e n t s a n d those o f his cr i t ics ( a g o o d e v a l u a t i o n i s g i v e n by H o w a r d 
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1981), a n d w i l l c o n c e n t r a t e on d i scuss ing the i m p a c t o f his t h e o r y , shou ld the 

facts e v e n t u a l l y p r o v e to s u p p o r t it . 

S t e e l e forges a th ree fo ld u n i o n o f B u r n e t ' s (1969) t h e o r y o f c lona l 

s e l ec t ion , T e m i n ' s ( 1 9 7 4 ) p r o v i r u s t heo ry , a n d his o w n a t t a c k o n the sanc t i ty 

o f W e i s m a n n ' s g e r m - l i n e . F r o m B u r n e t h e gets the i d e a o f s o m a t i c m u t a t i o n 

l e a d i n g t o g e n e t i c d i v e r s i t y a m o n g the cel ls o f the b o d y . N a t u r a l se lec t ion 

w i t h i n the b o d y then sees to i t tha t the b o d y b e c o m e s p o p u l a t e d by successful 

va r i e t i e s o f cel ls a t the e x p e n s e o f unsuccessful va r i e t i e s . B u r n e t l imits the 

i d e a to a spec i a l c lass o f ce l l s w i t h i n the i m m u n e sys tem, a n d ' success ' m e a n s 

success i n n e u t r a l i z i n g i n v a d i n g an t i gens , b u t S t ee l e w o u l d g e n e r a l i z e i t t o 

o t h e r ce l l s . F r o m T e m i n h e ge t s the i d e a o f R N A vi ruses s e rv ing a s 

i n t e r c e l l u l a r messenge r s , t r a n s c r i b i n g genes in o n e ce l l , c a r r y i n g the in fo rma

t ion t o a n o t h e r ce l l a n d r e v e r s e - t r a n s c r i b i n g i t b a c k in to D N A in the second 

ce l l u s i n g r eve r se t r ansc r ip t a se . 

S t e e l e uses the T e m i n t h e o r y , b u t w i t h a n i m p o r t a n t a d d i t i o n a l emphas i s 

on germ-line cel ls as r ec ip i en t s of r eve r se - t r ansc r i bed g e n e t i c i n fo rma t ion . He 

w i s e l y l imi t s mos t o f his d i scuss ion to the i m m u n e sys tem, a l t h o u g h his 

a m b i t i o n s for his t h e o r y a re l a r g e r . He c i tes four s tudies on ' i d i o t y p y ' in the 

r a b b i t . I f i n j ec ted w i t h a fo re ign subs t ance , different i n d i v i d u a l rabb i t s 

c o m b a t i t by m a k i n g dif ferent a n t i b o d i e s . E v e n i f m e m b e r s o f a g e n e t i c a l l y 

i d e n t i c a l c l o n e a r e s u b j e c t e d t o the s a m e a n t i g e n , e a c h i n d i v i d u a l responds 

w i t h its o w n u n i q u e ' i d i o t y p e ' . N o w , i f the r abb i t s r e a l l y a re g e n e t i c a l l y 

i d e n t i c a l , the d i f fe rence in the i r i d i o t y p e s mus t be d u e to e n v i r o n m e n t a l o r 

c h a n c e d i f ferences , a n d s h o u l d not , a c c o r d i n g t o o r t h o d o x y , b e inhe r i t ed . O f 

the four s tud ies c i t e d , o n e g a v e a surpr i s ing resul t . T h e i d i o t y p e of a r abb i t 

t u r n e d o u t t o be i n h e r i t e d by its c h i l d r e n , a l t h o u g h no t s h a r e d by its c l o n e -

m a t e s . S t e e l e stresses the fac t tha t in this s t u d y the p a r e n t r abb i t s w e r e 

e x p o s e d to t he a n t i g e n before m a t i n g to p r o d u c e the offspr ing. In the o the r 

t h ree s tud ies the pa ren t s w e r e in j ec ted w i t h a n t i g e n after m a t i n g , a n d the 

offspr ing d i d no t inher i t the i r i d i o t y p e s . I f i d i o t y p e w e r e i nhe r i t ed as a par t o f 

a n i n v i o l a t e g e r m - p l a s m , i t s h o u l d no t h a v e m a d e a n y d i f ference w h e t h e r the 

r abb i t s m a t e d be fo re o r af ter i n j ec t ion . 

S t e e l e ' s i n t e r p r e t a t i o n b e g i n s w i t h the B u r n e t t heo ry . S o m a t i c m u t a t i o n 

g e n e r a t e s g e n e t i c d ive r s i t y i n the p o p u l a t i o n o f i m m u n e cel ls . C l o n a l 

s e l ec t ion f a v o u r s those g e n e t i c va r i e t i e s o f ce l l tha t sa t i s fac tor i ly des t roy the 

a n t i g e n , a n d t h e y b e c o m e v e r y n u m e r o u s . T h e r e i s m o r e t h a n o n e so lu t ion t o 

a n y a n t i g e n i c p r o b l e m , a n d the end resul t o f the se lec t ion process i s different 

i n e v e r y r a b b i t . N o w T e m i n ' s p rov i ruses s tep in. T h e y t r ansc r ibe a r a n d o m 

s a m p l e o f the g e n e s i n the i m m u n e cel ls . B e c a u s e cel ls c a r r y i n g successful 

a n t i b o d y g e n e s o u t n u m b e r the o thers , these successful genes are s ta t is t ica l ly 

mos t l i k e l y to be t r a n s c r i b e d . T h e p rov i ruses ca r t these g e n e s off t o the g e r m 

ce l l s , b u r r o w in to the g e r m - l i n e c h r o m o s o m e s a n d l e a v e t h e m there, 

p r e s u m a b l y s n i p p i n g o u t the i n c u m b e n t o c c u p a n t s o f the l ocus a s they do so. 
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T h e nex t g e n e r a t i o n o f r abb i t s i s t h e r e b y a b l e t o benef i t d i r e c t l y f rom the 

i m m u n o l o g i c a l e x p e r i e n c e o f its pa ren t s , w i t h o u t h a v i n g t o e x p e r i e n c e the 

r e l evan t an t i gens t hemse lves , a n d w i t h o u t the p a i n f u l l y s l o w a n d was t e fu l 

i n t e rven t ion o f se lec t ive o r g a n i s m d e a t h . 

T h e r ea l ly impres s ive e v i d e n c e o n l y b e c a m e a v a i l a b l e af ter S t e e l e ' s t h e o r y 

w a s cu t a n d d r i ed a n d p u b l i s h e d , a s t r ik ing a n d r a t h e r su rp r i s i ng i n s t a n c e o f 

sc ience p r o c e e d i n g i n the w a y ph i lo sophe r s t h ink i t p r o c e e d s . G o r c z y n s k i a n d 

S tee le (1980) i n v e s t i g a t e d the i n h e r i t a n c e , v i a the fa ther , o f i m m u n e 

to l e rance i n m i c e . U s i n g a n e x t r e m e l y h i g h - d o s a g e v e r s i o n o f the c lass ic 

M e d a w a r m e t h o d , t hey e x p o s e d b a b y m i c e t o cel ls f rom a n o t h e r s t ra in , 

the reby r e n d e r i n g t h e m to l e ran t a s adu l t s to s u b s e q u e n t graf ts f rom the s a m e 

d o n o r s t ra in . T h e y then b r e d f rom these to l e ran t m a l e s , a n d c o n c l u d e d tha t 

their t o l e r a n c e w a s i nhe r i t ed b y a b o u t h a l f the i r c h i l d r e n , w h o w e r e n o t 

exposed as infants to the fore ign a n t i g e n s . F u r t h e r m o r e , the effect s e e m e d to 

c a r ry o v e r t o the g r a n d c h i l d g e n e r a t i o n . 

S u b j e c t to c o n f i r m a t i o n , we h a v e he re a p r i m a - f a c i e case for the 

i nhe r i t ance o f a c q u i r e d cha rac t e r i s t i c s . G o r c z y n s k i a n d S t e e l e ' s b r i e f 

discussion o f the i r e x p e r i m e n t , a n d o f e x t e n d e d e x p e r i m e n t s r e p o r t e d m o r e 

recen t ly ( G o r c z y n s k i & S t ee l e 1 9 8 1 ) , r e s emb le s S t e e l e ' s i n t e r p r e t a t i o n o f the 

r abb i t w o r k , p a r a p h r a s e d a b o v e . T h e m a i n d i f ferences b e t w e e n the t w o cases 

are firstly tha t the r abb i t s c o u l d h a v e i nhe r i t ed s o m e t h i n g in m a t e r n a l 

c y t o p l a s m w h i l e the m i c e c o u l d n o t ; a n d s e c o n d l y tha t the r a b b i t s w e r e 

a l l eged t o h a v e inhe r i t ed a n a c q u i r e d i m m u n i t y , w h i l e the m i c e a re s u p p o s e d 

t o h a v e inhe r i t ed a n a c q u i r e d t o l e r a n c e . T h e s e d i f ferences a r e p r o b a b l y 

i m p o r t a n t ( R i d l e y 1 9 8 0 b ; B r e n t e t al. 1 9 8 1 ) , b u t I sha l l no t m a k e m u c h of 

t hem, s ince I am no t a t t e m p t i n g to e v a l u a t e the e x p e r i m e n t a l resul ts 

themse lves . I shal l c o n c e n t r a t e on the q u e s t i o n o f w h e t h e r , in a n y case , 

S tee le i s r e a l l y offer ing ' a L a m a r c k i a n c h a l l e n g e to D a r w i n i s m ' . 

T h e r e a re s o m e h i s to r ica l po in t s t o ge t o u t o f the w a y first. T h e 

i nhe r i t ance of a c q u i r e d cha rac t e r i s t i c s i s no t the a spec t of his t h e o r y tha t 

L a m a r c k h i m s e l f e m p h a s i z e d a n d , contra S t ee l e ( 1 9 7 9 , p . 6 ) , i t i s no t t rue tha t 

the idea o r i g i n a t e d w i t h h i m : h e s i m p l y took o v e r the c o n v e n t i o n a l w i s d o m 

of his t ime a n d gra f ted to i t o t h e r p r i nc ip l e s l ike ' s t r i v i n g ' a n d 'use a n d 

d isuse ' . S tee le ' s v i ruses s e e m m o r e r e m i n i s c e n t o f D a r w i n ' s o w n p a n g e n e t i c 

' g e m m u l e s ' than o f a n y t h i n g pos tu l a t ed b y L a m a r c k . B u t I m e n t i o n h i s to ry 

jus t t o ge t i t ou t o f the w a y . W e g i v e the n a m e D a r w i n i s m t o the t h e o r y tha t 

und i r ec t ed v a r i a t i o n in an insu la t ed g e r m - l i n e i s a c t e d u p o n by se l ec t ion o f 

its p h e n o t y p i c c o n s e q u e n c e s . W e g i v e the n a m e L a m a r c k i s m t o the t h e o r y 

tha t the g e r m - l i n e i s no t i n su l a t ed , a n d tha t e n v i r o n m e n t a l l y i m p r i n t e d 

i m p r o v e m e n t s m a y d i r e c t l y m o u l d it. In this sense, i s S t e e l e ' s t h e o r y 

L a m a r c k i a n a n d a n t i - D a r w i n i a n ? 

B y inhe r i t i ng thei r p a r e n t s ' a c q u i r e d i d i o t y p e s , r a b b i t s w o u l d u n d o u b t e d l y 

benefi t . T h e y w o u l d b e g i n life w i t h a h e a d start i n the i m m u n o l o g i c a l b a t t l e 
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a g a i n s t p l a g u e s tha t the i r p a r e n t s m e t , a n d tha t they t hemse lve s are l ikely to 

m e e t . T h i s i s a d i r e c t e d , a d a p t i v e c h a n g e , then . B u t i s i t r e a l l y i m p r i n t e d by 

the e n v i r o n m e n t ? I f a n t i b o d y f o r m a t i o n w o r k e d a c c o r d i n g t o s o m e k ind o f 

' i n s t r u c t i v e ' t h e o r y , the a n s w e r w o u l d b e yes . T h e e n v i r o n m e n t , i n the shape 

o f a n t i g e n i c p r o t e i n m o l e c u l e s , w o u l d t han d i r e c t l y m o u l d a n t i b o d y 

m o l e c u l e s in p a r e n t r abb i t s . I f the offspring o f those r abb i t s t u rned ou t to 

inher i t a p r e d i l e c t i o n to m a k e the s a m e a n t i b o d i e s , we w o u l d h a v e full-

b l o o d e d L a m a r c k i s m . B u t the c o n f o r m a t i o n s o f the a n t i b o d y p ro te ins w o u l d , 

on this t h e o r y , s o m e h o w h a v e t o be r eve r se - t r ans l a t ed in to n u c l e o t i d e c o d e . 

S t e e l e (p . 36) i s a d a m a n t t ha t the re i s no sugges t i on of such reverse 

t r ans l a t i on , o n l y r eve r se transcription f rom R N A to D N A . He i s not p r o p o s i n g 

a n y v i o l a t i o n o f C r i c k ' s c e n t r a l d o g m a , a l t h o u g h o f course o thers a re a t 

l i be r ty to do so ( I sha l l r e t u rn to this po in t in a m o r e g e n e r a l c o n t e x t l a t e r ) . 

T h e v e r y essence o f S t e e l e ' s h y p o t h e s i s i s tha t the a d a p t i v e i m p r o v e m e n t 

c o m e s a b o u t t h r o u g h s e l ec t i on o f in i t i a l ly r a n d o m v a r i a t i o n . I t i s a b o u t a s 

D a r w i n i a n a t h e o r y as i t i s poss ib le to be , p r o v i d e d we th ink of the r ep l i ca to r 

a n d no t the o r g a n i s m as the un i t o f s e l ec t ion . N o r i s i t j u s t v a g u e l y a n a l o g o u s 

t o D a r w i n i s m , i n the w a y of, say , the ' m e m e ' t heo ry , o r P r i n g l e ' s ( 1 9 5 1 ) 

t h e o r y tha t l e a r n i n g results f rom se lec t ion a m o n g a poo l o f osc i l la t ion 

f r equenc i e s in a p o p u l a t i o n of n e u r o n a l c o u p l e d osc i l l a tors . S tee le ' s 

r ep l i ca to r s a r e D N A m o l e c u l e s i n ce l l n u c l e i . T h e y a re no t j u s t analogous t o 

the r e p l i c a t o r s o f D a r w i n i s m . T h e y a re the v e r y s a m e r ep l i ca to r s . T h e 

s c h e m e for n a t u r a l s e l ec t ion w h i c h I o u t l i n e d in C h a p t e r 5 needs no 

m o d i f i c a t i o n t o p l u g s t r a igh t in to the S t ee l e t h e o r y . S t e e l e ' s k ind o f 

L a m a r c k i s m o n l y seems l ike the i m p r i n t i n g o f e n v i r o n m e n t a l fea tures on the 

g e r m - l i n e i f we th ink a t the l e v e l o f the i n d i v i d u a l o r g a n i s m . I t i s t rue tha t he 

is c l a i m i n g tha t c h a r a c t e r i s t i c s a c q u i r e d by the organism a re i nhe r i t ed . Bu t i f 

we look a t the l o w e r l eve l o f g e n e t i c r ep l i ca to r s , i t i s c l e a r tha t the a d a p t a t i o n 

c o m e s a b o u t t h r o u g h se lec t ion not ' i n s t ruc t ion ' (see b e l o w ) . I t j u s t h a p p e n s 

t o be se l ec t ion w i t h i n the o r g a n i s m . S t e e l e ( 1 9 7 9 , p . 43) w o u l d not d i s a g r e e : 

' . . . i t d e p e n d s v e r y m u c h o n essent ia l D a r w i n i a n p r inc ip l e s o f na tu ra l 

s e l e c t i o n ' . 

D e s p i t e S t e e l e ' s a v o w e d i n d e b t e d n e s s t o A r t h u r K o e s t l e r , there i s n a u g h t 

he re for the c o m f o r t o f those , u s u a l l y non -b io log i s t s , w h o s e a n t i p a t h y to 

D a r w i n i s m i s f u n d a m e n t a l l y p r o v o k e d b y the b o g y o f ' b l i nd c h a n c e ' . O r , for 

t ha t m a t t e r , t he t w i n b o g y o f a ru th less ly indifferent g r i m r eape r , m o c k i n g us 

a s the sole Firs t C a u s e o f o u r e x a l t e d persons , m o d i f y i n g ' a l l th ings by b l i nd ly 

s t a r v i n g a n d m u r d e r i n g e v e r y t h i n g tha t i s not l u c k y e n o u g h to s u r v i v e in the 

u n i v e r s a l s t r u g g l e for h o g w a s h ' ( S h a w 1 9 2 1 ) . I f S t ee l e p roves r igh t , w e 

shou ld h e a r n o t r i u m p h a n t c h u c k l e s from the s h a d e o f B e r n a r d S h a w ! 

S h a w ' s l i ve spir i t r e b e l l e d pas s iona t e ly aga ins t the D a r w i n i a n ' c h a p t e r o f 

a c c i d e n t s ' . ' . . . i t s eems s i m p l e , b e c a u s e y o u do not a t first r e a l i z e al l that i t 

i n v o l v e s . B u t w h e n its w h o l e s ign i f i cance d a w n s o n y o u , y o u r hea r t sinks in to 
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a h e a p of sand w i t h i n y o u . T h e r e is a h i d e o u s fa ta l i sm a b o u t it, a g h a s t l y a n d 

d a m n a b l e r e d u c t i o n o f b e a u t y a n d i n t e l l i g e n c e , o f s t r eng th a n d p u r p o s e , o f 

hono r a n d asp i ra t ion . . . ' I f we must p l a c e e m o t i o n before t ru th , I h a v e 

a l w a y s found n a t u r a l se l ec t ion t o h a v e an in sp i r ing , i f g r i m a n d aus te re , 

poe t ry o f its o w n — a ' g r a n d e u r i n this v i e w o f l i fe ' ( D a r w i n 1 8 5 9 ) . A l l I a m 

s a y i n g here i s tha t i f y o u are s q u e a m i s h a b o u t ' b l i n d c h a n c e ' , do n o t l ook to 

S tee le ' s t heo ry for an e s c a p e . B u t p e r h a p s i t i s no t too m u c h to h o p e tha t a 

p r o p e r u n d e r s t a n d i n g o f S t e e l e ' s t h e o r y m a y h e l p t o s h o w tha t ' b l i n d c h a n c e ' 

i s not the a d e q u a t e e p i t o m e o f D a r w i n i s m tha t S h a w , C a n n o n ( 1 9 5 9 ) , 

K o e s t l e r ( 1 9 6 7 ) a n d o thers th ink i t is. 

S tee le ' s theory , then , i s a ve r s ion o f D a r w i n i s m . T h e ce l l s w h i c h a r e 

se lec ted , a c c o r d i n g to the B u r n e t t heo ry , a re v e h i c l e s for a c t i v e r e p l i c a t o r s , 

n a m e l y the s o m a t i c a l l y m u t a t e d genes w i t h i n t h e m . T h e y a r e a c t i v e , b u t a r e 

they germ-line r e p l i c a t o r s ? T h e essence of w h a t I am s a y i n g i s t ha t the a n s w e r 

i s an e m p h a t i c yes , i f S t e e l e ' s a d d i t i o n to the B u r n e t t h e o r y i s t rue . T h e y do 

not b e l o n g t o w h a t w e h a v e c o n v e n t i o n a l l y t h o u g h t o f a s the g e r m - l i n e , b u t 

i t i s a l og ica l i m p l i c a t i o n of the t heo ry tha t we h a v e s i m p l y b e e n m i s t a k e n as 

to w h a t the g e r m - l i n e t ru ly is. A n y g e n e in a ' s o m a t i c ' ce l l w h i c h is a 

c a n d i d a t e for p r o v i r a l c o n v e y a n c e in to a g e r m ce l l is, by definition, a g e r m - l i n e 

r ep l i ca to r . S t ee l e ' s b o o k m i g h t be re t i t l ed The Extended Germ-line! F a r f rom 

b e i n g u n c o m f o r t a b l e for n e o - W e i s m a n n i s t s , i t turns o u t to be d e e p l y 

c o n g e n i a l to us. 

Pe rhaps , then , i t i s no t r e a l l y a l l tha t i ron ic tha t , a p p a r e n t l y u n k n o w n to 

S tee le , s o m e t h i n g b e a r i n g m o r e t han a pas s ing r e s e m b l a n c e to his t h e o r y 

w a s a d o p t e d by , o f all p e o p l e , W e i s m a n n himself , i n 1894 . T h e f o l l o w i n g 

a c c o u n t i s t aken from R i d l e y (in press ; M a y n a r d S m i t h , 1980, a lso n o t e d the 

p r e c e d e n t ) . W e i s m a n n d e v e l o p e d a n idea from R o u x , w h i c h h e c a l l e d ' i n t r a -

se lec t ion ' . I q u o t e from R i d l e y : ' R o u x h a d a r g u e d tha t the re i s a s t r u g g l e for 

food b e t w e e n the par t s o f an o r g a n i s m ju s t l ike the s t r u g g l e for ex i s t ence 

b e t w e e n o r g a n i s m s . . . R o u x ' s t h e o r y w a s tha t the s t r u g g l e o f the par t s , 

toge the r w i t h the i n h e r i t a n c e o f a c q u i r e d c h a r a c t e r s , w a s suff icient t o e x p l a i n 

a d a p t a t i o n . ' Subs t i t u t e ' c l o n e s ' for ' pa r t s ' , a n d y o u h a v e S t e e l e ' s t h e o r y . B u t , 

a s m i g h t b e e x p e c t e d , W e i s m a n n d id no t g o al l the w a y w i t h R o u x i n 

pos tu l a t i ng the l i tera l i n h e r i t a n c e o f a c q u i r e d c h a r a c t e r i s t i c s . I n s t e a d , in his 

theory o f ' g e r m i n a l s e l ec t ion ' , h e i n v o k e d the p s e u d o - L a m a r c k i a n p r i n c i p l e 

w h i c h la te r b e c a m e k n o w n a s the ' B a l d w i n Effec t ' ( W e i s m a n n w a s no t the 

on ly one t o d i s c o v e r the i d e a before B a l d w i n ) . W e i s m a n n ' s use o f the t h e o r y 

o f in t ra -se lec t ion in e x p l a i n i n g c o a d a p t a t i o n w i l l be d e a l t w i t h b e l o w , for i t 

c lose ly pa ra l l e l s o n e o f S t ee l e ' s o w n p r e o c c u p a t i o n s . 

S tee le does no t v e n t u r e far f rom his o w n field o f i m m u n o l o g y , b u t he 

w o u l d l ike a ve r s ion of his t heo ry to a p p l y e l s e w h e r e , a n d p a r t i c u l a r l y to the 

ne rvous sys tem a n d the a d a p t i v e i m p r o v e m e n t m e c h a n i s m k n o w n a s 

l e a rn ing . ' I f [ the hypo thes i s ] i s to h a v e a n y g e n e r a l a p p l i c a b i l i t y to the 
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e v o l u t i o n a r y a d a p t a t i o n process , i t must account for the a d a p t i v e po ten t i a l of 

the n e u r o n a l n e t w o r k s o f the b ra in a n d c e n t r a l n e r v o u s s y s t e m ' (S tee le 1979 , 

p . 4 9 , his r a t h e r su rp r i s ing e m p h a s i s ) . He seems a l i t t le v a g u e as to e x a c t l y 

w h a t m i g h t b e s e l ec t ed w i t h i n the b r a i n , a n d , i n case h e c a n d o s o m e t h i n g 

w i t h it , I offer h i m a free gift of my o w n theo ry of ' s e l ec t i ve n e u r o n e d e a t h as 

a poss ib le m e m o r y m e c h a n i s m ' ( D a w k i n s 1 9 7 1 ) . 

B u t i s the t h e o r y o f c l o n a l se lec t ion r ea l l y l ike ly to a p p l y ou ts ide the 

d o m a i n o f the i m m u n e s y s t e m ? I s i t l im i t ed b y the v e r y spec ia l 

c i r c u m s t a n c e s o f the i m m u n e sys t em, o r m i g h t i t be l inked up w i t h the old 

L a m a r c k i a n p r i n c i p l e o f use a n d d i suse? C o u l d c l o n a l se lec t ion b e e m b r a c e d 

b y the b l a c k s m i t h ' s a r m s ? C o u l d the a d a p t i v e c h a n g e s b r o u g h t a b o u t b y 

m u s c u l a r exe rc i s e be i n h e r i t e d ? I d o u b t i t v e r y m u c h : the cond i t i ons are not 

r igh t for n a t u r a l s e l ec t ion to w o r k w i t h i n the b l a c k s m i t h ' s a r m s in f a v o u r of, 

say , cel ls t ha t f lourish in an a e r o b i c e n v i r o n m e n t o v e r those pre fe r r ing 

a n a e r o b i c b i o c h e m i s t r y , the successful g e n e s b e i n g r eve r se - t r ansc r ibed into 

j u s t the r i gh t c h r o m o s o m a l l ocus in the g e r m - l i n e . B u t e v e n i f this kind o f 

t h i n g w e r e c o n c e i v a b l e for s o m e e x a m p l e ou t s ide the i m m u n e sys t em, there i s 

a m a j o r t h e o r e t i c a l d i f f icu l ty . 

T h e p r o b l e m i s this . T h e q u a l i t i e s tha t m a k e for success i n c l o n a l se lec t ion 

w o u l d neces sa r i l y be those tha t g i v e cells an a d v a n t a g e o v e r r i va l cel ls in the 

s a m e b o d y . T h e s e q u a l i t i e s n e e d h a v e n o c o n n e c t i o n w i t h w h a t i s g o o d for 

the b o d y as a w h o l e , a n d o u r d iscuss ion o f o u t l a w s sugges ts tha t t hey m i g h t 

w e l l a c t i v e l y conf l i c t w i t h w h a t i s g o o d for the b o d y as a w h o l e . I n d e e d , to 

me a s l i gh t ly unsa t i s f ac to ry a spec t of the B u r n e t theory i tse l f i s that the 

se lec t ion p rocess at its h e a r t is c o n t r i v e d ad hoc. It is a s s u m e d tha t those cells 

w h o s e a n t i b o d i e s n e u t r a l i z e i n v a d i n g an t i gens w i l l p r o p a g a t e a t the expense 

o f o t h e r ce l l s . B u t this p r o p a g a t i o n i s no t d u e to a n y intr insic ce l l u l a r 

a d v a n t a g e : on the c o n t r a r y , cel ls tha t d i d not risk thei r l ives s m o t h e r i n g 

a n t i g e n s b u t self ishly left the task to the i r c o l l e a g u e s shou ld , on the face of it, 

h a v e a bu i l t - i n a d v a n t a g e . T h e t heo ry has t o i n t r o d u c e an a r b i t r a r y a n d 

u n p a r s i m o n i o u s se l ec t ion ru le , i m p o s e d , as i t w e r e , f rom a b o v e , so tha t those 

cel ls w h i c h benef i t the b o d y as a w h o l e b e c o m e m o r e n u m e r o u s . I t i s as 

t h o u g h a h u m a n d o g - b r e e d e r d e l i b e r a t e l y se l ec ted for a l t ruis t ic he ro i sm in 

the face o f d a n g e r . He c o u l d p r o b a b l y a c h i e v e it , bu t natural se lec t ion cou ld 

no t . U n a d u l t e r a t e d c l o n a l se lec t ion shou ld f a v o u r selfish cel ls w h o s e 

b e h a v i o u r conf l ic t s w i t h the best interests of the b o d y as a w h o l e . 

In the t e rms of C h a p t e r 6 , w h a t I am s a y i n g i s tha t v e h i c l e se lec t ion a t the 

c e l l u l a r l e v e l i s l i k e l y , u n d e r the B u r n e t t heo ry , to c o m e in to conf l ic t w i th 

v e h i c l e s e l ec t ion a t the o r g a n i s m l e v e l . T h i s , o f cou r se , does no t w o r r y m e , 

s ince I c a r r y no b r i e f for the o r g a n i s m as p r e - e m i n e n t v e h i c l e ; I s i m p l y a d d 

o n e m o r e e n t r y to the list o f ' o u t l a w s I h a v e k n o w n ' ; o n e m o r e ingen ious 

b y w a y o f r e p l i c a t o r p r o p a g a t i o n , a l o n g w i t h j u m p i n g genes a n d selfish D N A . 
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But i t shou ld w o r r y a n y b o d y , such as S t ee l e , w h o sees c l o n a l s e l ec t i on as a 

s u p p l e m e n t a r y m e a n s b y w h i c h bodily a d a p t a t i o n s c o m e a b o u t . 

T h e p r o b l e m goes d e e p e r t h a n tha t . I t i s no t j u s t t h a t c l o n a l l y s e l ec t ed 

genes w o u l d tend to be o u t l a w s as far as the rest of the b o d y i s c o n c e r n e d . 

S tee le looks t o c l o n a l se l ec t ion t o speed up e v o l u t i o n . C o n v e n t i o n a l 

D a r w i n i s m p r o c e e d s by dif ferent ia l i n d i v i d u a l success , a n d its s p e e d , o t h e r 

th ings b e i n g e q u a l , w i l l b e l i m i t e d b y i n d i v i d u a l g e n e r a t i o n t i m e . C l o n a l 

se lect ion w o u l d b e l i m i t e d b y c e l l u l a r g e n e r a t i o n t i m e , w h i c h i s p e r h a p s t w o 

orders o f m a g n i t u d e shor ter . T h i s i s w h y i t m i g h t be t h o u g h t t o s p e e d up 

evo lu t i on bu t , to a n t i c i p a t e the a r g u m e n t o f my f inal c h a p t e r , i t raises a d e e p 

diff icul ty . T h e success o f a c o m p l e x , m u l t i c e l l u l a r o r g a n , l ike a n e y e , c a n n o t 

b e j u d g e d i n a d v a n c e o f the e y e ' s s t a r t ing t o w o r k . C e l l u l a r s e l ec t ion c o u l d 

not i m p r o v e the des ign o f an e y e , b e c a u s e the s e l ec t i ve even t s a l l t ake p l a c e 

i n the p r e func t i ona l e y e o f a n e m b r y o . T h e e m b r y o ' s e y e i s c l o sed , a n d n e v e r 

sees an i m a g e unt i l after c e l l u l a r se l ec t ion , i f i t ex i s t ed , w o u l d be c o m p l e t e . 

T h e g e n e r a l po in t i s tha t c e l l u l a r se l ec t ion c a n n o t a c h i e v e the s p e e d i n g u p o f 

evo lu t i on a t t r i bu t ed to it, i f the a d a p t a t i o n o f in teres t has to d e v e l o p on the 

s low sca le o f m u l t i c e l l u l a r c o o p e r a t i o n . 

S tee le has a po in t to m a k e a b o u t c o a d a p t a t i o n . As R i d l e y (in press) 

c o m p r e h e n s i v e l y d o c u m e n t s , m u l t i d i m e n s i o n a l c o a d a p t a t i o n w a s o n e o f the 

b u g b e a r s o f the e a r l y D a r w i n i a n s . F o r in s t ance , t o t a k e the e y e a g a i n , J . J . 

M u r p h y said ' I t i s p r o b a b l y no e x a g g e r a t i o n tha t , i n o r d e r t o i m p r o v e such 

an o r g a n as the e y e a t a l l , i t mus t be i m p r o v e d in ten different w a y s a t o n c e ' 

(1866 , q u o t e d b y R i d l e y ) . I t m a y b e r e m e m b e r e d tha t , s p e a k i n g o f the 

evo lu t i on of w h a l e s , I used a s imi la r p r e m i s e for a different p u r p o s e in 

C h a p t e r 6 . F u n d a m e n t a l i s t o ra to r s still find the e y e o n e o f the i r mos t t e l l i ng 

s t andbys . I n c i d e n t a l l y , The Sunday Times ( 13 J u l y 1980) a n d The Guardian (21 

N o v e m b e r 1978) b o t h ra ise the d e b a t i n g p o i n t o f the e y e as t h o u g h i t w e r e a 

n e w one , the la t te r p a p e r r eas su r ing us tha t an e m i n e n t p h i l o s o p h e r (!) w a s 

r u m o u r e d to be g i v i n g the p r o b l e m his best a t t e n t i o n . S t e e l e seems to h a v e 

b e e n in i t i a l ly a t t r a c t e d b y L a m a r c k i s m b e c a u s e o f his u n e a s e a b o u t 

c o a d a p t a t i o n , a n d he be l i eves tha t his c l o n a l se l ec t ion t h e o r y c o u l d in 

p r i nc ip l e a l l e v i a t e the d i f f icul ty , i f d i f f icul ty there be . 

L e t u s m a k e use o f tha t o the r ches tnu t o f the s c h o o l r o o m , the giraffe 's 

neck , d i scuss ing i t in c o n v e n t i o n a l D a r w i n i a n te rms first. A m u t a t i o n to 

e l o n g a t e the ances t r a l n e c k m i g h t w o r k on , say , the v e r t e b r a e , b u t i t seems to 

a n a i v e o b s e r v e r too m u c h to h o p e tha t the s a m e m u t a t i o n w i l l 

s imu l t aneous ly e l o n g a t e the ar ter ies , ve ins , ne rves , e t c . A c t u a l l y , w h e t h e r i t 

i s too m u c h t o h o p e d e p e n d s o n de ta i l s o f e m b r y o l o g y w h i c h w e shou ld l e a r n 

to be m o r e a w a r e of: a m u t a t i o n tha t ac ts suff ic ient ly e a r l y in d e v e l o p m e n t 

cou ld eas i ly h a v e al l those p a r a l l e l effects s i m u l t a n e o u s l y . H o w e v e r , let us 

p l a y a l o n g w i t h the a r g u m e n t . T h e n e x t s tep i s to s a y tha t i t i s diff icul t to 
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i m a g i n e a m u t a n t giraffe w i t h e l o n g a t e d v e r t e b r a e b e i n g a b l e to exp lo i t its 

t r ee top b r o w s i n g a d v a n t a g e , b e c a u s e its ne rves , b l o o d vessels , e tc . a re too 

shor t for its n e c k . C o n v e n t i o n a l D a r w i n i a n se lec t ion , n a i v e l y unde r s tood , has 

to w a i t for an i n d i v i d u a l tha t i s fo r tuna te e n o u g h to c o m b i n e all the 

neces sa ry c o a d a p t e d m u t a t i o n s s i m u l t a n e o u s l y . T h i s i s w h e r e c l o n a l se lec t ion 

c o u l d c o m e t o the r e scue . O n e m a j o r m u t a t i o n , say the e l o n g a t i o n o f the 

v e r t e b r a e , sets up c o n d i t i o n s in the n e c k w h i c h select for c lones o f cel ls that 

c a n f lour ish i n t h a t e n v i r o n m e n t . M a y b e the e l o n g a t e d v e r t e b r a e p r o v i d e a n 

o v e r s t r e t c h e d , h i g h l y s t r u n g , tense e n v i r o n m e n t i n the n e c k , w h e r e o n l y 

e l o n g a t e d ce l l s f lou r i sh . I f the re i s g e n e t i c v a r i a t i o n a m o n g the ce l l s , genes 

' for ' e l o n g a t e d cel ls s u r v i v e a n d a re passed on to the giraffe 's c h i l d r e n . I 

h a v e p u t the p o i n t f ace t ious ly , b u t a m o r e soph i s t i ca t ed ve r s ion of i t c o u l d , I 

s u p p o s e , f o l l o w f rom the c l o n a l se lec t ion t heo ry . 

I sa id I w o u l d r e tu rn to W e i s m a n n at this po in t , for he too s a w the u t i l i ty 

of w i t h i n - b o d y se l ec t ion as a so lu t ion to the c o a d a p t a t i o n p r o b l e m . 

W e i s m a n n t h o u g h t tha t ' i n t r a - s e l e c t i o n ' — t h e s e l ec t i ve s t rugg l e a m o n g par ts 

w i t h i n the b o d y — ' w o u l d ensure tha t all the par t s ins ide the o r g a n i s m w e r e 

o f the best m u t u a l p r o p o r t i o n s ' ( R i d l e y in press) . ' I f I am no t m i s t aken , the 

p h e n o m e n o n w h i c h D a r w i n c a l l e d correlation, a n d j u s t l y r e g a r d e d a s an 

i m p o r t a n t f ac to r in e v o l u t i o n , i s for the most par t an effect of in t r a - se l ec t ion ' 

( W e i s m a n n , q u o t e d i n R i d l e y ) . A s a l r e a d y s ta ted , W e i s m a n n , un l ike R o u x , 

d i d no t g o o n t o i n v o k e the d i r e c t i n h e r i t a n c e o f in t r a - se lec ted var ie t ies . 

R a t h e r , ' . . . i n e a c h s e p a r a t e i n d i v i d u a l the necessa ry a d a p t a t i o n wi l l b e 

t e m p o r a r i l y a c c o m p l i s h e d b y in t r a - se l ec t ion . . . T i m e w o u l d thus b e g a i n e d 

t i l l , i n the cou r se o f g e n e r a t i o n s , by cons t an t se lec t ion o f those g e r m s the 

p r i m a r y cons t i t uen t s o f w h i c h a re best su i ted to o n e a n o t h e r , the grea tes t 

poss ib le d e g r e e o f h a r m o n y m a y be r e a c h e d . ' I th ink I f ind W e i s m a n n ' s 

' B a l d w i n Ef fec t ' v e r s i o n o f the t heo ry m o r e p l aus ib l e t han S tee le ' s 

L a m a r c k i a n v e r s i o n , a n d j u s t a s sa t i s fy ing a n e x p l a n a t i o n o f c o a d a p t a t i o n . 

I used the w o r d ' s c a r e ' in the h e a d i n g of this sec t ion , a n d w e n t so far as to 

say tha t a t rue r e v i v a l o f L a m a r c k i s m w o u l d d e v a s t a t e m y w o r l d - v i e w . Y e t 

the r e a d e r m a y n o w feel tha t the s t a t e m e n t w a s a h o l l o w o n e , l ike tha t o f a 

m a n w h o d r a m a t i c a l l y t h r ea t ens t o ea t his ha t , w h i l e k n o w i n g full w e l l that 

his ha t i s m a d e o f p l e a s a n t l y f l avoured r i c e p a p e r . A L a m a r c k i a n zea lo t m a y 

c o m p l a i n tha t the last resor t o f a D a r w i n i a n , h a v i n g fai led to d iscredi t 

a w k w a r d e x p e r i m e n t a l resul ts , i s to c l a i m t h e m for his o w n ; to m a k e his o w n 

t h e o r y so res i l ient t ha t t he re is no e x p e r i m e n t a l result tha t c o u l d falsify it. I 

am sens i t ive to this c r i t i c i sm, a n d mus t r e p l y to it. I mus t s h o w tha t the ha t 

tha t I t h r e a t e n e d to ea t r e a l l y i s t o u g h a n d dis tasteful . S o , i f S tee le ' s k ind of 

L a m a r c k i s m i s r e a l l y D a r w i n i s m i n d i sgu ise , w h a t k ind o f L a m a r c k i s m 

w o u l d no t b e ? 

T h e k e y issue i s the o r i g i n o f a d a p t e d n e s s . G o u l d ( 1 9 7 9 ) m a k e s a re la ted 
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poin t w h e n he says tha t the i n h e r i t a n c e of a c q u i r e d c h a r a c t e r s , per se, i s no t 

L a m a r c k i a n : ' L a m a r c k i s m is a t h e o r y of directed v a r i a t i o n ' ( m y e m p h a s i s ) . I 

d is t inguish t w o classes o f t h e o r y o f the o r i g in o f a d a p t e d n e s s . F o r fear o f 

g e t t i n g c a u g h t u p i n h i s to r ica l de ta i l s o f e x a c t l y w h a t L a m a r c k a n d D a r w i n 

said, I shal l not a n y m o r e ca l l t h e m L a m a r c k i s m a n d D a r w i n i s m . I n s t e a d , I 

shal l b o r r o w f rom i m m u n o l o g y a n d ca l l t h e m the i n s t ruc t ion t h e o r y a n d the 

se lect ion theo ry . A s Y o u n g ( 1 9 5 7 ) , L o r e n z ( 1 9 6 6 ) , a n d o the r s h a v e 

e m p h a s i z e d , w e r e c o g n i z e a d a p t e d n e s s a s a n i n f o r m a t i o n a l m a t c h b e t w e e n 

o r g a n i s m a n d e n v i r o n m e n t . An a n i m a l tha t i s w e l l a d a p t e d t o its 

e n v i r o n m e n t c a n b e r e g a r d e d a s e m b o d y i n g i n f o r m a t i o n a b o u t its 

e n v i r o n m e n t , i n the w a y tha t a k e y e m b o d i e s i n f o r m a t i o n a b o u t the l o c k tha t 

i t i s bu i l t to u n d o . A c a m o u f l a g e d a n i m a l has b e e n sa id to c a r r y a p i c t u r e of 

its e n v i r o n m e n t on its b a c k . 

L o r e n z d i s t i ngu i shed t w o k inds o f t h e o r y for the o r i g i n o f this k i n d o f f i t 

b e t w e e n o r g a n i s m a n d e n v i r o n m e n t , b u t b o t h his theor ies ( n a t u r a l s e l ec t ion 

a n d r e i n f o r c e m e n t l e a r n i n g ) a re subd iv i s ions o f w h a t I a m c a l l i n g the 

se lec t ion theo ry . A n in i t i a l p o o l o f v a r i a t i o n (gene t i c m u t a t i o n o r spon

taneous b e h a v i o u r ) i s w o r k e d u p o n b y s o m e k i n d o f s e l ec t i on p rocess 

(na tura l se lec t ion o r r e w a r d / p u n i s h m e n t ) , w i t h the e n d resul t t ha t o n l y the 

va r i an t s f i t t i n g the e n v i r o n m e n t a l l ock r e m a i n . T h u s a d a p t e d n e s s i m p r o v e s 

by se lec t ion . T h e ins t ruc t ion t heo ry i s q u i t e dif ferent . W h e r e a s the s e l ec t i ve 

k e y - m a k e r beg ins w i t h a l a r g e r a n d o m p o o l o f k e y s , tr ies t h e m al l in the l o c k , 

a n d d i sca rds those tha t d o n ' t f i t , the i n s t ruc t i ve k e y - m a k e r s i m p l y takes a 

w a x impress ion o f the lock , a n d m a k e s u p a g o o d k e y d i r e c t l y . T h e 

ins t ruc t ive ly c a m o u f l a g e d a n i m a l r e semb le s its e n v i r o n m e n t b e c a u s e the 

e n v i r o n m e n t d i r e c t l y i m p r i n t s its a p p e a r a n c e on the a n i m a l , a s e l e p h a n t s 

m e r g e in to the b a c k g r o u n d b e c a u s e t hey a re c o v e r e d by its dus t . I t has b e e n 

a l l eged tha t F r e n c h m o u t h s e v e n t u a l l y b e c o m e p e r m a n e n t l y d e f o r m e d in to a 

shape su i t ab le for p r o n o u n c i n g F r e n c h v o w e l s . I f so, this w o u l d b e a n ins t ruc 

t ive a d a p t a t i o n . S o , p e r h a p s , i s b a c k g r o u n d r e s e m b l a n c e i n c h a m e l e o n s , 

t h o u g h of course the capacity to c h a n g e c o l o u r a d a p t i v e l y is p r e s u m a b l y a 

se lec t ive a d a p t a t i o n . T h e a d a p t i v e c h a n g e s i n p h y s i o l o g y t o w h i c h w e g i v e 

n a m e s l ike a c c l i m a t i z a t i o n a n d t r a in ing , the effects o f e x e r c i s e , use a n d disuse , 

a re p r o b a b l y al l i n s t ruc t ive . C o m p l e x a n d e l a b o r a t e a d a p t i v e f i t s c a n b e 

a c h i e v e d by ins t ruc t ion , as in the l e a r n i n g of a p a r t i c u l a r h u m a n l a n g u a g e . 

As a l r e a d y e x p l a i n e d , i t i s c l e a r tha t in S t e e l e ' s t h e o r y the a d a p t e d n e s s c o m e s 

no t f rom ins t ruc t ion b u t f rom se lec t ion , a n d g e n e t i c r e p l i c a t o r s e l ec t ion a t 

that . M y w o r l d - v i e w w i l l b e o v e r t u r n e d i f s o m e b o d y d e m o n s t r a t e s the 

gene t i c i n h e r i t a n c e , no t j u s t o f a n ' a c q u i r e d c h a r a c t e r i s t i c ' b u t o f a n 

ins t ruc t ive ly a c q u i r e d a d a p t a t i o n . T h e r eason i s t ha t the i n h e r i t a n c e o f a n 

ins t ruc t ive ly a c q u i r e d a d a p t a t i o n w o u l d v i o l a t e the ' c e n t r a l d o g m a ' o f 

e m b r y o l o g y . 
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The poverty of preformationism 
O d d l y , my b e l i e f i n the i n v i o l a b i l i t y o f the c e n t r a l d o g m a i s not a d o g m a t i c 

o n e ! I t i s b a s e d on r ea son . I mus t be c a u t i o u s he re , a n d d i s t ingu i sh t w o forms 

o f c e n t r a l d o g m a , the c e n t r a l d o g m a o f m o l e c u l a r gene t i c s a n d the cen t ra l 

d o g m a o f e m b r y o l o g y . T h e first i s the o n e s ta ted b y C r i c k : gene t i c 

i n f o r m a t i o n m a y be t r ans l a t ed from n u c l e i c a c i d to p ro t e in , bu t not the o the r 

w a y . S t e e l e ' s t h e o r y , as he h i m s e l f i s ca re fu l to po in t ou t , does not v io l a t e this 

d o g m a . H e m a k e s use o f r everse t r ansc r ip t ion from R N A t o D N A , bu t not 

r everse t r ans l a t i on f rom p ro t e in to R N A . I am no t a m o l e c u l a r b io log i s t , a n d 

s o c a n n o t j u d g e the e x t e n t t o w h i c h the t heo re t i ca l b o a t w o u l d b e rocked i f 

s u c h r eve r se t r ans l a t i on w e r e e v e r d i s c o v e r e d . I t does no t s e e m to me 

o b v i o u s l y i m p o s s i b l e in p r i n c i p l e , b e c a u s e the t r ans l a t ion from n u c l e i c ac id 

to p r o t e i n , or f rom p r o t e i n to n u c l e i c a c i d , i s a s imp le d i c t i o n a r y l o o k - u p 

p r o c e d u r e , o n l y s l i gh t ly m o r e c o m p l e x t han the D N A / R N A t ransc r ip t ion . I n 

b o t h cases the re i s a o n e - t o - o n e m a p p i n g b e t w e e n the t w o codes . I f a h u m a n , 

o r a c o m p u t e r , e q u i p p e d w i t h the d i c t i o n a r y , c a n t rans la te f rom pro te in to 

R N A , I d o n ' t see w h y n a t u r e shou ld not . T h e r e m a y b e a g o o d theore t i ca l 

r eason , o r i t m a y just be an e m p i r i c a l l a w tha t has no t y e t b e e n v i o l a t e d . 

T h e r e i s no n e e d for me to p u r s u e the m a t t e r b e c a u s e , in a n y case , a v e r y g o o d 

t h e o r e t i c a l case c a n b e m a d e aga ins t v i o l a t i n g the o the r c e n t r a l d o g m a , the 

c e n t r a l d o g m a o f e m b r y o l o g y . T h i s i s the d o g m a tha t the m a c r o s c o p i c form 

a n d b e h a v i o u r o f a n o r g a n i s m m a y be , i n s o m e sense, c o d e d i n the genes , bu t 

the c o d e i s i r r eve r s ib l e . I f C r i c k ' s c e n t r a l d o g m a states tha t p ro te in m a y not 

b e t r ans l a t ed b a c k in to D N A , the c e n t r a l d o g m a o f e m b r y o l o g y states tha t 

b o d i l y fo rm a n d b e h a v i o u r m a y no t b e t rans la ted b a c k in to p ro t e in . 

I f y o u s leep i n the sun w i t h y o u r h a n d o v e r y o u r ches t , a w h i t e i m a g e o f 

y o u r h a n d w i l l b e i m p r i n t e d o n y o u r o t h e r w i s e t a n n e d b o d y . T h i s i m a g e i s 

a n a c q u i r e d c h a r a c t e r i s t i c . I n o r d e r for i t t o b e i nhe r i t ed , g e m m u l e s o r R N A 

vi ruses , o r w h a t e v e r a g e n t o f r everse t r ans la t ion i s pos tu l a t ed , w o u l d h a v e to 

s can the macroscopic o u t l i n e of the h a n d i m a g e a n d t rans la te i t in to the 

m o l e c u l a r s t r uc tu r e o f D N A necessa ry t o p r o g r a m the d e v e l o p m e n t o f a 

s imi la r h a n d i m a g e . I t i s sugges t ions of this k ind tha t cons t i tu t e a v i o l a t i o n of 

the c e n t r a l d o g m a o f e m b r y o l o g y . 

T h e c e n t r a l d o g m a o f e m b r y o l o g y does not fo l low i n e v i t a b l y from 

c o m m o n sense. R a t h e r , i t i s a l o g i c a l i m p l i c a t i o n of r e j ec t i ng the 

p r e fo rma t ion i s t v i e w of d e v e l o p m e n t . I sugges t , i n d e e d , tha t the re is a c lose 

l ink b e t w e e n the e p i g e n e t i c v i e w o f d e v e l o p m e n t a n d the D a r w i n i a n v i e w o f 

a d a p t a t i o n , a n d b e t w e e n p r e f o r m a t i o n i s m a n d the L a m a r c k i a n v i e w o f 

a d a p t a t i o n . Y o u m a y b e l i e v e i n i n h e r i t a n c e o f L a m a r c k i a n ( i .e . ' i n s t ruc t ive ' ) 

a d a p t a t i o n s , b u t o n l y i f y o u a re p r e p a r e d to e m b r a c e a p re fo rmat ion i s t i c 

v i e w o f e m b r y o l o g y . I f d e v e l o p m e n t w e r e p re fo rma t ion i s t i c , i f D N A rea l ly 

were a ' b l u e p r i n t for a b o d y ' , r e a l l y w e r e a cod i f i ed h o m u n c u l u s , reverse 

d e v e l o p m e n t — l o o k i n g - g l a s s e m b r y o l o g y — w o u l d b e c o n c e i v a b l e . 



Selfish D N A , Jumping Genes, and a L a m a r c k i a n Scare 175 

But the b l u e p r i n t m e t a p h o r o f the t e x t b o o k s i s d r e a d f u l l y m i s l e a d i n g , for i t 

impl ies a o n e - t o - o n e m a p p i n g b e t w e e n bi ts o f b o d y a n d bits o f g e n o m e . B y 

in spec t ing a house , we m a y r econs t ruc t a b l u e p r i n t f rom w h i c h s o m e b o d y 

else c o u l d bu i ld an i d e n t i c a l house , u s ing the s a m e b u i l d i n g t e c h n i q u e a s w a s 

used for the o r i g i n a l house . T h e i n f o r m a t i o n a l a r r o w s f rom b l u e p r i n t t o 

house are r eve r s ib l e . T h e r e l a t i v e pos i t ions o f the ink l ines i n the b l u e p r i n t 

and of the b r i ck w a l l s in the house are t r a n s f o r m a b l e , o n e i n to the o t h e r , by a 

few s imple s c a l i n g rules . T o g o f rom b l u e p r i n t t o house , y o u m u l t i p l y a l l 

m e a s u r e m e n t s b y , say t w e n t y . T o g o f rom house t o b l u e p r i n t , y o u d i v i d e al l 

m e a s u r e m e n t s by t w e n t y . I f the house s o m e h o w a c q u i r e s a n e w fea tu re , s a y a 

wes t w i n g , a s i m p l e , a u t o m a t i c p r o c e d u r e c o u l d be w r i t t e n d o w n for a d d i n g 

a s c a l e d - d o w n m a p of the wes t w i n g to the b l u e p r i n t . I f the g e n o m e w e r e a 

b luep r in t w i t h a o n e - t o - o n e m a p p i n g f rom g e n o t y p e to p h e n o t y p e , i t w o u l d 

not be i n c o n c e i v a b l e t ha t the w h i t e i m p r i n t o f a h a n d on an o t h e r w i s e 

t anned chest c o u l d be m a p p e d on to a sort o f m i n i a t u r e g e n e t i c s h a d o w of 

itself, a n d so i nhe r i t ed . 

Bu t this i s u t t e r ly a l i en t o e v e r y t h i n g w e n o w u n d e r s t a n d a b o u t the w a y 

d e v e l o p m e n t w o r k s . T h e g e n o m e i s no t , i n a n y sense w h a t s o e v e r , a sca le 

m o d e l of the b o d y . I t i s a set of ins t ruc t ions w h i c h , i f fa i thfu l ly o b e y e d in the 

r ight o rde r a n d u n d e r the r igh t cond i t i ons , w i l l resul t in a b o d y . I h a v e 

p rev ious ly used the m e t a p h o r o f a c a k e ( D a w k i n s i n press a ) . W h e n y o u 

m a k e a c a k e y o u m a y , in s o m e sense, say tha t y o u a re ' t r a n s l a t i n g ' f rom 

rec ipe to c a k e . B u t i t i s an i r r eve r s ib le p rocess . Y o u c a n n o t d issec t a c a k e 

and t h e r e b y r econs t ruc t the o r i g i n a l r e c i p e . T h e r e i s no o n e - t o - o n e , 

revers ib le m a p p i n g f rom w o r d s o f r ec ipe t o c r u m b s o f c a k e . T h i s i s no t t o say 

tha t a ski l led c o o k c o u l d no t a c h i e v e a pas sab le r eve r sa l , by t a k i n g a c a k e 

presen ted to h i m a n d m a t c h i n g its taste a n d p rope r t i e s a g a i n s t his o w n pas t 

e x p e r i e n c e o f c a k e s a n d rec ipes , a n d then r e c o n s t r u c t i n g the r e c i p e . B u t t ha t 

w o u l d be a k ind of m e n t a l se l ec t ion p r o c e d u r e , a n d w o u l d in no sense be a 

translation from c a k e to r ec ipe (a g o o d d i scuss ion of the d i f fe rence b e t w e e n 

revers ib le a n d i r r eve r s ib le codes , in the c o n t e x t o f the n e r v o u s sy s t em, i s 

g i v e n b y B a r l o w 1 9 6 1 ) . 

A c a k e is the c o n s e q u e n c e of the o b e y i n g of a series of i n s t ruc t ions , w h e n to 

m i x the v a r i o u s i ng red ien t s , w h e n to a p p l y hea t , e tc . I t i s no t t rue t h a t the 

c a k e i s those ins t ruc t ions r e n d e r e d in to a n o t h e r c o d i n g m e d i u m . I t i s no t l ike 

a t rans la t ion of the r e c i p e f rom F r e n c h in to E n g l i s h , w h i c h i s in p r i n c i p l e 

revers ib le (g ive or t a k e a few nuances). A b o d y , too , is t he c o n s e q u e n c e of the 

o b e y i n g o f a series o f i n s t ruc t ions ; no t so m u c h w h e n to a p p l y h e a t a s w h e n 

t o a p p l y e n z y m e s s p e e d i n g u p p a r t i c u l a r c h e m i c a l r e a c t i o n s . I f the p rocess o f 

e m b r y o n i c d e v e l o p m e n t i s c o r r e c t l y set in m o t i o n in the r i gh t e n v i r o n m e n t , 

the end resul t w i l l be a w e l l - f o r m e d a d u l t b o d y , m a n y of w h o s e a t t r i bu t e s 

wi l l be i n t e rp r e t ab l e a s c o n s e q u e n c e s o f its g e n e s . B u t y o u c a n n o t r e c o n s t r u c t 

a n i n d i v i d u a l ' s g e n o m e b y i n s p e c t i n g his b o d y , a n y m o r e t h a n y o u c o u l d 



176 Selfish D N A , Jumping Genes, and a Lamarckian Scare 

r econs t ruc t W i l l i a m S h a k e s p e a r e b y d e c o d i n g his c o l l e c t e d w o r k s . C a n n o n ' s 

a n d G o u l d ' s false a r g u m e n t o f p . 1 1 6 i s v a l i d l y a d a p t e d t o e m b r y o l o g y . 

L e t me p u t the m a t t e r in a n o t h e r w a y . I f a m a n i s p a r t i c u l a r l y fat, there 

a r e m a n y w a y s i n w h i c h this m i g h t h a v e c o m e a b o u t . H e m i g h t h a v e a 

g e n e t i c p r ed i spos i t i on t o m e t a b o l i z e his food p a r t i c u l a r l y t h o r o u g h l y . Or he 

m i g h t h a v e b e e n o v e r f e d . T h e end resul t o f a n excess o f food m a y b e 

i d e n t i c a l to the end resul t of a p a r t i c u l a r g e n e . In b o t h cases the m a n is fat. 

Bu t the rou tes b y w h i c h the t w o c a u s a l agen t s p r o d u c e d thei r c o m m o n effects 

a re t o t a l l y d i f ferent . F o r a m a n w h o is a r t i f ic ia l ly stuffed w i t h food to pass on 

his a c q u i r e d fatness t o his c h i l d r e n g e n e t i c a l l y , s o m e m e c h a n i s m w o u l d h a v e 

to exis t tha t sensed his fatness, then l o c a t e d a ' fatness g e n e ' a n d caused i t to 

m u t a t e . B u t h o w c o u l d such a fatness g e n e be l o c a t e d ? T h e r e i s n o t h i n g 

in t r ins ic in the n a t u r e of the g e n e tha t m a k e s i t r e c o g n i z a b l e as a fatness 

g e n e . I t has its obese effect o n l y as a resul t o f the l o n g a n d c o m p l e x un fo ld ing 

s e q u e n c e t h a t i s e p i g e n e t i c d e v e l o p m e n t . T h e o n l y w a y , i n p r i n c i p l e , t o 

r e c o g n i z e a ' fatness g e n e ' for w h a t i t is, is to a l l o w it to exer t its effects on the 

n o r m a l processes o f d e v e l o p m e n t , a n d this m e a n s d e v e l o p m e n t i n the 

n o r m a l , f o r w a r d d i r e c t i o n . 

T h i s i s w h y b o d i l y a d a p t a t i o n s c a n c o m e a b o u t b y se l ec t ion . G e n e s are 

a l l o w e d t o e x e r t the i r n o r m a l effects o n d e v e l o p m e n t . T h e i r d e v e l o p m e n t a l 

c o n s e q u e n c e s — p h e n o t y p i c ef fec ts—feed b a c k o n those g e n e s ' c h a n c e s o f 

s u r v i v i n g , a n d as a resul t g e n e f r equenc ie s c h a n g e in s u c c e e d i n g gene ra t i ons 

i n a d a p t i v e d i r e c t i o n s . S e l e c t i v e theor ies o f a d a p t a t i o n , bu t no t ins t ruc t ive 

theor ies , c a n c o p e w i t h the fact tha t the r e l a t ionsh ip b e t w e e n a g e n e a n d its 

p h e n o t y p i c effect i s no t an in t r ins ic p r o p e r t y of the g e n e , b u t a p r o p e r t y of 

the f o r w a r d d e v e l o p m e n t a l c o n s e q u e n c e s o f the g e n e w h e n i n t e r a c t i n g w i t h 

the c o n s e q u e n c e s o f m a n y o t h e r g e n e s a n d m a n y e x t e r n a l fac tors . 

C o m p l e x a d a p t a t i o n t o a n e n v i r o n m e n t m a y arise i n i n d i v i d u a l o rgan i sms 

t h r o u g h in s t ruc t ion f rom tha t e n v i r o n m e n t . In m a n y cases this c e r t a in ly 

h a p p e n s . B u t , g i v e n a n a s s u m p t i o n o f e p i g e n e t i c , not p re fo rmat ion i s t i c 

e m b r y o l o g y , t o e x p e c t such c o m p l e x a d a p t a t i o n s t o b e t rans la ted in to the 

m e d i u m o f the g e n e t i c c o d e , b y s o m e m e a n s o t h e r t h a n the se lec t ion o f 

u n d i r e c t e d v a r i a t i o n , is a gross v i o l a t i o n of a l l tha t I h o l d r a t i ona l . 

T h e r e a re o t h e r e x a m p l e s o f w h a t looks l ike t rue L a m a r c k i a n ' i n s t ruc t ion ' 

f rom the e n v i r o n m e n t b e i n g i nhe r i t ed . N o n - g e n e t i c a n o m a l i e s tha t a p p e a r , 

o r e v e n tha t a re s u r g i c a l l y i n d u c e d , i n the c o r t e x o f c i l i a tes , m a y b e d i r ec t ly 

i n h e r i t e d . T h i s has b e e n d e m o n s t r a t e d b y S o n n e b o r n a n d o thers . B y 

B o n n e r ' s a c c o u n t , t h e y c u t o u t a sma l l po r t i on of the c o r t e x of Paramecium 

a n d r eve r s ed i t . ' T h e resul t i s a Paramecium w i t h pa r t of o n e r o w of basa l 

bod i e s in w h i c h the fine s t ruc tu re a n d de ta i l s a re all p o i n t e d 180° a w a y from 

the rest o f the su r face . T h i s a n o m a l o u s k ine ty i s n o w i n h e r i t e d ; i t a p p e a r s to 

be a p e r m a n e n t f ix ture o f the p r o g e n y ( w h i c h h a v e b e e n ca r r i ed t h r o u g h 800 

g e n e r a t i o n s ) ' ( B o n n e r 1 9 7 4 , p . 180) . T h e i n h e r i t a n c e a p p e a r s t o b e non-
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gen ic a n d i s o b v i o u s l y n o n - n u c l e a r . ' . . . the c o r t e x i s m a d e up o f 

m a c r o m o l e c u l e s tha t a s s e m b l e in a p a r t i c u l a r p a t t e r n , a n d . . . this p a t t e r n , 

e v e n in a d i s t u rbed s ta te , i s d i r e c t l y i nhe r i t ed . . . . we h a v e a l a r g e a n d 

e x c e e d i n g l y c o m p l e x c o r t e x w h o s e p a t t e r n o f f i t t ing t o g e t h e r i s a p r o p e r t y o f 

the m a c r o m o l e c u l e s a t the c o r t e x a n d i s no t d i r e c t l y u n d e r n u c l e a r c o n t r o l . 

O v e r w h a t mus t h a v e b e e n a l o n g t ime a n d a vas t n u m b e r o f ce l l c y c l e s , a 

surface s t ruc tu re e v o l v e d . T h e s t ruc tu re i tse l f h a d p r o p e r t i e s such t h a t its 

i m m e d i a t e form i s i n d e p e n d e n t o f the n u c l e u s ; a t the s a m e t i m e , i t i s t o t a l l y 

d e p e n d e n t on the n u c l e u s , we p r e s u m e , for the synthes is o f its spec i f i c a l l y 

shaped b u i l d i n g b l o c k s ' ( B o n n e r 1 9 7 4 ) . 

As i n the case o f S t ee l e ' s w o r k , w h e t h e r we r e g a r d this a s the i n h e r i t a n c e o f 

a c q u i r e d cha rac t e r i s t i c s d e p e n d s u p o n o u r de f in i t ion o f the g e r m - l i n e . I f w e 

d i rec t o u r a t t en t ion to the i n d i v i d u a l b o d y , a s u r g i c a l m u t i l a t i o n of its c o r t e x 

i s c l e a r l y an a c q u i r e d cha rac t e r i s t i c h a v i n g n o t h i n g t o do w i t h the n u c l e a r 

g e r m - l i n e . If, on the o the r h a n d , we look a t u n d e r l y i n g r e p l i c a t o r s , in this 

case p e r h a p s the ba sa l bod i e s o f c i l i a , the p h e n o m e n o n falls u n d e r the 

g e n e r a l h e a d i n g o f r e p l i c a t o r p r o p a g a t i o n . G i v e n tha t m a c r o m o l e c u l a r 

s t ructures in the c o r t e x a re t rue r ep l i ca to r s , s u r g i c a l l y r o t a t i n g a p o r t i o n of 

co r t ex i s a n a l o g o u s to c u t t i n g o u t a po r t i on of c h r o m o s o m e , i n v e r t i n g it, a n d 

p u t t i n g i t b a c k . N a t u r a l l y the i nve r s ion i s i n h e r i t e d , b e c a u s e i t i s p a r t of the 

g e r m - l i n e . I t a p p e a r s tha t e l e m e n t s of the c o r t e x of Paramecium h a v e a g e r m -

line o f the i r o w n , a l t h o u g h a p a r t i c u l a r l y r e m a r k a b l e o n e in t ha t the 

in fo rmat ion t r ansmi t t ed does no t seem t o b e e n c o d e d i n n u c l e i c a c i d s . W e 

should def in i te ly p r e d i c t tha t n a t u r a l s e l ec t ion m i g h t a c t d i r e c t l y on this 

n o n - g e n i c g e r m - l i n e , s h a p i n g sur face s t ruc tu re for the a d a p t i v e benef i t o f the 

r e p l i c a t i n g uni ts in the sur face itself. I f the re i s a n y conf l i c t b e t w e e n the 

interests o f these sur face r ep l i ca to r s a n d n u c l e a r g e n e s , the r e so lu t ion o f the 

confl ic t shou ld m a k e a f a s c ina t i ng s tudy . 

T h i s i s by no m e a n s the o n l y e x a m p l e o f n o n - n u c l e a r i n h e r i t a n c e . I t i s 

b e c o m i n g i n c r e a s i n g l y c l e a r tha t n o n - n u c l e a r g e n e s , e i t he r i n o r g a n e l l e s s u c h 

as m i t o c h o n d r i a o r loose in c y t o p l a s m , e x e r t n o t i c e a b l e effects on p h e n o t y p e s 

( G r u n 1 9 7 6 ) . I h a d i n t e n d e d to i n c l u d e a s ec t ion c a l l e d The Selfish 

Plasmagene, d i scuss ing the e x p e c t e d c o n s e q u e n c e s o f s e l ec t ion a c t i n g on 

c y t o p l a s m i c r ep l i ca to r s , a n d the l ike ly results o f conf l ic ts w i t h n u c l e a r genes . 

H o w e v e r , I h a d go t no fur ther t han s o m e b r i e f r e m a r k s on 'selfish 

m i t o c h o n d r i a ' ( n o w i n C h a p t e r 1 2 ) , w h e n t w o p a p e r s a r r i v e d ( E b e r h a r d 

1980; C o s m i d e s & T o o b y 1 9 8 1 ) w h i c h , i n d e p e n d e n t l y , s a y e v e r y t h i n g I 

m i g h t h a v e said a n d m u c h m o r e . T o g i v e j u s t o n e e x a m p l e , ' T h e m i g r a t i o n 

o f e g g m i t o c h o n d r i a to c lus te r a r o u n d the e g g n u c l e u s , so a s to f a v o r the i r 

inc lus ion in the " n e o c y t o p l a s m " of the p r o e m b r y o in the g y m n o s p e r m s Larix 

a n d Pseudotsuga . . . m a y resul t f rom c o m p e t i t i o n for i n c l u s i o n in the e m b r y o ' 

( E b e r h a r d , p . 238) . R a t h e r t han e x t e n s i v e l y d u p l i c a t e w h a t i s in t h e m I 

w o u l d prefer s i m p l y t o r e c o m m e n d reade r s t o consu l t b o t h these e x c e l l e n t 
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pape r s . I w i l l o n l y a d d tha t b o t h p a p e r s a re g o o d e x a m p l e s o f the k ind o f 

d iscuss ion tha t I b e l i e v e w i l l b e c o m e c o m m o n p l a c e , o n c e the r ep l i ca to r 

r e p l a c e s the i n d i v i d u a l o r g a n i s m as the f u n d a m e n t a l c o n c e p t u a l un i t in our 

t h i n k i n g a b o u t n a t u r a l s e l ec t i on . O n e does no t h a v e t o b e c l a i r v o y a n t t o 

p r o p h e s y , for e x a m p l e , the rise o f a f lour i sh ing n e w d i sc ip l ine o f ' p r o k a r y o t i c 

s o c i o b i o l o g y ' . 

N e i t h e r E b e r h a r d n o r C o s m i d e s a n d T o o b y e x p l i c i t l y jus t i fy o r d o c u m e n t 

the g e n e s ' - e y e v i e w of l i f e : t hey s i m p l y assume i t : ' T h e r ecen t shift t o w a r d s 

v i e w i n g the g e n e as the uni t o f se l ec t ion , c o u p l e d w i t h a r e c o g n i t i o n o f the 

different m o d e s o f g e n e t i c i n h e r i t a n c e m a k e s the c o n c e p t o f paras i t i sm, 

symbios i s , conf l i c t , c o o p e r a t i o n , a n d c o e v o l u t i o n — w h i c h w e r e d e v e l o p e d 

w i t h r e f e rence t o w h o l e o r g a n i s m s — r e l e v a n t t o genes w i t h i n an o r g a n i s m ' 

( C o s m i d e s & T o o b y ) . T h e s e p a p e r s h a v e w h a t I c a n o n l y de sc r ibe a s the 

f l a v o u r o f p o s t - r e v o l u t i o n a r y n o r m a l s c i ence ( K u h n 1 9 7 0 ) . 
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T h e r e a d e r m a y r e m a r k tha t w e h a v e c o m e thus far w i t h s c a r c e l y a 

m e n t i o n o f ' f i tness ' . T h i s w a s d e l i b e r a t e . I h a v e m i s g i v i n g s a b o u t the t e r m , 

bu t I h a v e been h o l d i n g m y f i r e . S e v e r a l o f the ea r l i e r c h a p t e r s h a v e b e e n 

a i m e d , in the i r different w a y s , a t e x p o s i n g the w e a k n e s s e s in the i n d i v i d u a l 

o rgan i sm ' s c a n d i d a c y for the title of o p t i m o n , the uni t for w h o s e benef i t 

a d a p t a t i o n s m a y be sa id to w o r k . 'F i tness ' , a s i t i s n o r m a l l y used by 

ecologis ts a n d e tho log is t s , is a v e r b a l t r ick , a d e v i c e c o n t r i v e d to m a k e i t 

possible to ta lk in te rms of i n d i v i d u a l s , as o p p o s e d to t rue r e p l i c a t o r s , as 

benef ic iar ies o f a d a p t a t i o n . T h e w o r d i s therefore a k i n d o f v e r b a l s y m b o l o f 

the pos i t ion tha t I am t r y i n g to a r g u e aga ins t . M o r e t h a n tha t , the w o r d i s 

a c t i v e l y confus ing b e c a u s e i t has b e e n used in so m a n y di f ferent w a y s . I t i s 

therefore f i t t ing to end the c r i t i c a l sec t ion of the b o o k w i t h a d i scuss ion of 

fitness. 

H e r b e r t S p e n c e r ' s (1864) t e rm ' s u r v i v a l o f the f i t t e s t ' w a s a d o p t e d b y 

D a r w i n (1866) a t the u r g i n g o f W a l l a c e ( 1 8 6 6 ) . W a l l a c e ' s a r g u m e n t m a k e s 

fasc ina t ing r e a d i n g t o d a y , a n d I c a n n o t resist q u o t i n g h i m a t s o m e l e n g t h : 

M y d e a r D a r w i n , — I h a v e b e e n s o r e p e a t e d l y s t ruck b y the u t t e r 

i nab i l i t y o f n u m b e r s o f i n t e l l i gen t persons to see c l e a r l y , o r a t a l l , the 

se l f -ac t ing a n d necessa ry effects o f N a t u r a l S e l e c t i o n , t ha t I am led to 

c o n c l u d e tha t the t e rm itself, a n d y o u r m o d e o f i l l u s t r a t i n g it, 

h o w e v e r c l ea r a n d beau t i fu l t o m a n y o f us, a r e y e t no t the best 

a d a p t e d t o impress i t on the g e n e r a l na tu r a l i s t p u b l i c . . . i n J a n e t ' s 

r ecen t w o r k o n the ' M a t e r i a l i s m o f the P resen t D a y ' . . . h e cons ide r s 

y o u r w e a k po in t t o be tha t y o u do no t see tha t ' t h o u g h t a n d d i r e c t i o n 

are essent ial t o the a c t i o n o f N a t u r a l S e l e c t i o n ' . T h e s a m e o b j e c t i o n 

has been m a d e a score o f t imes by y o u r c h i e f o p p o n e n t s , a n d I h a v e 

h e a r d i t as often s ta ted m y s e l f in c o n v e r s a t i o n . N o w , I t h ink this arises 

a lmos t en t i r e ly from y o u r c h o i c e o f the t e r m N a t u r a l S e l e c t i o n , a n d so 

cons t an t ly c o m p a r i n g i t in its effects to m a n ' s s e l ec t ion , a n d a lso to 
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y o u r so f r e q u e n t l y p e r s o n i f y i n g n a t u r e as ' s e l e c t i n g ' , as ' p re fe r r ing ' , as 

' s e e k i n g o n l y the g o o d o f the spec ies ' , e tc . , e t c . To the few this i s a s 

c l e a r as d a y l i g h t , a n d beau t i fu l ly s u g g e s t i v e , b u t to m a n y i t i s 

e v i d e n t l y a s t u m b l i n g b l o c k . I w i s h , there fore , to sugges t to y o u the 

poss ib i l i ty o f en t i r e ly a v o i d i n g this source o f m i s c o n c e p t i o n i n y o u r 

g r e a t w o r k (if n o w no t too l a t e ) , a n d a lso in a n y future ed i t ions o f the 

' O r i g i n ' , a n d I th ink i t m a y be d o n e w i t h o u t diff icul ty a n d v e r y 

e f fec tua l ly by a d o p t i n g S p e n c e r ' s t e r m ( w h i c h he g e n e r a l l y uses i n 

p r e f e r e n c e t o N a t u r a l S e l e c t i o n ) , v i z . ' S u r v i v a l o f the F i t tes t ' . T h i s 

t e rm is the p l a i n expres s ion of the f ac t ; ' N a t u r a l S e l e c t i o n ' is a 

m e t a p h o r i c a l expres s ion of it, a n d to a c e r t a i n d e g r e e indirect a n d 

incorrect, s ince , e v e n pe r son i fy ing N a t u r e , she does no t so m u c h select 

spec i a l v a r i a t i o n s as e x t e r m i n a t e the mos t u n f a v o u r a b l e ones . . . [ T h e 

W a l l a c e - D a r w i n C o r r e s p o n d e n c e ] . 

I t m a y seem h a r d to b e l i e v e tha t a n y o n e c o u l d h a v e been mis led in the 

w a y tha t W a l l a c e i n d i c a t e s , b u t Y o u n g ( 1 9 7 1 ) p r o v i d e s a m p l e e v i d e n c e 

c o n f i r m i n g tha t D a r w i n ' s c o n t e m p o r a r i e s often w e r e s o mis l ed . E v e n today 

the confus ion i s no t u n k n o w n , a n d an a n a l o g o u s m u d d l e arises o v e r the 

c a t c h - p h r a s e 'selfish g e n e ' : ' T h i s i s an i n g e n i o u s t heo ry b u t fa r - fe tched. 

T h e r e i s no r eason for i m p u t i n g the c o m p l e x e m o t i o n o f selfishness to 

m o l e c u l e s ' (Be the l l 1 9 7 8 ) ; ' G e n e s c a n n o t b e selfish o r unself ish, a n y m o r e 

t han a t o m s c a n be j e a l o u s , e l e p h a n t s abs t r ac t o r biscui ts t e l e o l o g i c a l ' 

( M i d g l e y 1 9 7 9 ; see r e p l y i n D a w k i n s 1 9 8 1 ) . 

D a r w i n (1866) w a s impres sed b y W a l l a c e ' s le t ter , w h i c h h e found 'as c l ea r 

a s d a y l i g h t ' , a n d he r e s o l v e d to i n c o r p o r a t e ' s u r v i v a l o f the f i t t e s t ' in to his 

w r i t i n g s , a l t h o u g h h e c a u t i o n e d tha t ' the t e r m N a t u r a l S e l e c t i o n has n o w 

b e e n so l a r g e l y used a b r o a d a n d a t h o m e tha t I d o u b t w h e t h e r i t cou ld be 

g i v e n u p , a n d w i t h al l its faul ts I shou ld be sor ry to see the a t t e m p t m a d e . 

W h e t h e r i t w i l l b e r e j ec t ed mus t n o w d e p e n d o n the " s u r v i v a l o f the 

f i t tes t" . . . ' ( D a r w i n c l e a r l y u n d e r s t o o d the ' m e m e ' p r i n c i p l e ) . ' A s i n t ime 

the t e r m m u s t g r o w i n t e l l i g i b l e , the ob j ec t i ons to its use wi l l g r o w w e a k e r 

a n d w e a k e r . I d o u b t w h e t h e r the use o f a n y t e r m w o u l d h a v e m a d e the 

sub jec t i n t e l l i g i b l e to s o m e m i n d s . . . As for M . J a n e t , he i s a m e t a p h y s i c i a n , 

a n d such g e n t l e m e n a re so a c u t e tha t I th ink t hey often mi sunde r s t and 

c o m m o n fo lk . ' 

W h a t n e i t h e r W a l l a c e n o r D a r w i n c o u l d h a v e foreseen w a s tha t ' su rv iva l 

o f the fi t test ' w a s des t i ned to g e n e r a t e m o r e ser ious confus ion t han ' na tu ra l 

s e l e c t i o n ' e v e r h a d . A f ami l i a r e x a m p l e i s the a t t e m p t , r e d i s c o v e r e d w i t h 

a lmos t p a t h e t i c e a g e r n e s s b y success ive g e n e r a t i o n s o f a m a t e u r (and e v e n 

profess iona l ) p h i l o s o p h e r s ('so a c u t e tha t t hey m i s u n d e r s t a n d c o m m o n 

f o l k ' ? ) , to d e m o n s t r a t e tha t the t heo ry of n a t u r a l se lec t ion is a wor th less 

t a u t o l o g y (an a m u s i n g v a r i a n t is tha t i t is unfa ls i f iab le a n d therefore fa lse!) . 
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In fact the i l lus ion o f t a u t o l o g y s tems en t i r e ly f rom the p h r a s e ' s u r v i v a l o f the 

fittest ' , a n d no t f rom the t h e o r y i tse l f a t a l l . T h e a r g u m e n t i s a r e m a r k a b l e 

e x a m p l e o f the e l e v a t i o n o f w o r d s a b o v e thei r s t a t ion , i n w h i c h r e s p e c t i t 

r esembles S t A n s e l m ' s o n t o l o g i c a l p r o o f o f the e x i s t e n c e o f G o d . L i k e G o d , 

na tu ra l se lec t ion i s too b i g a t h e o r y to be p r o v e d or d i s p r o v e d by w o r d -

g a m e s . G o d a n d n a t u r a l se l ec t ion a re , after a l l , the o n l y t w o w o r k a b l e 

theories w e h a v e o f w h y w e exis t . 

Br ief ly , the t a u t o l o g y i d e a is this. N a t u r a l s e l ec t ion is de f ined as the 

s u r v i v a l o f the f i t t e s t , a n d the f i t t e s t a r e de f ined a s those t h a t s u r v i v e . 

T h e r e f o r e the w h o l e o f D a r w i n i s m i s a n unfa ls i f iab le t a u t o l o g y a n d w e d o n ' t 

h a v e t o w o r r y o u r h e a d s a b o u t i t a n y m o r e . F o r t u n a t e l y , s e v e r a l 

a u t h o r i t a t i v e rep l ies t o this w h i m s i c a l l i t t le c o n c e i t a r e a v a i l a b l e ( M a y n a r d 

S m i t h 1 9 6 9 ; S t e b b i n s 1 9 7 7 ; A l e x a n d e r 1980) , a n d I n e e d no t l a b o u r m y 

o w n . I w i l l , h o w e v e r , c h a l k u p the t a u t o l o g y i d e a o n m y list o f m u d d l e s 

a t t r i b u t a b l e to the c o n c e p t o f fitness. 

I t is, as I h a v e sa id , a p u r p o s e of this c h a p t e r to s h o w tha t f i tness is a v e r y 

difficult c o n c e p t , a n d tha t there m i g h t be s o m e t h i n g to be sa id for d o i n g 

w i t h o u t i t w h e n e v e r we c a n . O n e w a y I sha l l do this i s t o s h o w tha t the w o r d 

has b e e n used by b io log is t s in a t leas t f ive different senses. T h e first a n d 

oldest m e a n i n g i s the o n e closest to e v e r y d a y u s a g e . 

Fit the F i r s t 

W h e n S p e n c e r , W a l l a c e a n d D a r w i n o r i g i n a l l y used the t e r m ' f i tness ' , t he 

c h a r g e o f t a u t o l o g y w o u l d not h a v e o c c u r r e d to a n y o n e . I sha l l c a l l this 

o r ig ina l u sage f i tness [1 ] . I t d id no t h a v e a p rec i se t e c h n i c a l m e a n i n g , a n d the 

f i t tes t w e r e no t defined as those tha t s u r v i v e . F i tness m e a n t , r o u g h l y , t he 

c a p a c i t y t o s u r v i v e a n d r e p r o d u c e , b u t i t w a s no t de f ined a n d m e a s u r e d a s 

prec ise ly s y n o n y m o u s w i t h r e p r o d u c t i v e success . I t h a d a r a n g e o f speci f ic 

m e a n i n g s , d e p e n d i n g u p o n the p a r t i c u l a r a spec t o f life t h a t o n e w a s 

e x a m i n i n g . I f the sub jec t o f a t t e n t i o n w a s e f f ic iency i n g r i n d i n g v e g e t a b l e 

food, the f i t t e s t i n d i v i d u a l s w e r e those w i t h the ha rde s t t ee th o r the mos t 

power fu l j a w musc l e s . I n different c o n t e x t s the f i t t e s t i n d i v i d u a l s w o u l d b e 

t aken to m e a n those w i t h the keenes t eye s , the s t ronges t l e g m u s c l e s , the 

sharpest ears , the swiftest ref lexes . T h e s e c a p a c i t i e s a n d ab i l i t i e s , a l o n g w i t h 

count less o thers , w e r e supposed t o i m p r o v e o v e r the g e n e r a t i o n s , a n d n a t u r a l 

se lec t ion effected tha t i m p r o v e m e n t . ' S u r v i v a l o f the f i t t e s t ' w a s a g e n e r a l 

c h a r a c t e r i z a t i o n o f these p a r t i c u l a r i m p r o v e m e n t s . T h e r e i s n o t h i n g 

t a u t o l o g i c a l a b o u t tha t . 

I t w a s o n l y l a te r tha t f i tness w a s a d o p t e d as a t e c h n i c a l t e r m . Bio log i s t s 

t h o u g h t they n e e d e d a w o r d for tha t h y p o t h e t i c a l q u a n t i t y t ha t tends to be 

m a x i m i z e d a s a resul t o f n a t u r a l s e l ec t ion . T h e y c o u l d h a v e c h o s e n ' s e l e c t i v e 

po t en t i a l ' , o r ' s u r v i v a b i l i t y ' , o r 'W ' b u t i n fac t t h e y lit u p o n ' f i tness ' . T h e y 

d id the e q u i v a l e n t o f r e c o g n i z i n g tha t the de f in i t ion t hey w e r e s e e k i n g m u s t 
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be ' w h a t e v e r i t t akes to m a k e the s u r v i v a l o f the fittest in to a t a u t o l o g y ' . 

T h e y r ede f ined fitness a c c o r d i n g l y . 

B u t the t a u t o l o g y i s no t a p r o p e r t y of D a r w i n i s m itself, m e r e l y of the 

c a t c h p h r a s e we s o m e t i m e s use to d e s c r i b e it. I f I say tha t a t ra in t r ave l l i ng a t 

an a v e r a g e v e l o c i t y o f 120 m . p . h . w i l l r e a c h its des t ina t ion in h a l f the t ime i t 

t akes a t r a in t r a v e l l i n g at 60 m . p . h . , the fact tha t I h a v e u t t e red a t a u t o l o g y 

does no t p r e v e n t the t ra ins f rom r u n n i n g , no r does i t s top us ask ing 

m e a n i n g f u l q u e s t i o n s a b o u t w h a t m a k e s o n e t ra in faster t han the o t h e r : does 

i t h a v e a l a r g e r e n g i n e , supe r io r fuel , a m o r e s t r e a m l i n e d shape , or w h a t ? 

T h e c o n c e p t of v e l o c i t y i s defined in such a w a y as to m a k e s t a tements such as 

the o n e a b o v e t a u t o l o g i c a l l y t rue . I t i s this tha t m a k e s the c o n c e p t o f ve loc i t y 

useful . A s M a y n a r d S m i t h (1969) w i t h e r i n g l y p u t i t : ' O f cour se D a r w i n i s m 

c o n t a i n s t a u t o l o g i c a l f e a t u r e s : a n y scient i f ic t h e o r y c o n t a i n i n g t w o lines o f 

a l g e b r a does s o . ' A n d w h e n H a m i l t o n ( 1 9 7 5 a ) , s p e a k i n g o f ' s u r v i v a l o f the 

fi t test ' , said tha t ' a c c u s a t i o n s o f t a u t o l o g y seem h a r d l y fair on this smal l 

p h r a s e i t s e l f , h e w a s p u t t i n g i t m i l d l y . G i v e n the p u r p o s e for w h i c h f i t n e s s 

w a s r ede f ined , ' s u r v i v a l of the f i t tes t ' had to b e c o m e a t a u t o l o g y . 

T o r ede f ine f i t n e s s i n a s p e c i a l t e c h n i c a l sense m i g h t h a v e d o n e n o h a r m , 

o t h e r t h a n to g i v e s o m e earnes t ph i l o sophe r s a f i e ld d a y , bu t un fo r tuna t e ly 

its e x a c t t e c h n i c a l m e a n i n g has v a r i e d w i d e l y , a n d this has h a d the m o r e 

ser ious effect o f con fus ing s o m e b io logis t s too . T h e most prec ise a n d 

u n e x c e p t i o n a b l e o f the v a r i o u s t e c h n i c a l m e a n i n g s i s t ha t a d o p t e d by 

p o p u l a t i o n gene t i c i s t s . 

Fit the S e c o n d 

F o r p o p u l a t i o n gene t i c i s t s , f i t ne s s i s an o p e r a t i o n a l m e a s u r e , e x a c t l y def ined 

in t e rms of a m e a s u r e m e n t p r o c e d u r e . T h e w o r d is a p p l i e d not r ea l ly to a 

w h o l e i n d i v i d u a l o r g a n i s m b u t to a g e n o t y p e , u sua l l y a t a s ingle locus . T h e 

fitness W of a g e n o t y p e , s a y Aa, m a y be def ined as I — S, w h e r e S is the 

coeff ic ient o f s e l ec t ion a g a i n s t the g e n o t y p e ( F a l c o n e r 1960) . I t m a y b e 

r e g a r d e d as a m e a s u r e of the n u m b e r of offspr ing tha t a t y p i c a l i n d i v i d u a l of 

g e n o t y p e Aa i s e x p e c t e d to b r i n g up to r e p r o d u c t i v e a g e , w h e n a l l o the r 

v a r i a t i o n i s a v e r a g e d ou t . I t i s u sua l l y expressed r e l a t i ve to the co r r e spond 

i n g f i t ne s s o f o n e p a r t i c u l a r g e n o t y p e a t the locus , w h i c h i s a rb i t r a r i ly 

de f ined as I . T h e n the re i s sa id to be se lec t ion , a t tha t l ocus , in f a v o u r of 

g e n o t y p e s w i t h h i g h e r f i tness , r e l a t i v e to g e n o t y p e s w i t h l o w e r f i tness . I shal l 

c a l l this spec i a l p o p u l a t i o n gene t i c i s t s ' m e a n i n g o f the t e r m f i t n e s s [ 2 ] . W h e n 

w e say tha t b r o w n - e y e d i n d i v i d u a l s a re f i t t e r t h a n b l u e - e y e d i n d i v i d u a l s w e 

a re t a l k i n g a b o u t f i t n e s s [ 2 ] . W e a s sume tha t a l l o t h e r v a r i a t i o n a m o n g the 

i n d i v i d u a l s i s a v e r a g e d ou t , a n d we a re , in effect, a p p l y i n g the w o r d fitness to 

t w o g e n o t y p e s a t a s ing le l ocus . 
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Fit the T h i r d 

But w h i l e p o p u l a t i o n gene t ic i s t s a re in te res ted d i r e c t l y i n c h a n g e s i n 

g e n o t y p e f r equenc ies a n d g e n e f r equenc ie s , e tho log i s t s a n d eco log i s t s l ook a t 

w h o l e o r g a n i s m s a s i n t e g r a t e d sys tems tha t a p p e a r t o be m a x i m i z i n g 

s o m e t h i n g . Fi tness[3] , or ' c l ass ica l f i tness ' , i s a p r o p e r t y of an i n d i v i d u a l 

o r g a n i s m , often expressed as the p r o d u c t of s u r v i v a l a n d f e c u n d i t y . I t i s a 

measu re of the i n d i v i d u a l ' s r e p r o d u c t i v e success , o r its success in pas s ing its 

genes on to fu ture g e n e r a t i o n s . F o r i n s t ance , as m e n t i o n e d in C h a p t e r 7 , 

C l u t t o n - B r o c k et al. (in press) a r e c o n d u c t i n g a l o n g - t e r m s t u d y of a red d e e r 

p o p u l a t i o n o n the i s land o f R h u m , a n d pa r t o f the i r a i m i s t o c o m p a r e the 

l i fet ime r e p r o d u c t i v e successes o r fitness[3] o f ident i f ied i n d i v i d u a l s tags a n d 

h inds . 

N o t i c e the d i f ference b e t w e e n the f i t n e s s [ 3 ] o f a n i n d i v i d u a l a n d the 

fitness[2] o f a g e n o t y p e . T h e m e a s u r e d f i t n e s s [ 2 ] o f the b r o w n - e y e d g e n o t y p e 

wi l l c o n t r i b u t e t o the f i t n e s s [ 3 ] o f a n i n d i v i d u a l w h o h a p p e n s t o h a v e b r o w n 

eyes , b u t so w i l l the f i t ne s s [2 ] o f his g e n o t y p e a t a l l o t h e r l oc i . T h u s the 

f i tness [2] of a g e n o t y p e a t a l ocus c a n be r e g a r d e d as an a v e r a g e of the 

f i t n e s s [ 3 ] s o f a l l i n d i v i d u a l s possessing tha t g e n o t y p e . A n d the fitness[3] o f a n 

i n d i v i d u a l c a n be r e g a r d e d a s i n f luenced by the f i t ne s s [2 ] o f his g e n o t y p e , 

a v e r a g e d o v e r a l l his loc i ( F a l c o n e r 1960) . 

I t is easy to m e a s u r e the f i tness[2] of a g e n o t y p e at a l ocus , b e c a u s e e a c h 

g e n o t y p e , AA, Aa, e tc . , o c c u r s a c o u n t a b l e n u m b e r of t imes in succes s ive 

gene ra t i ons in a p o p u l a t i o n . B u t the s a m e i s no t t rue of the fitness[3] of an 

o r g a n i s m . Y o u c a n ' t c o u n t the n u m b e r o f t imes a n o r g a n i s m o c c u r s i n 

success ive g e n e r a t i o n s , b e c a u s e h e o n l y o c c u r s o n c e , e v e r . T h e f i t n e s s [ 3 ] o f 

an o r g a n i s m is often m e a s u r e d as the n u m b e r of his of fspr ing r e a r e d to 

a d u l t h o o d , b u t there i s s o m e d i s p u t e o v e r the usefulness o f this . O n e p r o b l e m 

i s raised b y W i l l i a m s (1966) c r i t i c i z i n g M e d a w a r (1960) w h o h a d s a i d : ' T h e 

g e n e t i c a l u sage o f " f i t ne s s " i s a n e x t r e m e a t t e n u a t i o n o f the o r d i n a r y u s a g e : 

i t is, in effect, a sys t em of p r i c i n g the e n d o w m e n t s of o r g a n i s m s in the 

c u r r e n c y of offspring, i .e . , in te rms of ne t r e p r o d u c t i v e p e r f o r m a n c e . I t i s a 

gene t i c v a l u a t i o n o f g o o d s , no t a s t a t e m e n t a b o u t the i r n a t u r e o r q u a l i t y . ' 

W i l l i a m s is w o r r i e d tha t this is a r e t r o s p e c t i v e de f in i t ion , s u i t a b l e for 

p a r t i c u l a r i n d i v i d u a l s w h o h a v e ex i s t ed . I t sugges ts a p o s t h u m o u s e v a l u a t i o n 

o f p a r t i c u l a r a n i m a l s a s ances to rs , no t a w a y o f e v a l u a t i n g the q u a l i t i e s tha t 

c a n b e e x p e c t e d t o m a k e for success i n g e n e r a l . ' M y m a i n c r i t i c i sm o f 

M e d a w a r ' s s t a t e m e n t i s tha t i t focuses a t t e n t i o n on the r a t h e r t r i v i a l p r o b l e m 

o f the d e g r e e t o w h i c h a n o r g a n i s m a c t u a l l y a c h i e v e s r e p r o d u c t i v e s u r v i v a l . 

T h e cen t r a l b i o l o g i c a l p r o b l e m i s no t s u r v i v a l a s s u c h , b u t d e s i g n for 

s u r v i v a l ' ( W i l l i a m s 1966 , p . 1 5 8 ) . W i l l i a m s is, in a sense, h a n k e r i n g af ter the 

p r e - t a u t o l o g i c a l v i r tues o f f i tness [1] , a n d the re i s m u c h to be sa id in his 

f avour . B u t the fact i s tha t f i tness [3] has b e c o m e w i d e l y used by b io log i s t s in 
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t he sense d e s c r i b e d b y M e d a w a r . M e d a w a r ' s pas sage w a s addressed t o 

l a y m e n a n d w a s su re ly a n a t t e m p t t o e n a b l e t h e m t o fo l low s t anda rd 

b i o l o g i c a l t e r m i n o l o g y w h i l e a v o i d i n g the o t h e r w i s e i n e v i t a b l e confusion 

w i t h c o m m o n - u s a g e ' a t h l e t i c ' fitness. 

T h e c o n c e p t o f fitness has the p o w e r t o confuse e v e n d i s t ingu i shed 

b io log i s t s . C o n s i d e r the f o l l o w i n g m i s u n d e r s t a n d i n g o f W a d d i n g t o n ( 1 9 5 7 ) 

b y E m e r s o n ( 1 9 6 0 ) . W a d d i n g t o n h a d used the w o r d ' s u r v i v a l ' i n the sense o f 

r e p r o d u c t i v e s u r v i v a l o r f i tness [3 ] : ' . . . s u r v i v a l does not , o f cour se , m e a n the 

b o d i l y e n d u r a n c e o f a s ing le i n d i v i d u a l . . . tha t i n d i v i d u a l " s u r v i v e s " best 

w h i c h l e a v e s mos t o f f spr ing ' . E m e r s o n q u o t e s this, then goes o n : ' C r i t i c a l 

d a t a on this c o n t e n t i o n a re diff icul t to f ind, a n d i t i s l ike ly tha t m u c h n e w 

i n v e s t i g a t i o n i s n e e d e d before the p o i n t i s e i the r ver i f ied or re fu ted . ' F o r 

o n c e , the r i t ua l l i p - se rv i ce to the n e e d for m o r e r e sea rch i s u t te r ly 

i n a p p r o p r i a t e . W h e n w e a re t a l k i n g a b o u t ma t t e r s o f de f in i t ion , e m p i r i c a l 

r e s e a r c h c a n n o t h e l p us. W a d d i n g t o n w a s c l e a r l y defining s u r v i v a l in a spec ia l 

sense ( the sense of f i tness[3] ) , no t m a k i n g a p ropos i t i on of fact sub jec t to 

e m p i r i c a l v e r i f i c a t i o n o r fa ls i f ica t ion. Y e t E m e r s o n a p p a r e n t l y t h o u g h t 

W a d d i n g t o n w a s m a k i n g the p r o v o c a t i v e s t a t e m e n t tha t those i n d i v i d u a l s 

w i t h the h ighes t c a p a c i t y to s u r v i v e t end also to be the i n d i v i d u a l s w i th the 

la rges t n u m b e r o f of fspr ing . H i s fa i lu re t o g r a s p the t e c h n i c a l c o n c e p t o f 

f i tness[3] , i s i n d i c a t e d by a n o t h e r q u o t a t i o n from the s a m e p a p e r : ' I t w o u l d 

b e e x t r e m e l y di f f icul t t o e x p l a i n the e v o l u t i o n o f the u te rus a n d m a m m a r y 

g l a n d s i n m a m m a l s . . . a s the resul t o f n a t u r a l se lec t ion o f the f i t t e s t 

i n d i v i d u a l . ' I n a c c o r d a n c e w i t h the inf luent ia l C h i c a g o - b a s e d schoo l o f 

t h o u g h t of w h i c h he w a s a l e a d e r ( A l l e e , E m e r s o n e l al. 1949 ) , E m e r s o n used 

this a s a n a r g u m e n t i n f a v o u r o f g r o u p se l ec t ion . M a m m a r y g l a n d s a n d 

u teruses w e r e , for h i m , a d a p t a t i o n s for the c o n t i n u a t i o n o f the spec ies . 

W o r k e r s w h o c o r r e c t l y use the c o n c e p t o f f i t n e s s [ 3 ] a d m i t tha t i t c a n b e 

m e a s u r e d o n l y as a c r u d e a p p r o x i m a t i o n . I f i t i s m e a s u r e d as the n u m b e r of 

c h i l d r e n b o r n i t n e g l e c t s j u v e n i l e m o r t a l i t y a n d fails to a c c o u n t for p a r e n t a l 

c a r e . I f i t i s m e a s u r e d as n u m b e r o f offspring r e a c h i n g r e p r o d u c t i v e a g e i t 

n e g l e c t s v a r i a t i o n in r e p r o d u c t i v e success of the g r o w n offspr ing. I f i t i s 

m e a s u r e d as n u m b e r of g r a n d c h i l d r e n i t neg lec t s . . . a n d so on ad infinitum. 

I d e a l l y w e m i g h t c o u n t the r e l a t i v e n u m b e r o f d e s c e n d a n t s a l i v e after some 

v e r y l a r g e n u m b e r o f g e n e r a t i o n s . B u t such a n ' i d e a l ' m e a s u r e has the 

c u r i o u s p r o p e r t y tha t , i f c a r r i e d to its l o g i c a l c o n c l u s i o n , i t c a n t ake o n l y t w o 

v a l u e s ; i t i s an a l l - o r - n o n e m e a s u r e . I f we look far e n o u g h in to the future, 

e i the r I sha l l h a v e no d e s c e n d a n t s a t a l l , o r a l l persons a l i v e wi l l be my 

d e s c e n d a n t s (F i she r 1 9 3 0 a ) . I f I am d e s c e n d e d from a p a r t i c u l a r i n d i v i d u a l 

m a l e w h o l i v e d a m i l l i o n y e a r s a g o , i t i s v i r t u a l l y c e r t a i n tha t y o u are 

d e s c e n d e d f rom h i m too . T h e f i t n e s s o f a n y p a r t i c u l a r l o n g - d e a d i n d i v i d u a l , 

as m e a s u r e d in p r e s e n t - d a y d e s c e n d a n t s , i s e i the r z e r o or to ta l . W i l l i a m s 

w o u l d p r e s u m a b l y say tha t i f this is a p r o b l e m i t is so o n l y for p e o p l e tha t 
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wish to m e a s u r e the actual r e p r o d u c t i v e success of p a r t i c u l a r i n d i v i d u a l s . If, 

on the o the r h a n d , we a re in te res ted i n q u a l i t i e s t h a t t end , on a v e r a g e , t o 

m a k e i n d i v i d u a l s likely to e n d up in the set o f ances to r s , the p r o b l e m does no t 

arise. In a n y case a m o r e b i o l o g i c a l l y in te res t ing s h o r t c o m i n g o f the c o n c e p t 

o f f i t n e s s [ 3 ] has led t o the d e v e l o p m e n t o f t w o n e w e r u sages o f the t e c h n i c a l 

t e rm f i tness . 

Fit the F o u r t h 

H a m i l t o n (1964a,b), i n a p a i r o f p a p e r s w h i c h w e c a n n o w see t o h a v e 

m a r k e d a t u r n i n g po in t i n the h i s to ry o f e v o l u t i o n a r y t h e o r y , m a d e us a w a r e 

o f an i m p o r t a n t d e f i c i e n c y in c lass ica l f i t ne s s [3 ] , the m e a s u r e b a s e d on the 

r e p r o d u c t i v e success o f a n o r g a n i s m . T h e r eason r e p r o d u c t i v e success 

mat te rs , as o p p o s e d to m e r e i n d i v i d u a l s u r v i v a l , i s t ha t r e p r o d u c t i v e success 

i s a m e a s u r e o f success in pas s ing on genes . T h e o r g a n i s m s we see a r o u n d us 

are d e s c e n d e d from ances to rs , a n d t hey h a v e i n h e r i t e d s o m e o f the a t t r i bu t e s 

tha t m a d e those i n d i v i d u a l s ances to rs a s o p p o s e d t o n o n - a n c e s t o r s . I f an 

o r g a n i s m exists i t c o n t a i n s the g e n e s o f a l o n g l ine o f successful ances to r s . T h e 

f i tness[3] of an o r g a n i s m is its success as an ances to r , o r , a c c o r d i n g to taste , 

its c a p a c i t y for success a s an ances to r . B u t H a m i l t o n g r a s p e d the c e n t r a l 

i m p o r t a n c e o f w h a t , p r e v i o u s l y , h a d b e e n o n l y g l a n c i n g l y re fe r red t o i n s t ray 

sentences o f F i she r (1930a ) a n d H a l d a n e ( 1 9 5 5 ) . T h i s i s t ha t n a t u r a l 

se lec t ion wi l l f a v o u r o r g a n s a n d b e h a v i o u r tha t c a u s e the i n d i v i d u a l ' s g e n e s 

t o be passed o n , w h e t h e r o r no t the i n d i v i d u a l is, h imself , an a n c e s t o r . An 

i n d i v i d u a l tha t assists his b r o t h e r to be an a n c e s t o r m a y t h e r e b y ensu re the 

su rv iva l i n the g e n e - p o o l o f the g e n e s ' for ' b r o t h e r l y ass i s tance . H a m i l t o n s a w 

that p a r e n t a l c a r e i s r e a l l y o n l y a spec i a l case of c a r i n g for c lose r e l a t i v e s w i t h 

a h igh p r o b a b i l i t y o f c o n t a i n i n g the g e n e s for c a r i n g . C l a s s i c a l f i tness [3] , 

r e p r o d u c t i v e success , w a s too n a r r o w . I t h a d to be b r o a d e n e d to inclusive 

f i t n e s s , w h i c h w i l l he re b e c a l l e d f i t n e s s [ 4 ] . 

I t i s s o m e t i m e s supposed tha t the i n c l u s i v e fitness of an i n d i v i d u a l i s his 

o w n f i t n e s s [ 3 ] p lus h a l f the f i t n e s s e s [ 3 ] o f e a c h b r o t h e r p lus o n e - e i g h t h o f the 

f i tness[3] of e a c h cous in , e t c . ( e .g . B y g o t t e t al. 1 9 7 9 ) . B a r a s h (1980) 

exp l i c i t l y defines i t a s ' t he s u m of i n d i v i d u a l f i tness ( r e p r o d u c t i v e success) 

a n d the r e p r o d u c t i v e success o f a n i n d i v i d u a l ' s r e l a t i v e s , w i t h e a c h r e l a t i v e 

d e v a l u e d in p r o p o r t i o n as i t i s m o r e d i s t an t ly r e l a t e d ' . T h i s w o u l d no t be a 

sensible m e a s u r e to try to use, a n d , as W e s t - E b e r h a r d ( 1 9 7 5 ) e m p h a s i z e s , i t 

i s not the m e a s u r e H a m i l t o n offered us. T h e r ea son i t w o u l d no t be sens ib le 

c a n b e s ta ted i n v a r i o u s w a y s . O n e w a y o f p u t t i n g i t i s t ha t i t a l l o w s c h i l d r e n 

t o b e c o u n t e d m a n y t imes , a s t h o u g h they h a d m a n y ex i s t ences ( G r a f e n 

1 9 7 9 ) . T h e n a g a i n , i f a ch i l d i s b o r n to o n e of a set o f b ro the r s , the i n c l u s i v e 

f i t ne s s o f a l l the o the r b ro the r s w o u l d , a c c o r d i n g t o this v i e w , i m m e d i a t e l y 

rise an e q u a l n o t c h , r ega rd less w h e t h e r a n y of t h e m lif ted a f inge r to feed the 
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in fant . I n d e e d the i n c l u s i v e f i t n e s s o f a n o t h e r b r o t h e r y e t u n b o r n w o u l d 

t h e o r e t i c a l l y be i n c r e a s e d by the b i r th o f his e lde r n e p h e w . F u r t h e r , this la ter 

b r o t h e r c o u l d be a b o r t e d sho r t ly after c o n c e p t i o n a n d sti l l , a c c o r d i n g to this 

e r r o n e o u s v i e w , en joy a mass ive ' i nc lu s ive f i tness ' t h r o u g h the d e s c e n d a n t s o f 

his e lde r b r o t h e r s . To p u s h to the reductio ad absurdum, he n e e d n ' t e v e n b o t h e r 

to be c o n c e i v e d , y e t still h a v e a h i g h ' i nc lu s ive f i tness ' ! 

H a m i l t o n c l e a r l y s a w this f a l l a c y , a n d therefore his c o n c e p t o f inc lus ive 

f i t nes s w a s m o r e sub t l e . T h e i n c l u s i v e f i t nes s o f an o r g a n i s m i s no t a p r o p e r t y 

of himself , b u t a p r o p e r t y of his a c t i ons or effects. I n c l u s i v e f i tness i s 

c a l c u l a t e d f rom an i n d i v i d u a l ' s o w n r e p r o d u c t i v e success p lus his effects on 

the r e p r o d u c t i v e success o f his r e l a t ives , e a c h o n e w e i g h e d b y the 

a p p r o p r i a t e coef f ic ien t o f r e l a t edness . T h e r e f o r e , for i n s t ance , i f m y b ro the r 

e m i g r a t e s to A u s t r a l i a , so I c a n h a v e no effect, o n e w a y or the o ther , on his 

r e p r o d u c t i v e success , my i n c l u s i v e fitness does no t go up e a c h t ime he has a 

c h i l d ! 

N o w 'effects ' o f p u t a t i v e causes c a n o n l y b e m e a s u r e d b y c o m p a r i s o n w i t h 

o t h e r p u t a t i v e causes , o r b y c o m p a r i s o n w i t h the i r a b s e n c e . W e c a n n o t , then , 

th ink of the effects o f i n d i v i d u a l A on the s u r v i v a l a n d r e p r o d u c t i o n of his 

r e l a t i ves i n a n y a b s o l u t e sense. W e c o u l d c o m p a r e the effects o f his c h o o s i n g 

t o p e r f o r m a c t X r a t h e r t h a n a c t Y . O r w e c o u l d t ake the effects o f his 

l i fe t ime ' s set o f d e e d s a n d c o m p a r e t h e m w i t h a h y p o t h e t i c a l l i fe t ime o f to ta l 

i n a c t i o n — a s t h o u g h he h a d n e v e r b e e n c o n c e i v e d . I t i s this l a t t e r u sage tha t 

i s n o r m a l l y m e a n t b y the i n c l u s i v e f i t n e s s o f a n i n d i v i d u a l o r g a n i s m . 

T h e p o i n t i s t ha t i n c l u s i v e f i t nes s i s no t an a b s o l u t e p r o p e r t y o f an 

o r g a n i s m in the s a m e w a y a s c lass ica l f i t ne s s [3 ] c o u l d i n t heo ry be , i f 

m e a s u r e d in c e r t a i n w a y s . I n c l u s i v e fitness is a p r o p e r t y of a t r ip le cons is t ing 

o f a n o r g a n i s m o f in teres t , a n a c t o r set o f ac t s o f in teres t , a n d a n a l t e r n a t i v e 

set o f ac t s for c o m p a r i s o n . We asp i re t o m e a s u r e , t hen , no t the abso lu te 

i n c l u s i v e f i tness o f the o r g a n i s m I , b u t the effect on I ' s i n c l u s i v e f i tness o f his 

d o i n g a c t X in c o m p a r i s o n w i t h his d o i n g a c t Y. I f ' a c t ' X i s t aken to be I 's 

en t i r e life s tory , Y m a y be t a k e n as e q u i v a l e n t to a h y p o t h e t i c a l w o r l d in 

w h i c h I d id no t ex is t . An o r g a n i s m ' s i n c l u s i v e f i tness , then , i s def ined so tha t 

i t i s no t af fec ted by the r e p r o d u c t i v e success o f re la t ives on a n o t h e r con t i nen t 

w h o m h e n e v e r m e e t s a n d w h o m h e has n o w a y o f a f fec t ing . 

T h e m i s t a k e n v i e w tha t the i n c l u s i v e f i t nes s o f an o r g a n i s m i s a w e i g h t e d 

s u m o f the r e p r o d u c t i v e successes o f a l l its r e l a t i ve s e v e r y w h e r e , w h o h a v e 

e v e r l i v e d , a n d w h o w i l l e v e r l i ve , i s e x t r e m e l y c o m m o n . A l t h o u g h H a m i l t o n 

i s no t r e spons ib l e for the errors o f his fo l lowers , this m a y be o n e reason w h y 

m a n y p e o p l e h a v e s o m u c h d i f f icu l ty d e a l i n g w i t h the c o n c e p t o f inc lus ive 

f i tness , a n d i t m a y p r o v i d e a r eason for a b a n d o n i n g the c o n c e p t a t s o m e t ime 

in the fu ture . T h e r e i s y e t a f i f th m e a n i n g o f f i tness , w h i c h w a s des igned to 

a v o i d this p a r t i c u l a r d i f f icu l ty o f i nc lus ive f i t ne s s , b u t w h i c h has difficult ies o f 

its o w n . 
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Fit the Fi f th 

Fi tness[5] i s ' pe r sona l fitness' in the sense o f O r l o v e ( 1 9 7 5 , 1 9 7 9 ) . I t c a n be 

t h o u g h t o f a s a k ind o f b a c k w a r d s w a y o f l o o k i n g a t i n c l u s i v e fitness. W h e r e 

inc lus ive f i tness [4] focuses on the effects the i n d i v i d u a l o f in teres t has on the 

fitness[3] of his r e l a t ives , pe r sona l f i tness[5] focuses on the effects t ha t the 

i n d i v i d u a l ' s r e la t ives h a v e o n his f i t n e s s [ 3 ] . T h e f i tness[3] o f a n i n d i v i d u a l i s 

some m e a s u r e o f the n u m b e r o f his offspr ing o r d e s c e n d a n t s . B u t H a m i l t o n ' s 

logic has s h o w n u s tha t w e m a y e x p e c t a n i n d i v i d u a l t o end u p w i t h m o r e 

offspring then he c o u l d rear himself , b e c a u s e his r e l a t i ves c o n t r i b u t e t o w a r d s 

r ea r ing s o m e o f his offspr ing. A n a n i m a l ' s f i tness[5] m a y b e br ie f ly 

c h a r a c t e r i z e d as ' the s a m e as his f i tness[3] b u t d o n ' t fo rge t t h a t this m u s t 

i n c l u d e the e x t r a offspring he gets as a resul t of h e l p f rom his r e l a t i v e s ' 

T h e a d v a n t a g e , i n p r a c t i c e , o f u s ing p e r s o n a l f i t ne s s [5 ] o v e r i n c l u s i v e 

fitness[4] i s tha t we end up s i m p l y c o u n t i n g offspr ing, a n d the re i s no risk of a 

g i v e n ch i l d ' s b e i n g m i s t a k e n l y c o u n t e d m a n y t imes o v e r . A g i v e n c h i l d i s a 

par t o f the f i tness [5 ] o f his pa ren t s o n l y . He p o t e n t i a l l y c o r r e s p o n d s to a t e r m 

in the inc lus ive fitness[4] o f an indef in i te n u m b e r o f u n c l e s , a u n t s , cous ins , 

etc . , l e a d i n g to a d a n g e r o f his b e i n g c o u n t e d s e v e r a l t imes ( G r a f e n 1 9 7 9 ; 

H i n e s & M a y n a r d S m i t h 1 9 7 9 ) . 

I nc lu s ive f i t n e s s [ 4 ] w h e n p r o p e r l y used , a n d p e r s o n a l f i t n e s s [ 5 ] , g i v e 

e q u i v a l e n t results . B o t h a re m a j o r t h e o r e t i c a l a c h i e v e m e n t s a n d the i n v e n t o r 

o f e i ther o f t h e m w o u l d d e s e r v e l a s t ing h o n o u r . I t i s e n t i r e l y c h a r a c t e r i s t i c 

that H a m i l t o n h i m s e l f q u i e t l y i n v e n t e d b o t h i n the s a m e p a p e r , s w i t c h i n g 

from o n e to a n o t h e r w i t h a swiftness tha t b e w i l d e r e d a t leas t o n e l a t e r a u t h o r 

(Cass idy 1978 , p . 5 8 1 ) . H a m i l t o n ' s ( 1 9 6 4 a ) n a m e for f i t n e s s [ 5 ] w a s 

' n e i g h b o u r - m o d u l a t e d f i t n e s s ' . H e c o n s i d e r e d tha t its use , t h o u g h c o r r e c t , 

w o u l d be u n w i e l d y , a n d for this reason he i n t r o d u c e d i n c l u s i v e f i tness[4] as a 

m o r e m a n a g e a b l e a l t e r n a t i v e a p p r o a c h . M a y n a r d S m i t h (in press) ag ree s 

tha t i nc lus ive f i tness[4] i s of ten eas ier to use t h a n n e i g h b o u r - m o d u l a t e d 

f i tness [5 ] , a n d he i l lus t ra tes the p o i n t by w o r k i n g t h r o u g h a p a r t i c u l a r 

h y p o t h e t i c a l e x a m p l e us ing b o t h m e t h o d s i n tu rn . 

N o t i c e tha t b o t h these f i tnesses , l ike ' c l a s s i c a l ' f i tness [3] , a r e f i rmly t ied to 

the idea o f the i n d i v i d u a l o r g a n i s m as ' m a x i m i z i n g a g e n t ' . I t i s o n l y p a r t l y 

face t ious ly tha t I h a v e c h a r a c t e r i z e d i n c l u s i v e f i tness a s ' t h a t p r o p e r t y o f an 

i n d i v i d u a l o r g a n i s m w h i c h wi l l a p p e a r t o b e m a x i m i z e d w h e n w h a t i s r e a l l y 

b e i n g m a x i m i z e d i s g e n e s u r v i v a l ' ( D a w k i n s 1 9 7 8 a ) . ( O n e m i g h t g e n e r a l i z e 

this p r i nc ip l e to o t h e r ' v e h i c l e s ' . A g r o u p se lec t ion is t m i g h t de f ine his o w n 

vers ion of i nc lus ive f i tness as ' t ha t p r o p e r t y of a group w h i c h w i l l a p p e a r to be 

m a x i m i z e d w h e n w h a t i s r e a l l y b e i n g m a x i m i z e d i s g e n e s u r v i v a l ' ! ) 

H i s t o r i c a l l y , i n d e e d , I see the c o n c e p t of i n c l u s i v e f i tness as the i n s t r u m e n t 

o f a b r i l l i an t l a s t -d i t ch r e scue a t t e m p t , an a t t e m p t to s ave the i n d i v i d u a l 

o r g a n i s m a s the l e v e l a t w h i c h w e th ink a b o u t n a t u r a l s e l e c t i o n . T h e 

u n d e r l y i n g spiri t o f H a m i l t o n ' s (1964) p a p e r s on i n c l u s i v e fitness i s g e n e 
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se lec t ion is t . T h e b r i e f no t e o f 1963 w h i c h p r e c e d e d t h e m i s e x p l i c i t l y s o : 

' D e s p i t e the p r i n c i p l e o f " s u r v i v a l o f the f i t tes t" the u l t i m a t e c r i t e r ion that 

d e t e r m i n e s w h e t h e r G w i l l s p r e a d is no t w h e t h e r the b e h a v i o r is to the 

benef i t of the b e h a v e r b u t w h e t h e r i t is to the benef i t of the g e n e G . . . ' 

T o g e t h e r w i t h W i l l i a m s ( 1 9 6 6 ) , H a m i l t o n c o u l d fa i r ly b e r e g a r d e d a s o n e o f 

the fa thers o f g e n e se l ec t ion i sm i n m o d e r n b e h a v i o u r a l a n d e c o l o g i c a l 

s t ud i e s : 

A g e n e i s b e i n g f a v o r e d in n a t u r a l se l ec t ion i f the a g g r e g a t e of its 

r ep l i c a s forms a n i n c r e a s i n g f rac t ion o f the to ta l g e n e p o o l . W e are 

g o i n g to be c o n c e r n e d w i t h g e n e s supposed to affect the soc ia l 

b e h a v i o r o f the i r bea re r s , so let us try to m a k e the a r g u m e n t m o r e 

v i v i d by a t t r i b u t i n g to the g e n e s , t e m p o r a r i l y , i n t e l l i g e n c e a n d a 

c e r t a i n f r e e d o m of c h o i c e . I m a g i n e tha t a g e n e i s c o n s i d e r i n g the 

p r o b l e m o f i n c r e a s i n g the n u m b e r o f its r ep l i c a s a n d i m a g i n e that i t 

c a n c h o o s e b e t w e e n c a u s i n g p u r e l y sel f - interes ted b e h a v i o r b y its 

b e a r e r A ( l e a d i n g to m o r e r e p r o d u c t i o n by A) a n d c a u s i n g 

' d i s in t e re s t ed ' b e h a v i o r tha t benef i ts in s o m e w a y a r e l a t i ve , B 

[ H a m i l t o n 1 9 7 2 ] . 

H a v i n g m a d e use o f his i n t e l l i gen t g e n e m o d e l , H a m i l t o n la te r exp l i c i t l y 

a b a n d o n s i t in f a v o u r of the i nc lus ive f i tness effect of an individual on the 

p r o p a g a t i o n o f c o p i e s o f his g e n e s . I t i s pa r t o f the thesis o f this b o o k tha t he 

m i g h t h a v e d o n e be t t e r t o h a v e s tuck b y his ' i n t e l l i gen t g e n e ' m o d e l . I f 

i n d i v i d u a l o r g a n i s m s c a n be a s s u m e d to w o r k for the a g g r e g a t e benefi t o f all 

the i r g e n e s , i t d o e s n ' t m a t t e r w h e t h e r we th ink in te rms o f genes w o r k i n g to 

ensu re the i r s u r v i v a l , o r o f i n d i v i d u a l s w o r k i n g t o m a x i m i z e thei r inc lus ive 

f i tness . I suspec t t ha t H a m i l t o n felt m o r e c o m f o r t a b l e w i t h the i n d i v i d u a l as 

the a g e n t o f b i o l o g i c a l s t r i v ing , o r p e r h a p s he su rmised tha t most o f his 

c o l l e a g u e s w e r e no t y e t r e a d y t o a b a n d o n the i n d i v i d u a l a s a g e n t . B u t , o f all 

the b r i l l i an t t h e o r e t i c a l a c h i e v e m e n t s o f H a m i l t o n a n d his fo l lowers , w h i c h 

h a v e b e e n exp re s sed in t e rms of i nc lus ive f i tness[4] (or pe r sona l f i tness[5] ) , I 

c a n n o t th ink o f a n y tha t c o u l d no t h a v e b e e n m o r e s i m p l y d e r i v e d i n terms 

o f H a m i l t o n ' s ' i n t e l l i g e n t g e n e ' , m a n i p u l a t i n g bod ies for its o w n ends 

( C h a r n o v 1 9 7 7 ) . 

I n d i v i d u a l - l e v e l t h i n k i n g i s supe r f i c i a l ly a t t r a c t i v e b e c a u s e i n d i v i d u a l s , 

u n l i k e g e n e s , h a v e n e r v o u s sys tems a n d l imbs w h i c h r e n d e r t h e m c a p a b l e o f 

w o r k i n g in o b v i o u s w a y s to m a x i m i z e s o m e t h i n g . I t i s therefore n a t u r a l to 

ask w h a t q u a n t i t y , i n t h e o r y , t h e y m i g h t b e e x p e c t e d t o m a x i m i z e , a n d 

i n c l u s i v e f i tness is the a n s w e r . B u t w h a t m a k e s this so d a n g e r o u s is tha t it, 

t oo , i s r e a l l y a m e t a p h o r . I n d i v i d u a l s do not c o n s c i o u s l y s t r ive to m a x i m i z e 

a n y t h i n g ; t h e y b e h a v e as i f m a x i m i z i n g s o m e t h i n g . I t i s e x a c t l y the s a m e 'as 

i f l o g i c t ha t w e a p p l y t o ' i n t e l l i gen t g e n e s ' . G e n e s m a n i p u l a t e the w o r l d a s i f 
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s t r iv ing t o m a x i m i z e the i r o w n s u r v i v a l . T h e y d o no t r e a l l y ' s t r i ve ' , b u t m y 

po in t i s tha t in this respec t they do no t differ f rom i n d i v i d u a l s . N e i t h e r 

i nd iv idua l s n o r genes r ea l l y s t r ive t o m a x i m i z e a n y t h i n g . O r , r a the r , 

i nd iv idua l s m a y s t r ive for s o m e t h i n g , b u t i t w i l l be a m o r s e l o f food , an 

a t t r ac t i ve f e m a l e , o r a d e s i r a b l e te r r i to ry , no t i n c l u s i v e f i t ne s s . To the e x t e n t 

tha t i t i s useful for us to th ink of i n d i v i d u a l s w o r k i n g as i f to m a x i m i z e fitness, 

w e m a y , w i t h p rec i se ly the s a m e l i c e n c e , th ink o f g e n e s a s i f t h e y w e r e 

s t r iv ing t o m a x i m i z e the i r s u r v i v a l . T h e d i f fe rence i s t ha t the q u a n t i t y the 

genes m a y be t h o u g h t o f a s m a x i m i z i n g ( s u r v i v a l o f r ep l i cas ) i s a g r e a t d e a l 

s imple r a n d eas ier t o d e a l w i t h i n m o d e l s t h a n the q u a n t i t y i n d i v i d u a l s m a y 

be t h o u g h t o f a s m a x i m i z i n g (fitness). I r e p e a t t ha t i f we t h i n k a b o u t 

i n d i v i d u a l a n i m a l s m a x i m i z i n g s o m e t h i n g , the re i s a se r ious d a n g e r o f o u r 

confus ing ou r se lves , s ince w e m a y forge t w h e t h e r w e a r e u s i n g 'as i f 

l a n g u a g e o r w h e t h e r w e a re t a l k i n g a b o u t the a n i m a l s c o n s c i o u s l y s t r i v i n g 

for s o m e g o a l . S i n c e n o sane b io log i s t c o u l d i m a g i n e D N A m o l e c u l e s 

consc ious ly s t r i v ing for a n y t h i n g , the d a n g e r o f this con fus ion o u g h t no t t o 

exist w h e n w e ta lk o f genes a s m a x i m i z i n g a g e n t s . 

I t i s my b e l i e f tha t t h i n k i n g in te rms o f i n d i v i d u a l s s t r i v i n g to m a x i m i z e 

s o m e t h i n g has led to o u t r i g h t e r ror , in a w a y tha t t h i n k i n g in t e rms of g e n e s 

s t r iv ing t o m a x i m i z e s o m e t h i n g w o u l d no t . By o u t r i g h t e r ror , I m e a n 

conc lus ions tha t the i r p e r p e t r a t o r s w o u l d a d m i t a r e w r o n g after fur ther 

ref lect ion. I h a v e d o c u m e n t e d these errors in the sec t ion l a b e l l e d ' C o n f u s i o n ' 

o f D a w k i n s ( 1 9 7 8 a ) , a n d i n D a w k i n s ( 1 9 7 9 a , e s p e c i a l l y M i s u n d e r s t a n d i n g s 5 , 

6 , 7 a n d 1 1 ) . T h e s e p a p e r s g i v e d e t a i l e d e x a m p l e s , f rom the p u b l i s h e d 

l i t e ra ture , o f er rors w h i c h , I b e l i e v e , resul t f rom ' i n d i v i d u a l - l e v e l ' t h i n k i n g . 

T h e r e i s no need to h a r p on t h e m a g a i n he re , a n d I w i l l j u s t g i v e o n e 

e x a m p l e o f the k ind o f t h i n g I m e a n , w i t h o u t m e n t i o n i n g n a m e s , u n d e r the 

title o f the ' A c e o f S p a d e s F a l l a c y ' . 

T h e coeff ic ient o f r e l a t i onsh ip b e t w e e n t w o r e l a t i v e s , say g r a n d f a t h e r a n d 

g r a n d s o n , c a n be t a k e n to be e q u i v a l e n t to t w o d i s t inc t q u a n t i t i e s . I t i s of ten 

expressed as the m e a n fraction of a g r a n d f a t h e r ' s g e n o m e tha t is e x p e c t e d to 

be i den t i c a l by de scen t w i t h t ha t of the g r a n d s o n . I t i s a lso the probability t ha t 

a n a m e d g e n e of the g r a n d f a t h e r w i l l be i d e n t i c a l by d e s c e n t w i t h a g e n e in 

the g r a n d s o n . S i n c e the t w o a r e n u m e r i c a l l y the s a m e , i t m i g h t s e e m not t o 

m a t t e r w h i c h we th ink in t e rms of. E v e n t h o u g h the p r o b a b i l i t y m e a s u r e i s 

l og i ca l l y m o r e a p p r o p r i a t e , i t m i g h t seem tha t e i t he r m e a s u r e c o u l d be used 

for t h i n k i n g a b o u t h o w m u c h ' a l t r u i s m ' a g r a n d f a t h e r ' o u g h t ' t o d i spense to 

his g r a n d s o n . I t does m a t t e r , h o w e v e r , w h e n w e s tar t t h i n k i n g a b o u t the 

v a r i a n c e as w e l l as the m e a n . 

S e v e r a l p e o p l e h a v e p o i n t e d o u t tha t the f rac t ion o f g e n o m e o v e r l a p 

b e t w e e n pa ren t a n d c h i l d i s e x a c t l y e q u a l t o the coef f ic ien t o f r e l a t i o n s h i p , 

w h e r e a s for a l l o the r r e l a t i ves the coeff ic ient o f r e l a t i o n s h i p g i v e s o n l y the 

m e a n f igu re ; the a c t u a l f rac t ion sha red m i g h t be m o r e a n d i t m i g h t be less. 
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I t has b e e n sa id , the re fore , t ha t the coeff ic ient of r e l a t ionsh ip i s ' e x a c t ' for 

the p a r e n t / c h i l d r e l a t i o n s h i p , b u t ' p r o b a b i l i s t i c ' for a l l o thers . B u t this 

u n i q u e n e s s o f t he p a r e n t / c h i l d r e l a t i onsh ip a p p l i e s o n l y i f we th ink i n terms 

of fractions of g e n o m e s s h a r e d . If, i ns tead , we th ink in te rms of probabilities of 

s h a r i n g p a r t i c u l a r g e n e s , the p a r e n t / c h i l d r e l a t i onsh ip i s j u s t a s ' p r o b 

ab i l i s t i c ' a s a n y o t h e r . 

T h i s sti l l m i g h t be t h o u g h t no t to m a t t e r , a n d i n d e e d i t does no t m a t t e r 

unt i l w e a re t e m p t e d t o d r a w false conc lu s ions . O n e false c o n c l u s i o n tha t has 

b e e n d r a w n in the l i t e r a tu re is tha t a p a r e n t , f aced w i t h a c h o i c e b e t w e e n 

f e e d i n g its o w n ch i ld a n d f e e d i n g a full s i b l i ng e x a c t l y the s a m e a g e as its 

o w n c h i l d ( a n d w i t h e x a c t l y the s a m e m e a n coeff ic ient o f r e l a t ionsh ip ) , 

shou ld f a v o u r its o w n c h i l d p u r e l y on the g r o u n d s tha t its g e n e t i c re la tedness 

is a ' sure t h i n g ' r a t h e r t han a ' g a m b l e ' . B u t it is o n l y the fraction of g e n o m e 

sha red tha t is a sure t h i n g . T h e probability tha t a p a r t i c u l a r g e n e , in this case 

a g e n e for a l t r u i s m , is i d e n t i c a l by d e s c e n t w i t h o n e in the offspring is jus t as 

c h a n c y as in the ca se o f the full s ib l ing . 

I t i s n e x t t e m p t i n g to t h ink tha t an a n i m a l m i g h t try to use cues to 

e s t ima te w h e t h e r a p a r t i c u l a r r e l a t i v e h a p p e n s to share m a n y genes w i t h 

i tse l f o r no t . T h e r e a s o n i n g i s c o n v e n i e n t l y expressed in the cu r r en t l y 

f a s h i o n a b l e s ty le o f s u b j e c t i v e m e t a p h o r : ' A l l m y b ro the r s share , o n a v e r a g e , 

h a l f m y g e n o m e , b u t s o m e o f m y b ro the r s share m o r e t han h a l f a n d others 

less t h a n half . I f I c o u l d w o r k o u t w h i c h ones share m o r e t han half, I cou ld 

s h o w f a v o u r i t i s m t o w a r d s t h e m , a n d t h e r e b y benef i t my genes . B r o t h e r A 

r e s e m b l e s m e i n h a i r c o l o u r , e y e c o l o u r a n d s eve ra l o t h e r fea tures , w h e r e a s 

b r o t h e r B h a r d l y r e semb le s me a t a l l . T h e r e f o r e A p r o b a b l y shares m o r e 

g e n e s w i t h m e . T h e r e f o r e I sha l l feed A in p re fe rence to B . ' 

T h a t s o l i l o q u y w a s s u p p o s e d t o b e s p o k e n b y a n i n d i v i d u a l a n i m a l . T h e 

f a l l a c y i s q u i c k l y seen w h e n we c o m p o s e a s imi la r s o l i l o q u y , this t ime to be 

s p o k e n by o n e of H a m i l t o n ' s ' i n t e l l i g e n t ' genes, a g e n e ' for ' f e ed ing b ro the r s : 

' B r o t h e r A has c l e a r l y i n h e r i t e d my g e n e c o l l e a g u e s from the ha i r - co lou r 

d e p a r t m e n t a n d f rom the e y e - c o l o u r d e p a r t m e n t , b u t w h a t d o I c a r e a b o u t 

t h e m ? T h e g r e a t q u e s t i o n is, has A or B inhe r i t ed a c o p y of me? H a i r co lou r 

a n d e y e c o l o u r tel l me n o t h i n g a b o u t tha t unless I h a p p e n to be l inked to 

those o t h e r g e n e s . ' L i n k a g e is, t hen , i m p o r t a n t he re , bu t i t i s j u s t as i m p o r t a n t 

for the ' d e t e r m i n i s t i c ' pa ren t /o f f sp r ing r e l a t i onsh ip as for a n y ' p robab i l i s t i c ' 

r e l a t i o n s h i p . 

T h e f a l l a c y i s c a l l e d the A c e o f S p a d e s F a l l a c y b e c a u s e o f the f o l l o w i n g 

a n a l o g y . S u p p o s e i t i s i m p o r t a n t t o me to k n o w w h e t h e r y o u r h a n d o f 

th i r t een c a r d s c o n t a i n s the a c e o f spades . I f I am g i v e n no in fo rma t ion , I 

k n o w tha t the o d d s a re th i r t een in f i f ty - two , o r o n e in four , tha t y o u h a v e the 

a c e . T h i s i s my f i r s t guess a s t o the p r o b a b i l i t y . I f s o m e b o d y wh i spe r s t o me 

tha t y o u h a v e a v e r y s t r o n g h a n d in spades , I w o u l d be jus t i f ied in rev i s ing 

u p w a r d s m y in i t i a l e s t i m a t e o f the p r o b a b i l i t y tha t y o u h a v e the a c e . I f I a m 



An Agony in Five Fit: 191 

told tha t y o u h a v e the k i n g , q u e e n , j a c k , 10 , 8 , 6 , 5 , 4 , 3 a n d 2 , I w o u l d be 

cor rec t in c o n c l u d i n g tha t y o u h a v e a v e r y s t r o n g h a n d in s p a d e s . B u t , so 

l o n g as the d e a l w a s hones t , I w o u l d be a m u g i f I the re fore p l a c e d a be t on 

y o u r h a v i n g the a c e ! ( A c t u a l l y the a n a l o g y i s a b i t un fa i r h e r e , b e c a u s e the 

odds o f y o u r h a v i n g the a c e a re n o w th ree i n f o r t y - t w o , s u b s t a n t i a l l y l o w e r 

than the p r io r o d d s o f o n e i n four.) I n the b i o l o g i c a l case w e m a y a s s u m e 

that , l i n k a g e as ide , k n o w l e d g e o f a b r o t h e r ' s e y e c o l o u r tells us n o t h i n g , o n e 

w a y o r the o ther , a b o u t w h e t h e r he shares a p a r t i c u l a r g e n e for b r o t h e r l y 

a l t ru i sm. 

T h e r e i s no reason to suppose tha t the theoris ts w h o h a v e p e r p e t r a t e d the 

b i o l o g i c a l vers ions o f the A c e o f S p a d e s F a l l a c y a r e b a d g a m b l e r s . I t w a s n ' t 

their p r o b a b i l i t y t heo ry t hey g o t w r o n g , bu t the i r b i o l o g i c a l a s s u m p t i o n s . I n 

pa r t i cu la r , t hey a s s u m e d tha t an i n d i v i d u a l o r g a n i s m , as a c o h e r e n t en t i ty , 

works on b e h a l f o f cop ie s o f a l l the g e n e s ins ide it. I t w a s a s i f an a n i m a l 

' c a r e d ' a b o u t the s u r v i v a l o f cop ie s o f its e y e - c o l o u r g e n e s , h a i r - c o l o u r g e n e s , 

e tc . I t i s be t t e r to a s sume tha t o n l y g e n e s ' for c a r i n g ' c a r e , a n d t h e y o n l y c a r e 

a b o u t cop ies o f t h e m s e l v e s . 

I mus t stress tha t I am no t s u g g e s t i n g tha t e r rors of this k i n d fo l low 

i n e v i t a b l y from the i n c l u s i v e fitness a p p r o a c h . W h a t I do sugges t i s tha t t hey 

are t raps for the u n w a r y t h i n k e r a b o u t i n d i v i d u a l - l e v e l m a x i m i z a t i o n , w h i l e 

they present no d a n g e r t o the t h inke r a b o u t g e n e - l e v e l m a x i m i z a t i o n , 

h o w e v e r u n w a r y . E v e n H a m i l t o n has m a d e a n er ror , a f t e r w a r d s p o i n t e d o u t 

by himself, w h i c h I a t t r i bu t e to i n d i v i d u a l - l e v e l t h i n k i n g . 

T h e p r o b l e m arises i n H a m i l t o n ' s c a l c u l a t i o n o f coeff ic ients o f r e l a t i o n 

sh ip , r , i n h y m e n o p t e r a n fami l i es . As i s n o w w e l l k n o w n , he m a d e b r i l l i an t 

use of the o d d r v a l u e s r e su l t ing f rom the h a p l o d i p l o i d s e x - d e t e r m i n i n g 

sys tem of H y m e n o p t e r a , n o t a b l y the c u r i o u s fact t ha t r b e t w e e n sisters i s ¾. 

B u t cons ide r the r e l a t i onsh ip b e t w e e n a f e m a l e a n d he r fa ther . O n e h a l f o f 

the f ema le ' s g e n o m e i s i d e n t i c a l by de scen t w i t h tha t o f he r f a t h e r : the 

' o v e r l a p ' o f he r g e n o m e w i t h his i s ½, a n d H a m i l t o n c o r r e c t l y g a v e ½ as the 

coefficient o f r e l a t i onsh ip b e t w e e n a f e m a l e a n d he r fa ther . T h e t r o u b l e 

comes w h e n w e look a t the s a m e r e l a t i o n s h i p the o t h e r w a y r o u n d . W h a t i s 

the coeff icient o f r e l a t i onsh ip b e t w e e n a m a l e a n d his d a u g h t e r ? O n e 

n a t u r a l l y e x p e c t s i t to be r e f l ex ive , ½ a g a i n , b u t t he re is a d i f f icu l ty . S i n c e a 

m a l e i s h a p l o i d , he has h a l f a s m a n y g e n e s as his d a u g h t e r in to ta l . H o w , 

then , c a n w e c a l c u l a t e the ' o v e r l a p ' , the f rac t ion o f g e n e s s h a r e d ? D o w e say 

tha t the m a l e ' s g e n o m e o v e r l a p s w i t h h a l f his d a u g h t e r ' s g e n o m e , a n d 

therefore tha t r i s ½? Or do we say tha t e v e r y s ing le o n e o f the m a l e ' s g e n e s 

wi l l be found in his d a u g h t e r , a n d therefore r is 1 ? 

H a m i l t o n o r i g i n a l l y g a v e ½ as the f igure , t hen in 1 9 7 1 c h a n g e d his m i n d 

and g a v e 1 . In 1964 he h a d t r ied to so lve the d i f f icul ty o f h o w to c a l c u l a t e an 

o v e r l a p b e t w e e n a h a p l o i d a n d a d i p l o i d g e n o t y p e by a r b i t r a r i l y t r e a t i n g the 

m a l e a s a k ind o f h o n o r a r y d i p l o i d . ' T h e r e l a t i onsh ips c o n c e r n i n g m a l e s a re 
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w o r k e d o u t by a s s u m i n g e a c h m a l e t o c a r r y a " c i p h e r " g e n e t o m a k e up his 

d i p l o i d pa i r , o n e " c i p h e r " n e v e r b e i n g c o n s i d e r e d i d e n t i c a l b y descen t w i th 

a n o t h e r ' ( H a m i l t o n 1 9 6 4 b ) . A t the t ime , h e r e c o g n i z e d tha t this p r o c e d u r e 

w a s ' a r b i t r a r y in the sense tha t s o m e o the r v a l u e for the f u n d a m e n t a l 

m o t h e r - s o n a n d f a t h e r - d a u g h t e r l ink w o u l d h a v e g i v e n a n e q u a l l y c o h e r e n t 

s y s t e m ' . H e l a t e r p r o n o u n c e d this m e t h o d o f c a l c u l a t i o n pos i t ive ly e r roneous 

a n d , in an a p p e n d i x a d d e d to a r e p r i n t i n g o f his c lassic p a p e r , g a v e the 

c o r r e c t ru les for c a l c u l a t i n g r in h a p l o d i p l o i d sys tems ( H a m i l t o n 1 9 7 1 b ) . His 

r ev i sed m e t h o d of c a l c u l a t i o n g i v e s r b e t w e e n a m a l e a n d his d a u g h t e r as 1 

(not ½), a n d r b e t w e e n a m a l e a n d his b r o t h e r as ½ (not ¼). C r o z i e r (1970) 

i n d e p e n d e n t l y c o r r e c t e d the e r ror . 

T h e p r o b l e m w o u l d n e v e r h a v e a r i sen , a n d n o a r b i t r a r y ' h o n o r a r y d i p l o i d ' 

m e t h o d w o u l d h a v e b e e n c a l l e d for, h a d w e al l a l o n g t h o u g h t i n terms o f 

selfish g e n e s m a x i m i z i n g the i r s u r v i v a l r a t he r t h a n in te rms o f selfish 

i n d i v i d u a l s m a x i m i z i n g the i r i n c l u s i v e fitness. C o n s i d e r a n ' i n t e l l i gen t g e n e ' 

s i t t ing in the b o d y o f a m a l e h y m e n o p t e r a n , ' c o n t e m p l a t i n g ' an a c t o f 

a l t r u i s m t o w a r d s a d a u g h t e r . I t k n o w s for c e r t a i n tha t the d a u g h t e r ' s b o d y 

c o n t a i n s a c o p y o f itself. I t does no t ' c a r e ' tha t he r g e n o m e con t a in s t w i c e as 

m a n y g e n e s a s its p resen t , m a l e , b o d y . I t i gnores the o t h e r h a l f o f her 

g e n o m e , s e c u r e i n the k n o w l e d g e tha t w h e n the d a u g h t e r r e p r o d u c e s , 

m a k i n g g r a n d c h i l d r e n for the p resen t m a l e , it , the i n t e l l i gen t g e n e itself, has 

a 5 0 p e r c e n t c h a n c e o f g e t t i n g in to e a c h g r a n d c h i l d . T o the in t e l l i gen t g e n e 

in a h a p l o i d m a l e , a g r a n d c h i l d is as v a l u a b l e as an o r d i n a r y offspring w o u l d 

be in a n o r m a l d i p l o i d sys t em. By the s a m e t o k e n , a d a u g h t e r i s t w i c e as 

v a l u a b l e as a d a u g h t e r w o u l d be in a n o r m a l d i p l o i d sys tem. F r o m the 

i n t e l l i gen t g e n e ' s p o i n t o f v i e w , the coeff ic ient o f r e l a t ionsh ip b e t w e e n fa ther 

a n d d a u g h t e r i s i n d e e d 1 , no t ½. 

N o w look a t the r e l a t i o n s h i p the o t h e r w a y r o u n d . T h e in te l l igen t g e n e 

ag ree s w i t h H a m i l t o n ' s o r i g i n a l f igure o f ½ for the coeff ic ient o f r e la t ionsh ip 

b e t w e e n a f e m a l e h y m e n o p t e r a n a n d he r fa ther . A g e n e sits in a f ema le a n d 

c o n t e m p l a t e s a n a c t o f a l t r u i sm t o w a r d s the fa ther o f tha t f ema le . I t k n o w s 

tha t i t has an e q u a l c h a n c e o f h a v i n g c o m e from the fa ther o r from the 

m o t h e r o f the f e m a l e i n w h i c h i t sits. F r o m its p o i n t o f v i e w , then , the 

coef f ic ien t o f r e l a t i o n s h i p b e t w e e n its p resen t b o d y a n d e i ther o f the t w o 

p a r e n t bod i e s is A, 

T h e s a m e k i n d o f r e a s o n i n g l eads t o a n a n a l o g o u s non- re f l ex iveness i n the 

b r o t h e r - s i s t e r r e l a t i o n s h i p . A g e n e in a f e m a l e sees a sister as h a v i n g ¾ of a 

c h a n c e of c o n t a i n i n g itself, a n d a b r o t h e r as h a v i n g ¼ of a c h a n c e of 

c o n t a i n i n g itself. A g e n e in a m a l e , h o w e v e r , looks a t the sister of tha t m a l e 

a n d sees t h a t she has ½ a c h a n c e of c o n t a i n i n g a c o p y of itself, no t ¼ as 

H a m i l t o n ' s o r i g i n a l c i p h e r g e n e ( ' h o n o r a r y d i p l o i d ' ) m e t h o d g a v e . 

I b e l i e v e i t w i l l be a d m i t t e d tha t h a d H a m i l t o n used his o w n ' i n t e l l igen t -

g e n e ' t h o u g h t e x p e r i m e n t w h e n c a l c u l a t i n g these coeff ic ients o f r e la t ionsh ip , 
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ins tead of t h i n k i n g in te rms o f individuals as a g e n t s m a x i m i z i n g s o m e t h i n g , he 

w o u l d h a v e go t the r i gh t a n s w e r the first t i m e . I f these er rors h a d b e e n 

s imple m i s c a l c u l a t i o n s i t w o u l d o b v i o u s l y be p e d a n t i c t o d iscuss t h e m , o n c e 

their o r i g ina l a u t h o r h a d p o i n t e d t h e m ou t . B u t t hey w e r e n o t m i s c a l c u 

la t ions , they w e r e based on a h i g h l y i n s t ruc t ive c o n c e p t u a l e r ro r . T h e s a m e i s 

t rue o f the n u m b e r e d ' M i s u n d e r s t a n d i n g s o f K i n S e l e c t i o n ' t ha t I q u o t e d 

before . 

I h a v e tr ied to s h o w in this c h a p t e r t ha t the c o n c e p t of fitness as a 

t echn ica l t e rm is a con fus ing o n e . I t i s con fus ing b e c a u s e i t c a n l e a d to 

a d m i t t e d er ror , a s i n the case o f H a m i l t o n ' s o r i g i n a l c a l c u l a t i o n o f 

h a p l o d i p l o i d coeff icients o f r e l a t i onsh ip , a n d a s i n the case o f s e v e r a l o f m y 

' 1 2 M i s u n d e r s t a n d i n g s o f K i n S e l e c t i o n ' . I t i s con fus ing b e c a u s e i t c a n l e a d 

ph i losophers to th ink the w h o l e t h e o r y of n a t u r a l s e l ec t ion i s a t a u t o l o g y . 

A n d i t i s con fus ing e v e n to b io logis t s b e c a u s e i t has b e e n used in a t least f ive 

different senses, m a n y o f w h i c h h a v e b e e n m i s t a k e n for a t leas t o n e o f the 

others . 

E m e r s o n , a s we h a v e seen, confused f i t nes s [3 ] w i t h f i t nes s [1 ] . I n o w g i v e 

an e x a m p l e o f a confus ion o f fi tness[3] w i t h f i tness [2] . W i l s o n ( 1 9 7 5 ) 

p rov ides a useful g los sa ry o f t e rms n e e d e d by soc iob io log i s t s . U n d e r ' f i tness ' 

he refers us to ' g ene t i c f i tness ' . We tu rn to ' g e n e t i c f i tness ' a n d find i t de f ined 

as ' T h e c o n t r i b u t i o n to the n e x t g e n e r a t i o n o f o n e g e n o t y p e in a p o p u l a t i o n 

re la t ive to the c o n t r i b u t i o n s o f o t h e r g e n o t y p e s . ' E v i d e n t l y ' f i tness ' i s b e i n g 

used in the sense o f the p o p u l a t i o n gene t i c i s t ' s f i t ness [2 ] . B u t t h e n , i f we l o o k 

u p ' i nc lus ive f i t n e s s ' i n the g los sa ry w e f i n d : ' T h e s u m o f a n i n d i v i d u a l ' s o w n 

f i tness p lus a l l its i n f luence on f i tness in its r e l a t i ves o t h e r t h a n d i r e c t 

de scendan t s . . . ' H e r e , ' the i n d i v i d u a l ' s o w n f i t n e s s ' m u s t b e ' c l a s s i c a l ' 

f i tness[3] (since i t i s a p p l i e d to i n d i v i d u a l s ) , no t t he g e n o t y p i c f i tness 

(fitness[2]) w h i c h i s the o n l y ' f i tness ' def ined in the g lossa ry . T h e g lo s sa ry is, 

then, i n c o m p l e t e , a p p a r e n t l y b e c a u s e of a confus ion b e t w e e n f i tness of a 

g e n o t y p e a t a locus (fitness[2]) a n d r e p r o d u c t i v e success o f an i n d i v i d u a l 

(fitness [3 ] ) . 

A s i f m y f i v e f o l d list w e r e no t con fus ing e n o u g h a l r e a d y , i t m a y n e e d 

e x t e n d i n g . F o r reasons c o n c e r n e d w i t h a n in teres t i n b i o l o g i c a l ' p r o g r e s s ' , 

T h o d a y (1953) seeks the ' f i tness ' o f a l o n g - t e r m l i n e a g e , de f i ned as the 

p r o b a b i l i t y tha t the l i n e a g e w i l l c o n t i n u e for a v e r y l o n g t i m e s u c h as 10 8 

gene ra t ions , a n d c o n t r i b u t e d to by such ' b i o t i c ' fac tors ( W i l l i a m s 1966) a s 

' gene t i c f l e x i b i l i t y ' . T h o d a y ' s f i t n e s s does no t c o r r e s p o n d t o a n y o f m y list o f 

f i v e . T h e n a g a i n , the f i t n e s s [ 2 ] o f p o p u l a t i o n gene t ic i s t s i s a d m i r a b l y c l e a r 

and useful, b u t m a n y p o p u l a t i o n gene t ic i s t s a re , for reasons best k n o w n to 

themse lves , v e r y in teres ted i n a n o t h e r q u a n t i t y w h i c h i s c a l l e d the m e a n 

f i t ne s s o f a p o p u l a t i o n . W i t h i n the g e n e r a l c o n c e p t o f ' i n d i v i d u a l f i t ne s s ' , 

B r o w n ( 1 9 7 5 ; B r o w n & B r o w n 1 9 8 1 ) wishes to m a k e a d i s t i n c t i o n b e t w e e n 

'd i rec t f i tness ' a n d ' i nd i r ec t f i tness ' . D i r e c t f i tness i s the s a m e as w h a t I am 
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c a l l i n g fi tness[3]. I n d i r e c t fitness c a n be c h a r a c t e r i z e d as s o m e t h i n g like 

f i tness [4] m i n u s fitness[3], i .e . the c o m p o n e n t of i n c l u s i v e fitness tha t results 

f rom the r e p r o d u c t i o n o f c o l l a t e r a l r e l a t ives a s o p p o s e d to d i r e c t de scendan t s 

( I p r e s u m e g r a n d c h i l d r e n c o u n t i n the d i r e c t c o m p o n e n t , t h o u g h the 

d e c i s i o n i s a r b i t r a r y ) . B r o w n h i m s e l f i s c l e a r a b o u t the m e a n i n g o f the te rms, 

b u t I b e l i e v e t h e y h a v e c o n s i d e r a b l e p o w e r to confuse . F o r ins tance , they 

a p p e a r t o l end w e i g h t t o the v i e w (not he ld by B r o w n , bu t he ld by a 

d is t ress ing n u m b e r o f o t h e r a u t h o r s , e .g . G r a n t 1 9 7 8 , a n d seve ra l wr i te rs o n 

' he lpe r s a t the nes t ' in b i rds) t ha t there i s s o m e t h i n g u n p a r s i m o n i o u s a b o u t 

' k in s e l e c t i o n ' ( the ' i n d i r e c t c o m p o n e n t ' ) a s c o m p a r e d w i t h ' i n d i v i d u a l 

s e l e c t i o n ' ( the ' d i r e c t c o m p o n e n t ' ) , a v i e w w h i c h I h a v e c r i t i c i zed 

suff ic ient ly be fo re ( D a w k i n s 1 9 7 6 a , 1 9 7 8 a , 1 9 7 9 a ) . 

T h e r e a d e r m a y h a v e b e e n b e w i l d e r e d a n d i r r i t a ted a t m y d r a w n out list 

of f ive or m o r e s e p a r a t e m e a n i n g s of f i tness . I h a v e found this a painful 

c h a p t e r to w r i t e , a n d I am a w a r e tha t i t w i l l no t h a v e b e e n easy to r ead . I t 

m a y be the last resor t of a p o o r w r i t e r to b l a m e his sub jec t m a t t e r , b u t I 

r e a l l y do b e l i e v e i t i s the c o n c e p t of f i tness i tse l f w h i c h i s respons ib le for the 

a g o n y i n this c a se . T h e p o p u l a t i o n gene t i c i s t s ' f i t n e s s [ 2 ] as ide , the c o n c e p t o f 

f i t ne s s a s a p p l i e d t o i n d i v i d u a l o r g a n i s m s has b e c o m e forced a n d c o n t r i v e d . 

Be fo re H a m i l t o n ' s r e v o l u t i o n , o u r w o r l d w a s p e o p l e d b y i n d i v i d u a l 

o r g a n i s m s w o r k i n g s i n g l e - m i n d e d l y t o k e e p t hemse lve s a l i v e a n d t o h a v e 

c h i l d r e n . In those d a y s i t w a s n a t u r a l to m e a s u r e success in this u n d e r t a k i n g 

a t the l e v e l o f t he i n d i v i d u a l o r g a n i s m . H a m i l t o n c h a n g e d al l tha t b u t 

u n f o r t u n a t e l y , i n s t ead o f f o l l o w i n g his ideas t h r o u g h to the i r l o g i c a l 

c o n c l u s i o n a n d s w e e p i n g the i n d i v i d u a l o r g a n i s m f rom its pedes t a l a s 

n o t i o n a l a g e n t o f m a x i m i z a t i o n , he e x e r t e d his g e n i u s in d e v i s i n g a m e a n s o f 

r e s c u i n g the i n d i v i d u a l . He c o u l d h a v e pers is ted i n s a y i n g : g e n e s u r v i v a l i s 

w h a t m a t t e r s ; le t u s e x a m i n e w h a t a g e n e w o u l d h a v e t o do i n o rde r t o 

p r o p a g a t e c o p i e s o f itself. I n s t ead he , in effect, s a i d : g e n e s u r v i v a l i s w h a t 

m a t t e r s ; w h a t i s the m i n i m u m c h a n g e w e h a v e t o m a k e t o o u r o ld v i e w o f 

w h a t i n d i v i d u a l s m u s t d o , i n o r d e r t ha t w e m a y c l i n g o n t o o u r i d e a o f the 

i n d i v i d u a l a s t he un i t o f a c t i o n ? T h e r e s u l t — i n c l u s i v e f i t n e s s — w a s 

t e c h n i c a l l y c o r r e c t , b u t c o m p l i c a t e d a n d easy to m i s u n d e r s t a n d . I shal l a v o i d 

m e n t i o n i n g f i tness a g a i n in this b o o k , w h i c h I trust w i l l m a k e for easier 

r e a d i n g . T h e n e x t t h ree c h a p t e r s d e v e l o p the t heo ry o f the e x t e n d e d 

p h e n o t y p e itself. 
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W h a t do we r ea l l y m e a n by the p h e n o t y p i c effect o f a g e n e ? A 

sma t t e r i ng o f m o l e c u l a r b i o l o g y m a y sugges t o n e k i n d o f a n s w e r . E a c h g e n e 

codes for the synthesis o f o n e p r o t e i n c h a i n . In a p r o x i m a l sense t h a t p r o t e i n 

i s its p h e n o t y p i c effect. M o r e d is ta l effects l ike e y e c o l o u r or b e h a v i o u r a r e , in 

the i r turn , effects o f the p r o t e i n f u n c t i o n i n g as an e n z y m e . S u c h a s i m p l e 

a c c o u n t does not , h o w e v e r , b e a r m u c h s e a r c h i n g ana ly s i s . T h e 'e f fec t ' o f a n y 

w o u l d - b e cause c a n be g i v e n m e a n i n g o n l y i n te rms o f a c o m p a r i s o n , e v e n i f 

o n l y an i m p l i e d c o m p a r i s o n , w i t h a t least o n e a l t e r n a t i v e c a u s e . I t i s s t r i c t ly 

i n c o m p l e t e to speak of b l u e eyes as ' the effect ' o f a g i v e n g e n e G1 . I f we s a y 

such a t h ing , we r ea l l y i m p l y the p o t e n t i a l e x i s t e n c e o f a t leas t o n e 

a l t e rna t i ve a l l e l e , c a l l i t G2, a n d a t least o n e a l t e r n a t i v e p h e n o t y p e , P 2 , in 

this case , say , b r o w n eyes . I m p l i c i t l y we a re m a k i n g a s t a t e m e n t a b o u t a 

re la t ion b e t w e e n a p a i r of g e n e s {G1, G2} a n d a p a i r of d i s t i n g u i s h a b l e 

p h e n o t y p e s { P 1 , P 2 } , i n a n e n v i r o n m e n t w h i c h e i the r i s c o n s t a n t o r v a r i e s i n 

a non - sys t ema t i c w a y so tha t its c o n t r i b u t i o n r a n d o m i z e s ou t . 

' E n v i r o n m e n t ' , in tha t last c l ause , i s t a k e n to i n c l u d e a l l the g e n e s a t o t h e r 

loci tha t mus t be p resen t in o r d e r for P1 or P2 to be e x p r e s s e d . O u r 

s t a t emen t is tha t the re is a s ta t is t ica l t e n d e n c y for i n d i v i d u a l s w i t h G1 to be 

m o r e l ike ly t han i n d i v i d u a l s w i t h G2 t o s h o w P1 ( r a the r t h a n P 2 ) . Of c o u r s e 

there is no need to d e m a n d tha t P1 shou ld always be a s soc i a t ed w i t h G1, no r 

tha t G1 shou ld a l w a y s l ead to P1 : i n the rea l w o r l d ou t s ide l o g i c t e x t b o o k s , 

the s imple c o n c e p t s o f ' n e c e s s a r y ' a n d ' suff ic ient ' m u s t u s u a l l y b e r e p l a c e d b y 

s tat is t ical e q u i v a l e n t s . 

S u c h a n ins is tence tha t p h e n o t y p e s a r e no t c a u s e d b y g e n e s , b u t o n l y 

p h e n o t y p i c differences c a u s e d b y g e n e di f ferences ( Jensen 1 9 6 1 ; H i n d e 1 9 7 5 ) 

m a y seem t o w e a k e n the c o n c e p t o f g e n e t i c d e t e r m i n a t i o n t o the p o i n t w h e r e 

i t ceases to be in te res t ing . T h i s i s far f rom the case , a t leas t i f the sub jec t of 

ou r interest i s n a t u r a l se l ec t ion , b e c a u s e n a t u r a l s e l ec t ion too i s c o n c e r n e d 

wi th differences ( C h a p t e r 2 ) . N a t u r a l se l ec t ion i s the p rocess by w h i c h s o m e 

alleles o u t - p r o p a g a t e the i r a l t e r n a t i v e s , a n d the i n s t rumen t s b y w h i c h t h e y 
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a c h i e v e this a r e the i r p h e n o t y p i c effects. I t fo l lows tha t p h e n o t y p i c effects 

c a n a l w a y s be t h o u g h t o f as relative to a l t e r n a t i v e p h e n o t y p i c effects. 

I t i s c u s t o m a r y to speak as i f d i f ferences a l w a y s m e a n differences b e t w e e n 

i n d i v i d u a l b o d i e s o r o t h e r d i sc re t e ' v e h i c l e s ' . T h e p u r p o s e o f the nex t three 

c h a p t e r s i s t o s h o w tha t w e c a n e m a n c i p a t e the c o n c e p t o f the p h e n o t y p i c 

d i f fe rence f rom tha t o f the d i sc re te v e h i c l e a l t o g e t h e r , a n d this i s the m e a n i n g 

o f the t i t le ' e x t e n d e d p h e n o t y p e ' . I shal l s h o w tha t the o r d i n a r y log ic o f 

g e n e t i c t e r m i n o l o g y l eads i n e v i t a b l y to the c o n c l u s i o n tha t genes c a n be said 

to h a v e extended p h e n o t y p i c effects, effects w h i c h need no t be expressed a t the 

l eve l o f a n y p a r t i c u l a r v e h i c l e . F o l l o w i n g an ea r l i e r p a p e r ( D a w k i n s 1978a) I 

shal l t a k e a s t e p - b y - s t e p a p p r o a c h to the e x t e n d e d p h e n o t y p e , b e g i n n i n g 

w i t h c o n v e n t i o n a l e x a m p l e s o f ' o r d i n a r y ' p h e n o t y p i c effects a n d g r a d u a l l y 

e x t e n d i n g the c o n c e p t o f the p h e n o t y p e o u t w a r d s so tha t the c o n t i n u i t y i s 

easy to a c c e p t . T h e i d e a o f the g e n e t i c d e t e r m i n a t i o n o f a n i m a l a r te fac ts i s a 

d i d a c t i c a l l y useful i n t e r m e d i a t e e x a m p l e , a n d this w i l l be the m a i n topic o f 

this c h a p t e r . 

B u t first, c o n s i d e r a g e n e A w h o s e i m m e d i a t e m o l e c u l a r effect is the 

synthes is o f a b l a c k p r o t e i n w h i c h d i r e c t l y co lou r s the skin o f an a n i m a l 

b l a c k . T h e n the g e n e ' s o n l y p r o x i m a l effect, i n the m o l e c u l a r b io log is t ' s 

s i m p l e sense, is the synthes is of this o n e b l a c k p ro t e in . B u t is A a g e n e 'for 

b e i n g b l a c k ' ? T h e p o i n t I w a n t to m a k e i s tha t , as a m a t t e r o f def in i t ion , tha t 

d e p e n d s on h o w the p o p u l a t i o n va r i e s . A s s u m e tha t A has an a l l e le A', w h i c h 

fails to s y n t h e s i z e the b l a c k p i g m e n t , so tha t i n d i v i d u a l s h o m o z y g o u s for A ' 

t end to be w h i t e . In this c a se A i s t ru ly a g e n e ' for ' b e i n g b l a c k , in the sense 

in w h i c h I w i s h to use the p h r a s e . B u t i t m a y a l t e r n a t i v e l y be tha t a l l the 

v a r i a t i o n in skin c o l o u r t ha t a c t u a l l y o c c u r s in the p o p u l a t i o n i s d u e to 

v a r i a t i o n at a q u i t e different l ocus , B. B's i m m e d i a t e b i o c h e m i c a l effect is the 

synthes is of a p r o t e i n w h i c h i s no t a b l a c k p i g m e n t , b u t w h i c h acts as an 

e n z y m e , o n e of w h o s e i n d i r e c t effects (in c o m p a r i s o n w i t h its a l l e le B'), a t 

s o m e d i s t an t r e m o v e , i s the fac i l i t a t ion of the synthes is by A o f the b l a c k 

p i g m e n t in sk in ce l l s . 

To be sure , A , the g e n e w h o s e p ro t e in p r o d u c t i s the b l a c k p i g m e n t , i s 

neces sa ry in o r d e r for an i n d i v i d u a l to be b l a c k : so a re t h o u s a n d s o f o the r 

g e n e s , i f o n l y b e c a u s e t h e y a r e necessa ry t o m a k e the i n d i v i d u a l exist a t a l l . 

B u t I sha l l no t c a l l A a g e n e for b l a c k n e s s unless s o m e of the v a r i a t i o n in the 

p o p u l a t i o n i s d u e to l a c k of A . I f a l l i n d i v i d u a l s , w i t h o u t fail , h a v e A , a n d the 

o n l y r eason i n d i v i d u a l s a r e no t b l a c k i s tha t t hey h a v e B ' r a t h e r than B , we 

sha l l say tha t B, b u t no t A, is a g e n e for b l acknes s . If there is v a r i a t i o n at 

b o t h loc i a f fec t ing b l a c k n e s s , we shal l refer to b o t h A a n d B as genes for 

b l a c k n e s s . T h e p o i n t tha t i s r e l e v a n t he re is tha t b o t h A a n d B a re po t en t i a l l y 

en t i t l ed to be c a l l e d g e n e s for b l a c k n e s s , d e p e n d i n g on the a l t e rna t i ve s tha t 

ex is t in the p o p u l a t i o n . T h e fact tha t the c a u s a l c h a i n l i n k i n g A t o the 

p r o d u c t i o n of the b l a c k p i g m e n t m o l e c u l e is shor t , w h i l e tha t for B i s l o n g 
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a n d to r tuous , i s i r r e l e v a n t . M o s t g e n e effects seen by w h o l e a n i m a l b io log i s t s , 

and all those seen by e tho log i s t s , a re l o n g a n d to r tuous . 

A gene t ic i s t c o l l e a g u e has a r g u e d tha t t he re a re v i r t u a l l y no b e h a v i o u r -

gene t i c trai ts , b e c a u s e a l l those so-far d i s c o v e r e d h a v e t u r n e d o u t to be 

' b y p r o d u c t s ' o f m o r e f u n d a m e n t a l m o r p h o l o g i c a l o r p h y s i o l o g i c a l effects. 

Bu t w h a t on ea r th does he th ink any g e n e t i c t ra i t is, m o r p h o l o g i c a l , 

p h y s i o l o g i c a l o r b e h a v i o u r a l , i f no t a ' b y p r o d u c t ' o f s o m e t h i n g m o r e 

f u n d a m e n t a l ? I f w e th ink the m a t t e r t h r o u g h w e find tha t a l l g e n e t i c effects 

a re ' b y p r o d u c t s ' e x c e p t p ro t e in m o l e c u l e s . 

R e t u r n i n g to the b l a c k skin e x a m p l e , i t i s e v e n poss ible tha t the c h a i n of 

causa t i on l i n k i n g a g e n e such as B to its b l a c k - s k i n n e d p h e n o t y p e m i g h t 

i n v o l v e a b e h a v i o u r a l l ink . S u p p o s e tha t A c a n s y n t h e s i z e b l a c k p i g m e n t 

o n l y in the p r e sence o f sun l i gh t , a n d suppose tha t B w o r k s by m a k i n g 

i n d i v i d u a l s seek sun l i gh t , i n c o m p a r i s o n w i t h B ' w h i c h m a k e s t h e m seek 

shade . B i n d i v i d u a l s w i l l t hen tend to be b l a c k e r t h a n B ' i n d i v i d u a l s , b e c a u s e 

t hey s p e n d m o r e t ime in the sun . B i s s t i l l , by e x i s t i n g t e r m i n o l o g i c a l 

c o n v e n t i o n , a g e n e 'for b l a c k n e s s ' , no less t h a n i t w o u l d be i f its c a u s a l c h a i n 

i n v o l v e d in te rna l b i o c h e m i s t r y o n l y , r a t he r t h a n a n ' e x t e r n a l ' b e h a v i o u r a l 

loop . I n d e e d , a gene t i c i s t in the p u r e sense o f the w o r d n e e d no t c a r e a b o u t 

the de t a i l ed p a t h w a y from g e n e to p h e n o t y p i c effect . S t r i c t l y s p e a k i n g , a 

genet ic i s t w h o c o n c e r n s h i m s e l f w i t h these i n t e r e s t i ng m a t t e r s i s t e m p o r a r i l y 

w e a r i n g the ha t o f a n e m b r y o l o g i s t . T h e p u r e gene t i c i s t i s c o n c e r n e d w i t h 

end p r o d u c t s , a n d in p a r t i c u l a r w i t h di f ferences b e t w e e n a l l e l es in the i r effects 

on end p r o d u c t s . N a t u r a l s e l ec t ion ' s c o n c e r n s a re p r e c i s e l y the s a m e , for 

n a t u r a l se lec t ion ' w o r k s o n o u t c o m e s ' ( L e h r m a n 1 9 7 0 ) . T h e i n t e r i m 

c o n c l u s i o n i s t ha t we a re a l r e a d y a c c u s t o m e d to p h e n o t y p i c effects b e i n g 

a t t a c h e d t o the i r g e n e s b y l o n g a n d d e v i o u s c h a i n s o f c a u s a l c o n n e c t i o n , 

therefore fur ther ex tens ions o f the c o n c e p t o f p h e n o t y p e s h o u l d no t 

overs t re tch o u r c r e d u l i t y . T h i s c h a p t e r t akes the first s tep t o w a r d s such 

further ex t ens ion , by l o o k i n g a t a n i m a l a r t e fac t s a s e x a m p l e s o f the 

p h e n o t y p i c expres s ion o f g e n e s . 

T h e f a sc ina t ing sub jec t o f a n i m a l a r te fac t s i s r e v i e w e d b y H a n s e l l (in 

press) . He shows tha t a r te fac ts p r o v i d e useful case s tud ies for s eve ra l 

p r inc ip les o f g e n e r a l e t h o l o g i c a l i m p o r t a n c e . T h i s c h a p t e r uses the e x a m p l e o f 

ar tefacts i n the se rv i ce o f e x p l a i n i n g a n o t h e r p r i n c i p l e , t ha t o f the e x t e n d e d 

p h e n o t y p e . C o n s i d e r a h y p o t h e t i c a l spec ies o f cadd i s - f ly w h o s e l a r v a e b u i l d 

houses ou t o f s tones w h i c h t h e y se lec t f rom those a v a i l a b l e on the b o t t o m o f 

the s t r eam. W e m i g h t o b s e r v e tha t the p o p u l a t i o n c o n t a i n s t w o r a t h e r 

d is t inct co lou r s o f house , d a r k a n d l igh t . B y b r e e d i n g e x p e r i m e n t s w e 

establ ish tha t the c h a r a c t e r s ' d a r k h o u s e ' a n d ' l i g h t h o u s e ' b r e e d t rue i n 

some s imple M e n d e l i a n fashion , say w i t h d a r k house d o m i n a n t t o l i gh t 

house . I n p r i n c i p l e i t o u g h t t o be poss ib le t o d i s c o v e r , by a n a l y s i n g 

r e c o m b i n a t i o n d a t a , w h e r e the g e n e s for h o u s e c o l o u r sit o n the 
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c h r o m o s o m e s . T h i s is, o f cou r se , h y p o t h e t i c a l . I do not k n o w o f a n y gene t i c 

w o r k on c a d d i s houses , a n d i t w o u l d be difficult t o do b e c a u s e adu l t s a re 

diff icul t t o b r e e d i n c a p t i v i t y ( M . H . H a n s e l l , pe r sona l c o m m u n i c a t i o n ) . Bu t 

my p o i n t i s tha t , i f the p r a c t i c a l diff icul t ies c o u l d be o v e r c o m e , n o b o d y 

w o u l d be v e r y surpr i sed i f house c o l o u r d i d turn o u t to be a s imple 

M e n d e l i a n c h a r a c t e r i n a c c o r d a n c e w i t h m y t h o u g h t e x p e r i m e n t . ( A c t u a l l y , 

c o l o u r is a s l i gh t ly u n f o r t u n a t e e x a m p l e to h a v e c h o s e n , s ince c a d d i s v is ion is 

p o o r a n d t h e y a l m o s t c e r t a i n l y i g n o r e v i sua l cues i n c h o o s i n g s tones . R a t h e r 

t h a n use a m o r e rea l i s t i c e x a m p l e l ike s tone s h a p e ( H a n s e l l ) , I s tay w i t h 

c o l o u r for the sake o f the a n a l o g y w i t h the b l a c k p i g m e n t d iscussed a b o v e . ) 

T h e in t e r e s t i ng s e q u e l i s this . H o u s e c o l o u r i s d e t e r m i n e d by the c o l o u r o f 

the s tones c h o s e n f rom the s t r e a m b e d by the l a r v a , no t by the b i o c h e m i c a l 

synthes is o f a b l a c k p i g m e n t . T h e g e n e s d e t e r m i n i n g house c o l o u r mus t w o r k 

v i a the b e h a v i o u r a l m e c h a n i s m tha t chooses s tones , p e r h a p s v i a the eyes . S o 

m u c h w o u l d be a g r e e d by a n y e tho log i s t . A l l tha t this c h a p t e r adds i s a 

l o g i c a l p o i n t : o n c e w e h a v e a c c e p t e d tha t there a re g e n e s for b u i l d i n g 

b e h a v i o u r , the ru les o f e x i s t i n g t e r m i n o l o g y i m p l y tha t the a r te fac t i tself 

shou ld be t r e a t e d a s p a r t o f the p h e n o t y p i c express ion o f genes in the a n i m a l . 

T h e s tones a re o u t s i d e the b o d y of the o r g a n i s m , ye t l o g i c a l l y such a g e n e i s a 

g e n e ' for ' house c o l o u r , in e x a c t l y as s t rong a sense as the h y p o t h e t i c a l g e n e 

B w a s for sk in c o l o u r . A n d B w a s i n d e e d a g e n e for skin c o l o u r , e v e n t h o u g h 

i t w o r k e d by m e d i a t i n g sun - seek ing b e h a v i o u r , in e x a c t l y as s t rong a sense as 

a g e n e ' for ' a l b i n i s m is c a l l e d a g e n e for skin c o l o u r . T h e log ic is i den t i ca l in 

a l l t h r ee cases . We h a v e t a k e n the f i r s t s tep i n e x t e n d i n g the c o n c e p t o f a 

g e n e ' s p h e n o t y p i c effect o u t s i d e the i n d i v i d u a l b o d y . I t w a s no t a difficult 

s tep t o t a k e , b e c a u s e w e h a d a l r e a d y softened u p o u r res is tance b y r ea l i z ing 

tha t e v e n n o r m a l ' i n t e r n a l ' p h e n o t y p i c effects m a y l ie a t the end o f long , 

r ami f i ed , a n d i n d i r e c t , c a u s a l c h a i n s . L e t us n o w s tep ou t a l i t t le fur ther . 

T h e house of a c a d d i s i s s t r ic t ly no t a pa r t of its c e l l u l a r b o d y , b u t i t does 

f i t s n u g l y r o u n d the b o d y . I f the b o d y i s r e g a r d e d as a g e n e v e h i c l e , o r 

s u r v i v a l m a c h i n e , i t i s easy to see the s tone house as a k ind of e x t r a p r o t e c t i v e 

w a l l , in a f u n c t i o n a l sense the o u t e r pa r t of the v e h i c l e . I t j u s t h a p p e n s to be 

m a d e o f s tone r a t h e r t h a n ch i t i n . N o w cons ide r a sp ider s i t t ing a t the cen t re 

of he r w e b . I f she i s r e g a r d e d as a g e n e v e h i c l e , her w e b i s no t a pa r t o f tha t 

v e h i c l e in q u i t e the s a m e o b v i o u s sense as a c a d d i s house , s ince w h e n she 

turns r o u n d the w e b d o e s no t t u rn w i t h her . B u t the d i s t inc t ion i s c l e a r l y a 

f r ivo lous o n e . In a v e r y rea l sense her w e b is a t e m p o r a r y func t iona l 

e x t e n s i o n o f he r b o d y , a h u g e ex t ens ion o f the effect ive c a t c h m e n t a r e a o f her 

p r e d a t o r y o r g a n s . 

O n c e a g a i n , I k n o w o f n o g e n e t i c ana lys i s o f sp ide r w e b m o r p h o l o g y , bu t 

the re i s n o t h i n g diff icul t in p r i n c i p l e a b o u t i m a g i n i n g such an ana lys i s . I t i s 

k n o w n tha t i n d i v i d u a l sp iders h a v e cons is tent id iosyncras ie s w h i c h are 

r e p e a t e d i n w e b after w e b . O n e f e m a l e Zygiella-x-notata, for ins tance , w a s 
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seen to b u i l d m o r e t han 100 w e b s , a l l l a c k i n g a p a r t i c u l a r c o n c e n t r i c r i n g 

(Wi t t , R e a d & P e a k a l l 1 9 6 8 ) . N o b o d y f a m i l i a r w i t h the l i t e r a t u r e o n 

b e h a v i o u r gene t i c s (e .g . M a n n i n g 1 9 7 1 ) w o u l d b e surpr i sed i f the o b s e r v e d 

id iosyncras ies o f i n d i v i d u a l sp iders t u r n e d o u t to h a v e a g e n e t i c bas is . 

I n d e e d , o u r b e l i e f t ha t sp ide r s ' w e b s h a v e e v o l v e d the i r eff icient s h a p e 

t h r o u g h n a t u r a l se l ec t ion necessa r i ly c o m m i t s us to a b e l i e f tha t , a t leas t in 

the past , w e b v a r i a t i o n mus t h a v e b e e n u n d e r g e n e t i c i n f l u e n c e ( C h a p t e r 2 ) . 

A s i n the case o f the c a d d i s houses , the g e n e s m u s t h a v e w o r k e d v i a b u i l d i n g 

b e h a v i o u r , be fore t ha t i n e m b r y o n i c d e v e l o p m e n t p e r h a p s v i a 

n e u r o a n a t o m y , before tha t p e r h a p s v i a ce l l m e m b r a n e b i o c h e m i s t r y . B y 

w h a t e v e r e m b r y o l o g i c a l rou tes the genes m a y w o r k i n d e t a i l , the s m a l l e x t r a 

s tep from b e h a v i o u r to w e b i s no t a n y m o r e diff icul t t o c o n c e i v e o f t han the 

m a n y causa l steps w h i c h p r e c e d e d the b e h a v i o u r a l effect, a n d w h i c h l ie 

bu r i ed i n the l a b y r i n t h o f n e u r o e m b r y o l o g y . 

N o b o d y has a n y t r o u b l e u n d e r s t a n d i n g the i d e a o f g e n e t i c c o n t r o l o f 

m o r p h o l o g i c a l d i f ferences . N o w a d a y s few p e o p l e h a v e t r o u b l e u n d e r s t a n d i n g 

that there is, i n p r i n c i p l e , no d i f fe rence b e t w e e n g e n e t i c c o n t r o l o f 

m o r p h o l o g y a n d g e n e t i c c o n t r o l o f b e h a v i o u r , a n d w e a r e u n l i k e l y t o b e 

mis led by u n f o r t u n a t e s t a t emen t s such as ' S t r i c t l y s p e a k i n g , i t i s the b r a i n 

( ra ther t han the b e h a v i o u r ) t ha t i s g e n e t i c a l l y i n h e r i t e d ' ( P u g h in press) . 

T h e poin t he re is, o f cour se , tha t i f the re i s a n y sense in w h i c h the b r a i n i s 

inher i t ed , b e h a v i o u r m a y b e i nhe r i t ed i n e x a c t l y the s a m e sense . I f w e o b j e c t 

t o c a l l i n g b e h a v i o u r i n h e r i t e d , a s s o m e d o o n t e n a b l e g r o u n d s , t h e n w e mus t , 

t o b e consis tent , o b j e c t t o c a l l i n g b ra ins i nhe r i t ed too . A n d i f w e d o d e c i d e t o 

a l l o w that b o t h m o r p h o l o g y a n d b e h a v i o u r m a y b e i n h e r i t e d , w e c a n n o t 

r e a s o n a b l y a t the s a m e t ime o b j e c t t o c a l l i n g c a d d i s house c o l o u r a n d sp ide r 

w e b shape inhe r i t ed . T h e e x t r a s tep f rom b e h a v i o u r t o e x t e n d e d p h e n o t y p e , 

in this case the s tone house or the w e b , i s as c o n c e p t u a l l y n e g l i g i b l e as the 

step from m o r p h o l o g y to b e h a v i o u r . 

F r o m the v i e w p o i n t o f this b o o k a n a n i m a l a r t e fac t , l i ke a n y o t h e r 

p h e n o t y p i c p r o d u c t w h o s e v a r i a t i o n i s i n f luenced by a g e n e , c a n be r e g a r d e d 

as a p h e n o t y p i c tool by w h i c h tha t g e n e c o u l d p o t e n t i a l l y l e v e r i t se l f in to the 

nex t g e n e r a t i o n . A g e n e m a y so l e v e r i tse l f by a d o r n i n g the ta i l o f a m a l e 

b i rd o f pa rad i se w i t h a s e x u a l l y a t t r a c t i v e b l u e fea ther , o r by c a u s i n g a m a l e 

b o w e r b i rd t o p a i n t his b o w e r w i t h p i g m e n t c r u s h e d i n his b i l l o u t o f b l u e 

berr ies . T h e de ta i l s m a y be different i n the t w o cases b u t the effect , f rom the 

gene ' s po in t o f v i e w , i s the s a m e . G e n e s t h a t a c h i e v e s e x u a l l y a t t r a c t i v e 

p h e n o t y p i c effects w h e n c o m p a r e d w i t h the i r a l le les a r e f a v o u r e d , a n d i t i s 

t r iv ia l w h e t h e r those p h e n o t y p i c effects a re ' c o n v e n t i o n a l ' o r ' e x t e n d e d ' . 

T h i s i s u n d e r l i n e d by the in te res t ing o b s e r v a t i o n t h a t b o w e r b i r d spec ies w i t h 

e spec ia l ly sp l end id b o w e r s t end t o h a v e r e l a t i v e l y d r a b p l u m a g e , w h i l e those 

species w i t h r e l a t i v e l y b r i g h t p l u m a g e t end t o b u i l d less e l a b o r a t e a n d 

s p e c t a c u l a r b o w e r s ( G i l l i a r d 1 9 6 3 ) . I t i s a s t h o u g h s o m e spec ies h a v e shif ted 
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p a r t o f t he b u r d e n o f a d a p t a t i o n from b o d i l y p h e n o t y p e t o e x t e n d e d 

p h e n o t y p e . 

S o far the p h e n o t y p i c effects w e h a v e b e e n c o n s i d e r i n g h a v e e x t e n d e d o n l y 

a few y a r d s a w a y f rom the i n i t i a t i n g genes , b u t in p r i n c i p l e there i s no reason 

w h y the p h e n o t y p i c l eve r s o f g e n e p o w e r shou ld not r e a c h ou t for mi les . A 

b e a v e r d a m i s b u i l t c lose to the l o d g e , b u t the effect o f the d a m m a y be to 

f lood a n a r e a t h o u s a n d s o f s q u a r e me t res i n e x t e n t . A s t o the a d v a n t a g e o f 

the p o n d f rom the b e a v e r ' s p o i n t o f v i e w , the best guess seems to be tha t i t 

i nc reases the d i s t a n c e the b e a v e r c a n t r ave l by w a t e r , w h i c h i s safer than 

t r a v e l l i n g by l a n d , a n d eas ie r for t r a n s p o r t i n g w o o d . A b e a v e r tha t l ives by a 

s t r e a m q u i c k l y e x h a u s t s the s u p p l y o f food trees l y i n g a l o n g the s t r eam b a n k 

w i t h i n a r e a s o n a b l e d i s t a n c e . By b u i l d i n g a d a m across the s t r eam the b e a v e r 

c r ea t e s a l a r g e s h o r e l i n e w h i c h i s a v a i l a b l e for safe a n d easy f o r a g i n g w i t h o u t 

the b e a v e r h a v i n g t o m a k e l o n g a n d difficult j o u r n e y s o v e r l a n d . I f this 

i n t e r p r e t a t i o n i s r i gh t , the l a k e m a y be r e g a r d e d as a h u g e e x t e n d e d 

p h e n o t y p e , e x t e n d i n g the f o r a g i n g r a n g e o f the b e a v e r i n a w a y w h i c h i s 

s o m e w h a t a n a l o g o u s t o the w e b o f the sp ide r . A s i n the case o f the spider 

w e b , n o b o d y has d o n e a g e n e t i c s t u d y o f b e a v e r d a m s , b u t w e r ea l ly d o not 

n e e d to i n o r d e r t o c o n v i n c e ou r se lves o f the r ightness o f r e g a r d i n g the d a m , 

a n d the l a k e , a s p a r t o f the p h e n o t y p i c express ion o f b e a v e r genes . I t i s 

e n o u g h t h a t w e a c c e p t tha t b e a v e r d a m s mus t h a v e e v o l v e d b y D a r w i n i a n 

n a t u r a l s e l e c t i o n : this c a n o n l y h a v e c o m e a b o u t i f d a m s h a v e v a r i e d unde r 

the c o n t r o l o f g e n e s ( C h a p t e r 2 ) . 

Ju s t b y t a l k i n g a b o u t a few e x a m p l e s o f a n i m a l a r te fac ts , t hen , w e h a v e 

p u s h e d the c o n c e p t u a l r a n g e o f the g e n e ' s p h e n o t y p e ou t t o m a n y mi les . B u t 

n o w we c o m e up a g a i n s t a c o m p l i c a t i o n . A b e a v e r d a m i s u sua l l y the w o r k o f 

m o r e t h a n o n e i n d i v i d u a l . M a t e d pa i r s r o u t i n e l y w o r k toge the r , a n d 

success ive g e n e r a t i o n s o f a f a m i l y m a y inher i t r e spons ib i l i ty for the u p k e e p 

a n d e x t e n s i o n of a ' t r a d i t i o n a l ' d a m - c o m p l e x c o m p r i s i n g a s ta i rcase of h a l f a 

d o z e n d a m s s t e p p i n g d o w n s t r e a m , a n d m a y b e seve ra l ' c a n a l s ' a s w e l l . N o w i t 

w a s ea sy to a r g u e tha t a c a d d i s house , o r a sp ider w e b , w a s the e x t e n d e d 

p h e n o t y p e o f the g e n e s o f the s ing le i n d i v i d u a l tha t bu i l t it . B u t w h a t a re w e 

to m a k e of an a r t e f ac t tha t i s the j o i n t p r o d u c t i o n of a pa i r of a n i m a l s or a 

f a m i l y ? W o r s e , c o n s i d e r the m o u n d bu i l t by a c o l o n y of c o m p a s s te rmi tes , a 

t o m b s t o n e - s h a p e d s l ab , o n e o f a v i s t a o f s imi la r m o n o l i t h s a l l o r i en ted 

p r ec i s e ly n o r t h - s o u t h , a n d r i s ing to a h e i g h t tha t dwar f s its bu i lde r s as a 

m i l e - h i g h s k y s c r a p e r w o u l d d w a r f a m a n (von Fr i sch 1 9 7 5 ) . I t i s bu i l t by 

p e r h a p s a m i l l i o n t e rmi t e s , s e p a r a t e d by t ime in to cohor t s , l ike m e d i e v a l 

m a s o n s w h o c o u l d w o r k a l i fe t ime o n o n e c a t h e d r a l a n d n e v e r m e e t their 

c o l l e a g u e s tha t w o u l d c o m p l e t e it. A pa r t i s an of the i n d i v i d u a l as the uni t o f 

se l ec t ion m i g h t p a r d o n a b l y ask e x a c t l y whose e x t e n d e d p h e n o t y p e the te rmi te 

m o u n d i s s u p p o s e d to b e . 

I f this c o n s i d e r a t i o n seems t o c o m p l i c a t e the i d e a o f the e x t e n d e d 
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p h e n o t y p e b e y o n d al l r eason , I c a n o n l y p o i n t o u t t ha t e x a c t l y the s a m e 

p r o b l e m has a l w a y s ar i sen w i t h ' c o n v e n t i o n a l ' p h e n o t y p e s . W e a re 

t h o r o u g h l y a c c u s t o m e d to the i d e a tha t a g i v e n p h e n o t y p i c en t i t y , an o r g a n 

say, or a b e h a v i o u r p a t t e r n , i s i n f luenced by a l a r g e n u m b e r of g e n e s w h o s e 

effects in t e rac t i n a d d i t i v e o r m o r e c o m p l e x w a y s . H u m a n h e i g h t a t a g i v e n 

a g e i s affected b y g e n e s a t m a n y l o c i , i n t e r a c t i n g w i t h e a c h o t h e r a n d w i t h 

d i e t a ry a n d o t h e r e n v i r o n m e n t a l effects. T h e h e i g h t o f a t e r m i t e m o u n d a t a 

g i v e n m o u n d - a g e is, n o d o u b t , a l so c o n t r o l l e d b y m a n y e n v i r o n m e n t a l 

factors a n d m a n y g e n e s , a d d i n g to o r m o d i f y i n g e a c h o t h e r s ' effects. I t i s 

i n c i d e n t a l tha t in the case o f the t e rmi t e m o u n d the proximal t h e a t r e o f 

w i t h i n - b o d y g e n e effects h a p p e n s to be d i s t r i b u t e d a m o n g the cel ls o f a l a r g e 

n u m b e r o f w o r k e r bod i e s . 

I f w e are g o i n g t o w o r r y a b o u t p r o x i m a l effects, the g e n e s i n f l u e n c i n g m y 

he igh t a c t i n w a y s tha t a re d i s t r ibu ted a m o n g m a n y s e p a r a t e ce l l s . M y b o d y 

i s full o f genes , w h i c h h a p p e n t o b e i d e n t i c a l l y d i s t r i b u t e d a m o n g m y m a n y 

somat i c ce l ls . E a c h g e n e exer t s its effects a t the c e l l u l a r l e v e l , o n l y a m i n o r i t y 

o f genes exp re s s ing t h e m s e l v e s i n a n y o n e ce l l . T h e s u m m e d effects o f a l l 

these effects on ce l l s , t o g e t h e r w i t h s imi la r effects f rom the e n v i r o n m e n t , m a y 

be m e a s u r e d as my to ta l h e i g h t . S i m i l a r l y , a t e rmi t e m o u n d i s full o f g e n e s . 

T h e s e genes , t oo , a re d i s t r i bu t ed a m o n g the n u c l e i o f a l a r g e n u m b e r o f ce l l s . 

I t h a p p e n s tha t the cel ls a re no t c o n t a i n e d in q u i t e s u c h a c o m p a c t s ing le 

uni t a s the cel ls in my b o d y , b u t e v e n he re the d i f fe rence i s no t v e r y g r e a t . 

T e r m i t e s m o v e a r o u n d r e l a t i ve t o e a c h o t h e r m o r e t h a n h u m a n o r g a n s d o , 

bu t i t i s not u n k n o w n for h u m a n cel ls to t r ave l r a p i d l y a b o u t the b o d y in 

p u r s u a n c e o f their e r r ands , for i n s t ance p h a g o c y t e s h u n t i n g d o w n a n d 

engu l f ing m i c r o s c o p i c paras i t es . A m o r e i m p o r t a n t d i f fe rence (in the case of 

a t e rmi te m o u n d , t h o u g h no t in the case of a c o r a l r e e f b u i l t by a c l o n e of 

ind iv idua l s ) i s tha t the cel ls in the t e rmi t e m o u n d a re g a t h e r e d i n to 

g e n e t i c a l l y h e t e r o g e n e o u s p a c k a g e s : e a c h i n d i v i d u a l t e rmi t e i s a c l o n e o f 

cells but a different c l o n e from a l l o t h e r i n d i v i d u a l s in the nest . T h i s , h o w 

ever , i s o n l y a r e l a t i v e c o m p l i c a t i o n . F u n d a m e n t a l l y w h a t i s g o i n g on is t ha t 

genes , c o m p a r e d w i t h the i r a l le les , exe r t q u a n t i t a t i v e , m u t u a l l y i n t e r a c t i n g , 

m u t u a l l y m o d i f y i n g , effects on a sha red p h e n o t y p e , the m o u n d . T h e y do this 

p r o x i m a l l y b y c o n t r o l l i n g the c h e m i s t r y o f cel ls i n w o r k e r b o d i e s , a n d h e n c e 

w o r k e r b e h a v i o u r . T h e p r i n c i p l e i s the s a m e , w h e t h e r the ce l l s h a p p e n t o b e 

o r g a n i z e d in to o n e l a r g e h o m o g e n e o u s c l o n e , a s in the h u m a n b o d y , o r i n to a 

h e t e r o g e n e o u s c o l l e c t i o n of c lones , as in the t e rmi t e m o u n d . I p o s t p o n e un t i l 

la ter the c o m p l i c a t i n g p o i n t tha t a t e rmi t e b o d y i tse l f is a ' c o l o n y ' , w i t h a 

subs tan t ia l f rac t ion o f its g e n e t i c r ep l i ca to r s c o n t a i n e d in s y m b i o t i c p r o t o z o a 

o r b a c t e r i a . 

W h a t , then , w o u l d a g e n e t i c s o f t e rmi t e m o u n d s l ook l i k e ? S u p p o s e w e 

w e r e to do a p o p u l a t i o n s u r v e y o f c o m p a s s m o u n d s in the A u s t r a l i a n s t eppe , 

sco r ing a trai t such as c o l o u r , ba sa l l e n g t h / w i d t h r a t i o , or s o m e i n t e r n a l 
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s t ruc tu ra l f e a t u r e — f o r t e rmi t e m o u n d s a re l ike bod i e s w i t h a c o m p l e x 

' o r g a n ' s t ruc tu re . H o w c o u l d w e d o a g e n e t i c s t u d y o f such g r o u p -

m a n u f a c t u r e d p h e n o t y p e s ? W e n e e d no t h o p e t o f i n d n o r m a l M e n d e l i a n 

i n h e r i t a n c e w i t h s i m p l e d o m i n a n c e . A n o b v i o u s c o m p l i c a t i o n , a s a l r e a d y 

m e n t i o n e d , i s t h a t the g e n o t y p e s o f the i n d i v i d u a l s w o r k i n g o n a n y o n e 

m o u n d a re no t i d e n t i c a l . F o r mos t o f the life o f a n a v e r a g e c o l o n y , h o w e v e r , 

a l l the w o r k e r s a re full s ib l ings , the c h i l d r e n o f the p r i m a r y r o y a l pa i r o f 

a l a t e s w h o f o u n d e d the c o l o n y . L i k e thei r pa ren t s the w o r k e r s a re d i p l o i d . 

W e m a y p r e s u m e t h a t the k i n g ' s t w o sets o f genes a n d the q u e e n ' s t w o sets o f 

g e n e s a r e p e r m u t e d t h r o u g h o u t the s eve ra l m i l l i o n w o r k e r bod i e s . T h e 

' g e n o t y p e ' o f the a g g r e g a t e o f w o r k e r s m a y therefore be r e g a r d e d , i n a sense, 

as a s ingle tetraploid g e n o t y p e cons i s t ing of a l l the g e n e s w h i c h the o r ig ina l 

f o u n d i n g p a i r c o n t r i b u t e d . I t i s no t q u i t e as s i m p l e as tha t , for v a r i o u s 

reasons , for i n s t ance s e c o n d a r y r e p r o d u c t i v e s often arise in o l d e r co lon ie s a n d 

these m a y t a k e on the full r e p r o d u c t i v e role i f o n e o f the o r i g i n a l r o y a l pa i r 

d ies . T h i s m e a n s t h a t the w o r k e r s b u i l d i n g the la te r par t s o f a m o u n d m a y 

no t be full s ib l ings o f those tha t b e g a n the task, b u t the i r n e p h e w s a n d nieces 

( p r o b a b l y i n b r e d a n d r a t h e r u n i f o r m , i n c i d e n t a l l y — H a m i l t o n 1 9 7 2 ; B a r t z 

1 9 7 9 ) . T h e s e l a te r r e p r o d u c t i v e s still d r a w thei r g e n e s f rom the ' t e t r a p l o i d ' 

set i n t r o d u c e d by the o r i g i n a l r o y a l pa i r , bu t the i r p r o g e n y w i l l p e r m u t e a 

p a r t i c u l a r subse t o f those o r i g i n a l genes . O n e o f the th ings a ' m o u n d -

g e n e t i c i s t ' m i g h t l ook o u t for, t hen , i s a s u d d e n c h a n g e in de ta i l s o f m o u n d -

b u i l d i n g af ter r e p l a c e m e n t of a p r i m a r y r e p r o d u c t i v e by a s e c o n d a r y 

r e p r o d u c t i v e . 

I g n o r i n g the p r o b l e m i n t r o d u c e d b y s e c o n d a r y r e p r o d u c t i v e s , let u s 

conf ine o u r h y p o t h e t i c a l g e n e t i c s tudy t o y o u n g e r co lon i e s w h o s e w o r k e r s 

consis t e n t i r e l y o f full s ib l ings . S o m e c h a r a c t e r s i n w h i c h m o u n d s v a r y m a y 

tu rn o u t t o be l a r g e l y c o n t r o l l e d a t o n e locus , w h i l e o thers wi l l be 

p o l y g e n i c a l l y c o n t r o l l e d a t m a n y loc i . T h i s i s no different f rom o r d i n a r y 

d i p l o i d g e n e t i c s , b u t o u r n e w q u a s i - t e t r a p l o i d g e n e t i c s n o w i n t r o d u c e s some 

c o m p l i c a t i o n s . S u p p o s e the b e h a v i o u r a l m e c h a n i s m i n v o l v e d i n c h o o s i n g the 

c o l o u r o f the m u d used i n b u i l d i n g va r i e s g e n e t i c a l l y . ( A g a i n , c o l o u r i s 

c h o s e n for c o n t i n u i t y w i t h ea r l i e r t h o u g h t e x p e r i m e n t s , a l t h o u g h a g a i n i t 

w o u l d be m o r e rea l i s t ic to a v o i d a v i sua l t ra i t , s ince te rmi tes m a k e l i t t le use 

o f v i s ion . I f nece s sa ry , w e m a y suppose the c h o i c e t o b e m a d e c h e m i c a l l y , 

m u d c o l o u r b e i n g i n c i d e n t a l l y c o r r e l a t e d w i t h the c h e m i c a l cues . T h i s i s 

i n s t ruc t i ve , for i t a g a i n e m p h a s i z e s the fact t ha t o u r w a y of l a b e l l i n g a 

p h e n o t y p i c t ra i t i s a m a t t e r o f a r b i t r a r y c o n v e n i e n c e . ) F o r s imp l i c i t y , assume 

tha t m u d c h o i c e i s i n f l u e n c e d b y the d i p l o i d g e n o t y p e o f the i n d i v i d u a l 

w o r k e r d o i n g the c h o o s i n g , i n a s i m p l e o n e locus M e n d e l i a n fashion w i t h 

c h o i c e o f d a r k m u d d o m i n a n t o v e r c h o i c e o f l igh t m u d . T h e n a m o u n d bui l t 

by a c o l o n y c o n t a i n i n g s o m e d a r k - p r e f e r r i n g w o r k e r s a n d s o m e l igh t 

p re fe r r ing w o r k e r s w i l l consis t o f a m i x t u r e o f d a r k a n d l igh t m u d s a n d wi l l 
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p r e s u m a b l y b e i n t e r m e d i a t e i n o v e r a l l c o l o u r . O f cou r se s u c h s i m p l e g e n e t i c 

a ssumpt ions a re h i g h l y i m p r o b a b l e . T h e y a re e q u i v a l e n t t o the s i m p l i f y i n g 

assumpt ions w e o r d i n a r i l y m a k e w h e n e x p l a i n i n g e l e m e n t a r y c o n v e n t i o n a l 

gene t i c s , a n d I m a k e t h e m he re t o e x p l a i n a n a l o g o u s l y the p r i n c i p l e s o f h o w 

a sc i ence o f ' e x t e n d e d g e n e t i c s ' m i g h t w o r k . 

U s i n g these a s sumpt ions , t hen , w e c a n w r i t e d o w n the e x p e c t e d e x t e n d e d 

p h e n o t y p e s , c o n s i d e r i n g m u d c o l o u r o n l y , r e su l t i ng f rom crosses b e t w e e n the 

va r ious poss ible f o u n d i n g pa i r g e n o t y p e s . F o r i n s t ance , a l l c o l o n i e s f o u n d e d 

by a h e t e r o z y g o u s k i n g a n d a h e t e r o z y g o u s q u e e n w i l l c o n t a i n d a r k - b u i l d i n g 

a n d l i g h t - b u i l d i n g w o r k e r s i n the r a t io 3 : 1 . T h e r e su l t i ng e x t e n d e d 

p h e n o t y p e w i l l b e a m o u n d b u i l t o f three par ts d a r k m u d a n d o n e p a r t l i gh t 

m u d , therefore n e a r l y , b u t no t c o m p l e t e l y , d a r k i n c o l o u r . I f c h o i c e o f m u d 

c o l o u r i s i n f luenced b y p o l y g e n e s a t m a n y l o c i , the ' t e t r a p l o i d g e n o t y p e ' o f 

the c o l o n y m a y b e e x p e c t e d t o i n f luence the e x t e n d e d p h e n o t y p e , p e r h a p s i n 

an a d d i t i v e w a y . T h e c o l o n y ' s i m m e n s e s ize w i l l l e a d to its a c t i n g a s a 

s tat is t ical a v e r a g i n g d e v i c e , m a k i n g the m o u n d a s a w h o l e b e c o m e the 

e x t e n d e d p h e n o t y p i c express ion o f the g e n e s o f the r o y a l pa i r , m a n i f e s t e d v i a 

the b e h a v i o u r o f s eve ra l m i l l i o n w o r k e r s e a c h c o n t a i n i n g a d i f ferent d i p l o i d 

s a m p l e o f those genes . 

M u d c o l o u r w a s a n easy c h a r a c t e r for u s t o c h o o s e , b e c a u s e m u d i t se l f 

b lends i n a s imp le a d d i t i v e m a n n e r : m i x d a r k a n d l igh t m u d , a n d y o u ge t 

k h a k i m u d . I t w a s therefore easy for us to d e d u c e the resul t o f a s s u m i n g tha t 

e ach w o r k e r goes its o w n w a y , c h o o s i n g m u d o f its o w n p re fe r r ed c o l o u r (or 

c h e m i c a l a s soc ia ted w i t h c o l o u r ) , a s d e t e r m i n e d b y its o w n d i p l o i d g e n o t y p e . 

Bu t w h a t c a n w e say a b o u t a cha rac t e r i s t i c o f o v e r a l l m o u n d m o r p h o l o g y , 

say basa l w i d t h / l e n g t h r a t i o ? In itself, this i s no t a c h a r a c t e r t ha t a n y s ing le 

w o r k e r c a n d e t e r m i n e . E a c h s ing le w o r k e r m u s t b e o b e y i n g b e h a v i o u r a l 

rules , the resul t o f w h i c h , s u m m e d o v e r t h o u s a n d s o f i n d i v i d u a l s , i s the 

p r o d u c t i o n o f a m o u n d o f r e g u l a r s h a p e a n d s ta ted d i m e n s i o n s . O n c e a g a i n , 

the diff icul ty i s o n e w e h a v e m e t be fore , i n the e m b r y o n i c d e v e l o p m e n t o f a n 

o r d i n a r y d ip lo id m u l t i c e l l u l a r b o d y . E m b r y o l o g i s t s a re still w r e s t l i n g w i t h 

p r o b l e m s o f this k ind , a n d v e r y f o r m i d a b l e t h e y a re . T h e r e d o a p p e a r t o b e 

some close a n a l o g i e s w i t h t e rmi t e m o u n d d e v e l o p m e n t . F o r i n s t ance , 

c o n v e n t i o n a l e m b r y o l o g i s t s f r e q u e n t l y a p p e a l t o the c o n c e p t o f the c h e m i c a l 

g r ad i en t , w h i l e in Macrotermes t he re i s e v i d e n c e tha t the s h a p e a n d s ize of the 

roya l ce l l i s d e t e r m i n e d by a p h e r o m o n a l g r a d i e n t a r o u n d the b o d y o f the 

q u e e n ( B r u i n s m a & L e u t h o l d 1 9 7 7 ) . E a c h ce l l i n a d e v e l o p i n g e m b r y o 

b e h a v e s as i f i t ' k n o w s ' w h e r e i t i s in the b o d y , a n d i t g r o w s to h a v e a fo rm 

a n d p h y s i o l o g y a p p r o p r i a t e t o tha t p a r t o f the b o d y ( W o l p e r t 1 9 7 0 ) . 

S o m e t i m e s the effects of a m u t a t i o n a re easy to i n t e rp re t a t the c e l l u l a r l e v e l . 

F o r ins tance , a m u t a t i o n tha t affects skin p i g m e n t a t i o n has a r a t h e r o b v i o u s 

loca l effect on e a c h skin ce l l . B u t o the r m u t a t i o n s affect c o m p l e x c h a r a c t e r s 

i n dras t ic w a y s . W e l l - k n o w n e x a m p l e s a re the ' h o m e o t i c ' m u t a n t s o f 
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Drosophila, s uch as the o n e tha t g r o w s a c o m p l e t e a n d w e l l - f o r m e d l eg in the 

socke t w h e r e an a n t e n n a o u g h t to be . F o r a c h a n g e in o n e s ingle g e n e to 

w r e a k such a ma jo r , y e t o r d e r l y , c h a n g e in the p h e n o t y p e , i t mus t m a k e its 

les ion r a t h e r h i g h in a h i e r a r c h i c a l c h a i n o f c o m m a n d . By a n a l o g y , i f a s ingle 

i n f a n t r y m a n goes off his h e a d he a l o n e runs a m o k ; b u t i f a g e n e r a l loses his 

r eason an en t i r e a r m y b e h a v e s c r a z i l y on a g r a n d s c a l e — i n v a d e s an a l ly 

ins t ead o f an e n e m y , s a y — w h i l e e a c h i n d i v i d u a l so ld ie r i n tha t a r m y i s 

o b e y i n g o rde r s n o r m a l l y a n d sens ib ly , a n d his i n d i v i d u a l b e h a v i o u r a s h e 

pu t s o n e foot in front o f the o t h e r w i l l be i n d i s t i n g u i s h a b l e from that o f a 

so ld ie r in an a r m y w i t h a s ane g e n e r a l . 

P r e s u m a b l y an i n d i v i d u a l t e rmi t e w o r k i n g on a l i t t le c o r n e r o f a b i g 

m o u n d is in a s imi l a r pos i t ion to a ce l l in a d e v e l o p i n g e m b r y o , or a s ingle 

so ld ie r t i re less ly o b e y i n g o rders w h o s e p u r p o s e in the l a rge r s c h e m e o f th ings 

he does no t u n d e r s t a n d . N o w h e r e in the s ing le t e rmi t e ' s n e r v o u s sys tem i s 

the re a n y t h i n g r e m o t e l y e q u i v a l e n t t o a c o m p l e t e i m a g e o f w h a t the f inished 

m o u n d w i l l l o o k l ike ( W i l s o n 1 9 7 1 , p . 228) . E a c h w o r k e r i s e q u i p p e d w i t h a 

s m a l l too lk i t o f b e h a v i o u r a l ru les , a n d he / she i s p r o b a b l y s t i m u l a t e d to 

c h o o s e a n i t e m o f b e h a v i o u r b y l o c a l s t imul i e m a n a t i n g from the w o r k 

a l r e a d y a c c o m p l i s h e d , n o m a t t e r w h e t h e r h e / s h e o r o t h e r w o r k e r s 

a c c o m p l i s h e d i t — s t i m u l i e m a n a t i n g f rom the p resen t s ta te o f the nest in the 

w o r k e r ' s i m m e d i a t e v i c i n i t y ( ' s t i g m e r g i e ' , G r a s s e 1 9 5 9 ) . F o r m y purposes i t 

d o e s n ' t m a t t e r e x a c t l y w h a t the b e h a v i o u r a l rules a r e , b u t t hey w o u l d b e 

s o m e t h i n g l i k e : ' I f y o u c o m e u p o n a h e a p o f m u d w i t h a c e r t a i n p h e r o m o n e 

o n it , p u t a n o t h e r d o l l o p o f m u d o n the t o p . ' T h e i m p o r t a n t po in t a b o u t such 

rules i s tha t t h e y h a v e a p u r e l y l o c a l effect. T h e g r a n d des ign o f the w h o l e 

m o u n d e m e r g e s o n l y a s the s u m m e d c o n s e q u e n c e s o f t h o u s a n d s o f o b e y i n g s 

o f m i c r o - r u l e s ( H a n s e l l in press ) . P a r t i c u l a r in teres t a t t a c h e s to the loca l 

ru les t ha t a r e r e spons ib l e for d e t e r m i n i n g g l o b a l p rope r t i e s such as the base 

l e n g t h o f the c o m p a s s m o u n d . H o w d o the i n d i v i d u a l w o r k e r s o n the g r o u n d 

' k n o w ' t ha t t h e y h a v e r e a c h e d the b o u n d a r y o f the g r o u n d p l a n ? P e r h a p s i n 

s o m e t h i n g l ike the s a m e w a y as the cel ls a t the b o u n d a r y o f a l ive r ' k n o w ' 

tha t t hey a r e no t i n the m i d d l e o f the l iver . In a n y case , w h a t e v e r the loca l 

b e h a v i o u r a l ru les m a y be tha t d e t e r m i n e the o v e r a l l s h a p e a n d size o f a 

t e rmi t e m o u n d , t h e y a r e p r e s u m a b l y sub jec t t o g e n e t i c v a r i a t i o n i n the 

p o p u l a t i o n a t l a r g e . I t i s en t i r e ly p l a u s i b l e , i n d e e d a l m o s t i n e v i t a b l e , tha t 

b o t h the s h a p e a n d s ize o f c o m p a s s t e rmi t e m o u n d s h a v e e v o l v e d b y na tu ra l 

s e l ec t i on , j u s t l ike a n y fea tu re o f b o d i l y m o r p h o l o g y . T h i s c a n o n l y h a v e 

c o m e a b o u t t h r o u g h the se lec t ion o f m u t a t i o n s a c t i n g a t the l o c a l l eve l o n the 

b u i l d i n g b e h a v i o u r o f i n d i v i d u a l w o r k e r t e rmi tes . 

N o w o u r s p e c i a l p r o b l e m arises, w h i c h w o u l d no t ar ise i n the o r d i n a r y 

e m b r y o g e n e s i s o f a m u l t i c e l l u l a r b o d y , no r i n the e x a m p l e o f m i x i n g l igh t 

a n d d a r k m u d s . U n l i k e the cel ls o f a m u l t i c e l l u l a r b o d y , the w o r k e r s are not 
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g e n e t i c a l l y i d e n t i c a l . I n the e x a m p l e o f the d a r k a n d l i g h t m u d , i t w a s easy 

to suppose tha t a g e n e t i c a l l y h e t e r o g e n e o u s w o r k - f o r c e w o u l d s i m p l y 

cons t ruc t a m o u n d o f m i x e d m u d . B u t a w o r k - f o r c e w h i c h w a s g e n e t i c a l l y 

h e t e r o g e n e o u s w i t h r e spec t t o o n e o f the b e h a v i o u r a l ru les t h a t af fec ted 

o v e r a l l m o u n d s h a p e m i g h t p r o d u c e c u r i o u s resul ts . B y a n a l o g y w i t h o u r 

s imple M e n d e l i a n m o d e l o f m u d se lec t ion , a c o l o n y m i g h t c o n t a i n w o r k e r s 

f a v o u r i n g t w o different ru les for d e t e r m i n i n g the b o u n d a r y o f the m o u n d , say 

in the r a t io th ree to o n e . I t i s p l e a s i n g to i m a g i n e tha t s u c h a b i m o d a l c o l o n y 

m i g h t p r o d u c e a m o u n d w i t h a s t r a n g e d o u b l e w a l l a n d a m o a t b e t w e e n ! 

M o r e p r o b a b l y , the ru les o b e y e d b y i n d i v i d u a l s w o u l d i n c l u d e p r o v i s i o n for 

the m i n o r i t y to a l l o w themse lve s to be o v e r r u l e d by m a j o r i t y dec i s ions , so 

tha t o n l y o n e c l e a n - c u t w a l l w o u l d e m e r g e . T h i s c o u l d w o r k i n a s i m i l a r w a y 

to the ' d e m o c r a t i c ' c h o i c e o f a n e w nest site in h o n e y b e e s w a r m s , o b s e r v e d 

b y L i n d a u e r ( 1 9 6 1 ) . 

S c o u t bees l e a v e the s w a r m h a n g i n g in a t ree , a n d p r o s p e c t for s u i t a b l e 

n e w p e r m a n e n t sites such a s h o l l o w trees. E a c h s cou t re tu rns a n d d a n c e s o n 

the surface o f the s w a r m , u s i n g the w e l l - k n o w n v o n F r i s c h c o d e t o i n d i c a t e 

the d i r ec t i on a n d d i s t ance o f the p r o s p e c t i v e site t h a t she has j u s t 

i nves t i ga t ed . T h e ' v i g o u r ' o f the d a n c e i n d i c a t e s t he i n d i v i d u a l s cou t ' s 

assessment o f the v i r tues o f the si te. N e w bees a re r e c r u i t e d t o g o o u t a n d 

e x a m i n e i t for t hemse lves , a n d i f t hey ' a p p r o v e ' t h e y too d a n c e ' in its f a v o u r ' 

on r e t u r n i n g . A f t e r s o m e hours , then , the scouts h a v e f o r m e d t h e m s e l v e s in to 

a few 'pa r t i e s ' , e a c h o n e ' a d v o c a t i n g ' a different nest s i te . F i n a l l y , m i n o r i t y 

' op in ions ' b e c o m e e v e n s m a l l e r minor i t i e s , a s a l l e g i a n c e s a r e t rans fe r red to 

ma jo r i t y d a n c e s . W h e n a n o v e r w h e l m i n g m a j o r i t y has b e e n a c h i e v e d for o n e 

site, the w h o l e s w a r m takes off a n d flies the re to set up h o m e . 

L i n d a u e r o b s e r v e d this p r o c e d u r e for n i n e t e e n di f ferent s w a r m s , a n d in 

o n l y t w o of these cases w a s a consensus no t soon r e a c h e d . I q u o t e his a c c o u n t 

o f o n e o f these : 

I n the first case t w o g r o u p s o f messengers h a d g o t i n to c o m p e t i t i o n ; 

o n e g r o u p a n n o u n c e d a nes t i ng p l a c e to the n o r t h w e s t , the o t h e r to 

the no r theas t . N e i t h e r o f the t w o w i s h e d t o y i e l d . T h e s w a r m t h e n 

f inal ly f lew off a n d I c o u l d s c a r c e l y b e l i e v e my e y e s — i t s o u g h t to 

d i v i d e itself. T h e o n e h a l f w a n t e d to f l y t o the n o r t h w e s t , the o t h e r t o 

the nor theas t . A p p a r e n t l y e a c h g r o u p o f s c o u t i n g bees w a n t e d t o 

a b d u c t the s w a r m t o the nes t i ng p l a c e o f its o w n c h o i c e . B u t tha t w a s 

n a t u r a l l y not poss ib le , for o n e g r o u p w a s a l w a y s w i t h o u t the q u e e n , 

a n d there resu l ted a r e m a r k a b l e t u g o f w a r in the a i r , o n c e 100 me te r s 

to the n o r t h w e s t , then a g a i n 150 me te r s to the no r theas t , un t i l f ina l ly 

after h a l f an h o u r the s w a r m g a t h e r e d t o g e t h e r a t the o ld l o c a t i o n . 

I m m e d i a t e l y b o t h g r o u p s b e g a n a g a i n w i t h the i r so l i c i t i ng d a n c e s , 
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a n d i t w a s no t un t i l t he n e x t d a y tha t the no r theas t g r o u p f inal ly 

y i e l d e d ; t h e y e n d e d the i r d a n c e a n d thus a n a g r e e m e n t w a s r e a c h e d 

o n the n e s t i n g p l a c e i n the n o r t h w e s t [ L i n d a u e r 1 9 6 1 , p . 4 3 ] . 

T h e r e i s n o s u g g e s t i o n h e r e t ha t the t w o s u b g r o u p s o f bees w e r e g e n e t i c a l l y 

di f ferent , t h o u g h they m a y h a v e b e e n . W h a t ma t t e r s for the po in t I a m 

m a k i n g i s t ha t e a c h i n d i v i d u a l fo l lows l o c a l b e h a v i o u r a l rules , the c o m b i n e d 

effect o f w h i c h n o r m a l l y g i v e s rise t o c o o r d i n a t e d s w a r m b e h a v i o u r . T h e s e 

e v i d e n t l y i n c l u d e ru les for r e s o l v i n g ' d i spu te s ' i n f a v o u r o f the ma jo r i ty . 

D i s a g r e e m e n t s o v e r the p re fe r red l o c a t i o n for the o u t e r w a l l o f a t e rmi te 

m o u n d m i g h t be j u s t a s ser ious for c o l o n y s u r v i v a l a s d i s a g r e e m e n t o v e r 

n e s t i n g sites a m o n g L i n d a u e r ' s bees ( c o l o n y s u r v i v a l ma t t e r s , b e c a u s e o f its 

effects on the s u r v i v a l o f the g e n e s c a u s i n g i n d i v i d u a l s t o reso lve d i spu tes ) . As 

a w o r k i n g h y p o t h e s i s we m i g h t e x p e c t tha t d i spu tes r esu l t ing from gene t i c 

h e t e r o g e n e i t y i n t e rmi tes w o u l d be r e so lved by s imi la r ru les . I n this w a y the 

e x t e n d e d p h e n o t y p e c o u l d t ake up a d i sc re te a n d r e g u l a r s h a p e , desp i te 

b e i n g b u i l t b y g e n e t i c a l l y h e t e r o g e n e o u s w o r k e r s . 

T h e a n a l y s i s o f a r t e fac t s g i v e n i n this c h a p t e r seems , a t f i r s t s ight , 

v u l n e r a b l e to reductio ad absurdum. I sn ' t the re a sense, it m a y be asked , in 

w h i c h e v e r y effect tha t an a n i m a l has u p o n the w o r l d i s an e x t e n d e d 

p h e n o t y p e ? W h a t a b o u t the foo tpr in t s left i n the m u d b y a n o y s t e r c a t c h e r , 

the p a t h s w o r n t h r o u g h the grass by s h e e p , the l u x u r i a n t tussock tha t ma rks 

the site of a last y e a r ' s c o w p a t ? A p i g e o n ' s nest is an a r te fac t w i t h o u t a 

d o u b t , b u t i n g a t h e r i n g the s t icks the b i rd a l so c h a n g e s the a p p e a r a n c e o f the 

g r o u n d w h e r e t h e y h a d l a in . I f the nest i s c a l l e d e x t e n d e d p h e n o t y p e , w h y 

s h o u l d n ' t we so c a l l the b a r e p a t c h o f g r o u n d w h e r e the st icks used t o l ie? 

T o a n s w e r this w e m u s t r e c a l l the f u n d a m e n t a l reason w h y w e a re 

in te res ted i n the p h e n o t y p i c expres s ion o f g e n e s i n the f i r s t p l a c e . O f al l the 

m a n y poss ib le r easons , the o n e w h i c h c o n c e r n s us in this b o o k i s as fo l lows. 

W e a r e f u n d a m e n t a l l y in te res ted i n n a t u r a l se l ec t ion , therefore i n the 

d i f ferent ia l s u r v i v a l o f r e p l i c a t i n g ent i t ies such a s genes . G e n e s a re f avoured 

or d i s f a v o u r e d r e l a t i v e to the i r a l le les as a c o n s e q u e n c e of the i r p h e n o t y p i c 

effects u p o n the w o r l d . S o m e o f these p h e n o t y p i c effects m a y b e i n c i d e n t a l 

c o n s e q u e n c e s o f o the r s , a n d h a v e n o b e a r i n g o n the s u r v i v a l c h a n c e s , o n e 

w a y o r the o the r , o f the g e n e s c o n c e r n e d . A g e n e t i c m u t a t i o n tha t c h a n g e s 

the s h a p e o f an o y s t e r c a t c h e r ' s foot w i l l doub t l e s s t h e r e b y in f luence the 

o y s t e r c a t c h e r ' s success in p r o p a g a t i n g it. I t m a y , for i n s t ance , s l igh t ly r e d u c e 

the b i r d ' s risk o f s i n k i n g in to m u d , w h i l e a t the s a m e t ime i t s l igh t ly s lows 

h i m d o w n w h e n he i s r u n n i n g on firm g r o u n d . S u c h effects a re l ike ly t o be o f 

d i r e c t r e l e v a n c e t o n a t u r a l s e l ec t ion . B u t the m u t a t i o n w i l l a lso h a v e a n 

effect on the s h a p e o f the foo tpr in t s left b e h i n d in the m u d — a r g u a b l y an 

e x t e n d e d p h e n o t y p i c effect . If, as i s pe r fec t ly l i ke ly , this has no in f luence on 

the success o f the g e n e c o n c e r n e d ( W i l l i a m s 1966 , p p . 1 2 - 1 3 ) , i t i s o f n o 
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interest to the s tuden t o f n a t u r a l se l ec t ion , a n d the re i s no p o i n t in b o t h e r i n g 

to discuss i t u n d e r the h e a d i n g o f the e x t e n d e d p h e n o t y p e , t h o u g h i t w o u l d 

be f o r m a l l y c o r r e c t to do so. If, on the o t h e r h a n d , the c h a n g e d foo tp r in t d i d 

in f luence s u r v i v a l o f the o y s t e r c a t c h e r , say by m a k i n g i t h a r d e r for p r e d a t o r s 

to t r ack the b i rd , I w o u l d w a n t to r e g a r d i t a s p a r t o f the e x t e n d e d 

p h e n o t y p e o f the g e n e . P h e n o t y p i c effects o f g e n e s , w h e t h e r a t the l e v e l o f 

i n t r ace l lu l a r b i o c h e m i s t r y , gross b o d i l y m o r p h o l o g y o r e x t e n d e d p h e n o t y p e , 

a re p o t e n t i a l l y d e v i c e s b y w h i c h g e n e s l e v e r t h e m s e l v e s i n to t he n e x t 

g e n e r a t i o n , o r bar r ie r s to the i r d o i n g so. I n c i d e n t a l s ide-effects a r e no t 

a l w a y s effect ive a s tools o r ba r r i e r s , a n d we do no t b o t h e r t o r e g a r d t h e m 

as p h e n o t y p i c express ions o f g e n e s , e i ther a t the c o n v e n t i o n a l o r the 

e x t e n d e d p h e n o t y p e l e v e l . 

I t i s u n f o r t u n a t e tha t this c h a p t e r has h a d to be r a t h e r h y p o t h e t i c a l . T h e r e 

h a v e been o n l y a few s tudies o f the g e n e t i c s o f b u i l d i n g b e h a v i o u r i n a n y 

a n i m a l (e .g . D i l g e r 1962 ) , b u t the re i s no r eason to t h ink tha t ' a r t e fac t 

g e n e t i c s ' w i l l b e a n y different , i n p r i n c i p l e , f rom b e h a v i o u r g e n e t i c s 

g e n e r a l l y ( H a n s e l l i n press ) . T h e i d e a o f the e x t e n d e d p h e n o t y p e i s still 

sufficiently u n f a m i l i a r t ha t i t m i g h t no t i m m e d i a t e l y o c c u r to a gene t i c i s t to 

s tudy t e rmi t e m o u n d s as a p h e n o t y p e , e v e n i f i t w e r e p r a c t i c a l l y e a sy to do 

s o — a n d i t w o u l d n ' t b e easy . Y e t w e mus t a c k n o w l e d g e a t leas t the 

theore t i ca l v a l i d i t y o f such a b r a n c h o f g e n e t i c s i f we a re t o c o u n t e n a n c e the 

D a r w i n i a n e v o l u t i o n o f b e a v e r d a m s a n d t e rmi t e m o u n d s . A n d w h o c a n 

d o u b t that , i f t e rmi t e m o u n d s fossil ized p len t i fu l ly , w e w o u l d see g r a d e d 

e v o l u t i o n a r y series w i t h t rends a s s m o o t h (or a s p u n c t u a t e d ! ) a s a n y tha t we 

f i n d i n v e r t e b r a t e ske le ta l p a l a e o n t o l o g y ( S c h m i d t 1 9 5 5 ; H a n s e l l i n p ress )? 

P e r m i t me o n e fur ther s p e c u l a t i o n to l ead us in to the n e x t c h a p t e r . I h a v e 

spoken as i f the g e n e s inside a t e rmi t e m o u n d w e r e al l e n c l o s e d in the n u c l e i 

o f cells o f t e rmi t e bod ie s . T h e ' e m b r y o l o g i c a l ' forces b e a r i n g o n the e x t e n d e d 

p h e n o t y p e h a v e b e e n a s s u m e d t o o r i g i n a t e f rom the g e n e s o f i n d i v i d u a l 

termi tes . Y e t the c h a p t e r o n a r m s r aces a n d m a n i p u l a t i o n s h o u l d h a v e 

a le r ted u s t o a n o t h e r w a y o f l o o k i n g a t i t . I f a l l the D N A c o u l d b e d i s t i l l ed 

ou t o f a t e rmi t e m o u n d , p e r h a p s a s m u c h as o n e - q u a r t e r o f i t w o u l d no t h a v e 

o r i g i n a t e d f rom t e rmi t e n u c l e i a t a l l . S o m e such p r o p o r t i o n o f the b o d y 

w e i g h t o f e a c h i n d i v i d u a l t e rmi t e i s t y p i c a l l y m a d e u p o f s y m b i o t i c c e l l u lo se -

d iges t ing m i c r o o r g a n i s m s i n the g u t — f l a g e l l a t e s o r b a c t e r i a . T h e s y m b i o n t s 

are o b l i g a t e l y d e p e n d e n t o n the t e rmi tes , a n d the t e rmi t e s o n t h e m . T h e 

p r o x i m a l p h e n o t y p i c p o w e r o f the s y m b i o n t g e n e s i s e x e r t e d v i a p r o t e i n 

synthesis i n s y m b i o n t c y t o p l a s m . B u t j u s t a s t e rmi t e g e n e s r e a c h o u t b e y o n d 

the cells tha t enc lose t h e m a n d m a n i p u l a t e the d e v e l o p m e n t o f w h o l e t e r m i t e 

bodies a n d h e n c e o f the m o u n d , i s i t no t a l m o s t i n e v i t a b l e t h a t the s y m b i o n t 

genes w i l l h a v e b e e n se lec ted t o e x e r t p h e n o t y p i c p o w e r o n the i r 

s u r r o u n d i n g s ? A n d w i l l this no t i n c l u d e e x e r t i n g p h e n o t y p i c p o w e r o n 

te rmi te cel ls a n d h e n c e bod i e s , o n t e rmi t e b e h a v i o u r a n d e v e n t e rmi t e 
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m o u n d s ? A l o n g these l ines , c o u l d the e v o l u t i o n o f eusoc i a l i t y i n the I sop te ra 

b e e x p l a i n e d a s a n a d a p t a t i o n o f the m i c r o s c o p i c s y m b i o n t s r a the r t han o f the 

t e rmi tes t h e m s e l v e s ? 

T h i s c h a p t e r has e x p l o r e d the i d e a o f the e x t e n d e d p h e n o t y p e , first o f 

g e n e s in a s ing le i n d i v i d u a l , t hen of g e n e s from different bu t c lose ly re la ted 

i n d i v i d u a l s , m e m b e r s o f a k i n - g r o u p . T h e log ic o f the a r g u m e n t n o w seems 

t o c o m p e l u s t o c o n t e m p l a t e the poss ib i l i ty o f an e x t e n d e d p h e n o t y p e ' s b e i n g 

j o i n t l y m a n i p u l a t e d , no t necessa r i ly c o o p e r a t i v e l y , b y genes from d i s tan t ly 

r e l a t ed i n d i v i d u a l s , i n d i v i d u a l s o f di f ferent spec ies , e v e n different k i n g d o m s . 

T h i s i s the d i r e c t i o n i n w h i c h o u r n e x t o u t w a r d s tep mus t t ake us. 
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L e t u s br ief ly t ake s tock o f w h e r e w e h a v e r e a c h e d i n o u r o u t w a r d 

m a r c h . T h e p h e n o t y p i c expres s ion o f a g e n e c a n e x t e n d o u t s i d e t he ce l l i n 

w h i c h the genes e x e r t the i r i m m e d i a t e b i o c h e m i c a l i n f l u e n c e , t o affect gross 

features o f a w h o l e m u l t i c e l l u l a r b o d y . T h i s i s c o m m o n p l a c e , a n d w e a r e 

c o n v e n t i o n a l l y used to the i d e a o f a g e n e ' s p h e n o t y p i c e x p r e s s i o n b e i n g 

e x t e n d e d this far . 

I n the p r e v i o u s c h a p t e r w e took the s m a l l fur ther s t ep o f e x t e n d i n g the 

p h e n o t y p e to a r te fac ts , b u i l t by i n d i v i d u a l b e h a v i o u r w h i c h i s s u b j e c t t o 

gene t i c v a r i a t i o n , for i n s t ance c a d d i s houses . N e x t w e s a w tha t a n e x t e n d e d 

p h e n o t y p e c a n b e bu i l t u n d e r the j o i n t i n f luence o f g e n e s i n m o r e t h a n o n e 

i n d i v i d u a l b o d y . B e a v e r d a m s a n d t e rmi t e m o u n d s a re c o l l e c t i v e l y b u i l t b y 

the b e h a v i o u r a l efforts o f m o r e t h a n o n e i n d i v i d u a l . A g e n e t i c m u t a t i o n in 

o n e i n d i v i d u a l b e a v e r c o u l d s h o w i tse l f i n p h e n o t y p i c c h a n g e i n t he s h a r e d 

ar tefac t . I f the p h e n o t y p i c c h a n g e i n the a r t e fac t h a d a n i n f l u e n c e o n the 

success o f r e p l i c a t i o n o f the n e w g e n e , n a t u r a l s e l ec t ion w o u l d ac t , p o s i t i v e l y 

o r n e g a t i v e l y , t o c h a n g e the p r o b a b i l i t y o f s imi l a r a r t e fac t s e x i s t i n g i n the 

future. T h e g e n e ' s e x t e n d e d p h e n o t y p i c effect, say a n i n c r e a s e i n the h e i g h t 

o f the d a m , affects its c h a n c e s o f s u r v i v a l in p r e c i s e l y the s a m e sense as in the 

case of a g e n e w i t h a n o r m a l p h e n o t y p i c effect, s u c h as an i n c r e a s e in the 

l eng th o f the ta i l . T h e fact tha t the d a m i s the s h a r e d p r o d u c t o f the b u i l d i n g 

b e h a v i o u r o f s eve ra l b e a v e r s does no t a l t e r the p r i n c i p l e : g e n e s t ha t t end t o 

m a k e b e a v e r s b u i l d h i g h d a m s w i l l t hemse lves , o n a v e r a g e , t e n d t o r e a p the 

benefits (or costs) o f h i g h d a m s , e v e n t h o u g h e v e r y d a m m a y b e j o i n t l y b u i l t 

b y seve ra l b e a v e r s . I f t w o b e a v e r s w o r k i n g o n the s a m e d a m h a v e dif ferent 

genes for d a m h e i g h t , the r e su l t ing e x t e n d e d p h e n o t y p e w i l l re f lec t the 

in t e rac t ion b e t w e e n the g e n e s , i n the s a m e w a y a s b o d i e s ref lec t g e n e 

in te rac t ions . T h e r e c o u l d b e e x t e n d e d g e n e t i c a n a l o g u e s o f epis tas is , o f 

modi f ie r genes , e v e n o f d o m i n a n c e a n d recess iveness . 

F i n a l l y , a t the end o f the c h a p t e r , we s a w tha t g e n e s ' s h a r i n g ' a g i v e n 

e x t e n d e d p h e n o t y p i c t ra i t m i g h t c o m e f rom different spec ies , e v e n dif ferent 
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p h y l a a n d dif ferent k i n g d o m s . T h i s c h a p t e r w i l l d e v e l o p t w o fur ther ideas . 

O n e i s t ha t p h e n o t y p e s tha t e x t e n d ou t s ide the b o d y d o no t h a v e t o b e 

i n a n i m a t e a r t e f ac t s : t h e y c a n t hemse lve s b e bu i l t o f l i v i n g tissue. T h e o the r 

i d e a i s t ha t w h e r e v e r the re a re ' s h a r e d ' g e n e t i c in f luences on an e x t e n d e d 

p h e n o t y p e , the s h a r e d in f luences m a y b e i n conf l i c t w i t h e a c h o the r ra the r 

t h a n c o o p e r a t i v e . T h e r e l a t i onsh ips w e shal l b e c o n c e r n e d w i t h are those o f 

pa ras i t e s a n d the i r hosts . I sha l l s h o w tha t i t i s l o g i c a l l y sensible to r e g a r d 

pa ra s i t e g e n e s a s h a v i n g p h e n o t y p i c express ion i n host bod i e s a n d b e h a v i o u r . 

T h e c a d d i s l a r v a r ides ins ide the s tone house tha t i t bu i l t . I t therefore 

seems a p p r o p r i a t e t o r e g a r d the house a s the ou t e r w a l l o f the g e n e v e h i c l e , 

the c a s i n g of the s u r v i v a l m a c h i n e . I t i s e v e n eas ier to r e g a r d the shell of a 

snai l a s p a r t o f the p h e n o t y p i c express ion o f snai l genes s ince , a l t h o u g h the 

shel l i s i n o r g a n i c a n d ' d e a d ' , its c h e m i c a l s u b s t a n c e w a s d i r e c t l y sec re ted by 

snai l ce l l s . V a r i a t i o n s in, say , shel l th ickness w o u l d be c a l l e d g e n e t i c i f genes 

i n sna i l ce l l s af fec ted she l l th ickness . O t h e r w i s e t hey w o u l d be ca l l ed 

' e n v i r o n m e n t a l ' . B u t t he re a re repor t s o f snai ls w i t h t r e m a t o d e paras i tes 

h a v i n g t h i c k e r shells t h a n u n p a r a s i t i z e d snails ( C h e n g 1 9 7 3 ) . F r o m the po in t 

o f v i e w o f snai l g e n e t i c s , this a spec t o f shel l v a r i a t i o n i s u n d e r ' e n v i r o n 

m e n t a l ' c o n t r o l — t h e f luke i s pa r t o f the e n v i r o n m e n t o f the s n a i l — b u t from 

the p o i n t o f v i e w o f f l uke g e n e t i c s i t m i g h t w e l l be u n d e r g e n e t i c c o n t r o l : i t 

m i g h t , i n d e e d , be an e v o l v e d a d a p t a t i o n o f the f luke . I t i s a d m i t t e d l y also 

poss ib le t ha t the t h i c k e n e d shel l is a p a t h o l o g i c a l response of the snai l , a du l l 

b y p r o d u c t of i n fec t ion . B u t let me e x p l o r e the poss ib i l i ty tha t i t i s a fluke 

a d a p t a t i o n , b e c a u s e i t i s an in t e re s t ing i d e a to use in fur ther d iscuss ion. 

I f w e c o n s i d e r snai l shel l v a r i a t i o n as, i n pa r t , p h e n o t y p i c express ion o f 

snai l g e n e s , w e m i g h t r e c o g n i z e a n o p t i m u m shel l th ickness i n the f o l l o w i n g 

sense. S e l e c t i o n p r e s u m a b l y p e n a l i z e s snai l genes tha t m a k e shells too th ick , 

a s w e l l a s those tha t m a k e shells too th in . T h i n shells p r o v i d e i n a d e q u a t e 

p r o t e c t i o n . G e n e s for t oo - th in shells therefore e n d a n g e r the i r g e r m - l i n e 

cop i e s , w h i c h a re thus no t f a v o u r e d b y n a t u r a l se lec t ion . She l l s tha t a re too 

t h i c k p r e s u m a b l y p r o t e c t the i r snai ls ( and the enc losed g e r m - l i n e genes for 

e x t r a th ickness ) s u p e r l a t i v e l y , b u t the e x t r a cost o f m a k i n g a th ick shell 

d e t r a c t s f rom the sna i l ' s success i n s o m e o the r w a y . I n the e c o n o m y o f the 

b o d y , r e sources t ha t a r e c o n s u m e d in m a k i n g e x t r a - t h i c k shells , a n d i n 

c a r r y i n g the e x t r a w e i g h t a r o u n d , m i g h t be t t e r h a v e b e e n d i v e r t e d into 

m a k i n g , s ay , l a r g e r g o n a d s . C o n t i n u i n g w i t h the h y p o t h e t i c a l e x a m p l e , 

the re fore , g e n e s for e x t r a - t h i c k shells w i l l t end to i n d u c e in the i r bod ies some 

c o m p e n s a t i n g d i s a d v a n t a g e such a s r e l a t i v e l y sma l l g o n a d s , a n d t hey w i l l 

the re fore n o t be passed on to the n e x t g e n e r a t i o n so ef fec t ive ly . E v e n i f there 

is, in fac t , no t r ade -o f f b e t w e e n shel l th ickness a n d g o n a d s ize , there i s b o u n d 

to be s o m e k i n d o f a n a l o g o u s trade-off, a n d a c o m p r o m i s e w i l l be r e a c h e d a t 

an i n t e r m e d i a t e th i ckness . G e n e s tha t t end to m a k e snai l shells e i ther too 

th i ck o r t o o th in w i l l no t p r o s p e r i n the snai l g e n e p o o l . 
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B u t this w h o l e a r g u m e n t p r e supposes t h a t the o n l y g e n e s t ha t h a v e p o w e r 

o v e r v a r i a t i o n i n shel l th ickness a re snai l g e n e s . W h a t i f s o m e o f the c a u s a l 

factors tha t a re , b y def in i t ion , e n v i r o n m e n t a l f rom the sna i l ' s p o i n t o f v i e w , 

turn o u t t o b e g e n e t i c f rom s o m e o t h e r p o i n t o f v i e w , s a y t h a t o f the f l u k e ? 

S u p p o s e w e a d o p t the s u g g e s t i o n m a d e a b o v e t h a t s o m e f l u k e g e n e s a r e 

c a p a b l e , t h r o u g h a n in f luence o n snai l p h y s i o l o g y , o f e x e r t i n g a n effect o n 

snail shell th ickness . I f shel l th ickness in f luences the r e p l i c a t i o n success o f 

such f luke g e n e s , n a t u r a l se l ec t ion i s b o u n d to w o r k on the i r f r e q u e n c i e s 

r e l a t ive to the i r a l le les in the f luke g e n e - p o o l . C h a n g e s in snai l shel l th ickness 

m a y be r e g a r d e d , then , a t leas t i n pa r t , a s p o t e n t i a l a d a p t a t i o n s for the 

benefi t o f f luke genes . 

N o w , the o p t i m u m shel l th ickness f rom the p o i n t o f v i e w o f the f l u k e g e n e s 

i s h a r d l y l ike ly to be the s a m e as the o p t i m u m f rom the p o i n t o f v i e w o f snai l 

genes . F o r in s t ance , snai l g e n e s w i l l be s e l ec t ed for the i r b e n e f i c i a l effects on 

snail r e p r o d u c t i o n a s w e l l a s snai l s u r v i v a l , b u t ( e x c e p t u n d e r s p e c i a l 

c i r c u m s t a n c e s w h i c h w e sha l l c o m e o n to) f l u k e g e n e s m a y v a l u e sna i l 

su rv iva l b u t t hey w i l l no t v a l u e snai l r e p r o d u c t i o n a t a l l . I n the i n e v i t a b l e 

t rade-of f b e t w e e n the d e m a n d s o f snai l s u r v i v a l a n d snai l r e p r o d u c t i o n , 

therefore , snai l genes w i l l b e se lec ted t o p r o d u c e a n o p t i m a l c o m p r o m i s e , 

w h i l e f luke genes wi l l be se lec ted to d e v a l u e snai l r e p r o d u c t i o n to t he 

a d v a n t a g e o f snai l s u r v i v a l , a n d h e n c e to t h i c k e n the she l l . A t h i c k e n i n g o f 

the shell in p a r a s i t i z e d snai ls is, i t w i l l be r e m e m b e r e d , t he o b s e r v e d 

p h e n o m e n o n w i t h w h i c h w e b e g a n . 

I t m a y be o b j e c t e d he re tha t , a l t h o u g h a f luke has no d i r e c t s t ake in the 

r e p r o d u c t i o n of its o w n snai l host , i t does h a v e a s t ake in t he re b e i n g a n e w 

g e n e r a t i o n o f snails a t l a r g e . T h i s i s t rue , b u t we m u s t be v e r y ca re fu l before 

we use the fact t o p r e d i c t t ha t se l ec t ion w o u l d f a v o u r f l uke a d a p t a t i o n s t o 

e n h a n c e snai l r e p r o d u c t i o n . T h e q u e s t i o n w e h a v e t o ask i s this . G i v e n tha t 

the f l u k e g e n e - p o o l w a s d o m i n a t e d b y g e n e s t h a t a i d e d snai l r e p r o d u c t i o n a t 

the expense of snai l s u r v i v a l , w o u l d se lec t ion f a v o u r a selfish f luke g e n e tha t 

sacr i f iced the r e p r o d u c t i o n o f its p a r t i c u l a r snai l host , e v e n p a r a s i t i c a l l y 

cas t ra ted the snai l , i n the in teres t o f p r o l o n g i n g the life o f t ha t hos t , a n d 

h e n c e o f p r o m o t i n g its o w n s u r v i v a l a n d r e p r o d u c t i o n ? E x c e p t u n d e r spec i a l 

c i r c u m s t a n c e s the a n s w e r i s su re ly y e s ; such a r a r e g e n e w o u l d i n v a d e the 

f l uke g e n e - p o o l , s ince i t c o u l d e x p l o i t the free s u p p l y o f n e w snai ls 

e n c o u r a g e d b y the pub l i c - sp i r i t ed m a j o r i t y o f the f l u k e p o p u l a t i o n . I n o t h e r 

words , f a v o u r i n g snai l r e p r o d u c t i o n a t the e x p e n s e o f sna i l s u r v i v a l w o u l d 

not be a f luke E S S . F l u k e g e n e s tha t m a n a g e to shift the sna i l ' s i n v e s t m e n t o f 

resources a w a y f rom r e p r o d u c t i o n a n d i n to s u r v i v a l w i l l t end t o b e f a v o u r e d 

in the f luke g e n e - p o o l . I t i s en t i r e ly p l a u s i b l e , t he re fo re , t ha t the e x t r a 

th ickness of shells o b s e r v e d in p a r a s i t i z e d snai ls is a f luke a d a p t a t i o n . 

On this hypo the s i s , the shel l p h e n o t y p e i s a s h a r e d p h e n o t y p e , i n f l u e n c e d 

by f luke genes as w e l l as by snai l genes , j u s t as the b e a v e r d a m is a p h e n o t y p e 
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sha red b y g e n e s i n m o r e t h a n o n e i n d i v i d u a l b e a v e r . A c c o r d i n g t o the 

h y p o t h e s i s , the re a re t w o o p t i m u m thicknesses o f snai l she l l s : a r e l a t i ve ly 

th i ck f luke o p t i m u m , a n d a s o m e w h a t t h inne r snai l o p t i m u m . T h e obse rved 

th ickness i n p a r a s i t i z e d snails w i l l p r o b a b l y be s o m e w h e r e b e t w e e n the t w o 

o p t i m a , s ince sna i l g e n e s a n d f luke g e n e s a re b o t h in a pos i t ion to exer t 

p o w e r , a n d t h e y a r e e x e r t i n g thei r p o w e r i n o p p o s i t e d i r ec t ions . 

As for paras i te - f ree snai ls , i t m i g h t be e x p e c t e d tha t the i r shells w o u l d h a v e 

the s n a i l - o p t i m a l th ickness , s ince there a re no f luke genes to exer t p o w e r . 

T h i s i s too s i m p l e , h o w e v e r . I f the p o p u l a t i o n a t l a r g e has a h i g h i n c i d e n c e o f 

f l uke in fes ta t ion , the g e n e - p o o l w i l l p r o b a b l y c o n t a i n genes tha t tend to 

c o m p e n s a t e for the t h i c k e n i n g effect o f f l uke genes . T h i s w o u l d lead t o 

u n i n f e c t e d snai ls h a v i n g o v e r - c o m p e n s a t i n g p h e n o t y p e s , shells t ha t a re 

t h i n n e r e v e n t h a n the sna i l o p t i m u m . I therefore p r e d i c t tha t shel l 

th icknesses i n f luke - f r ee a r e a s shou ld be i n t e r m e d i a t e b e t w e e n those o f 

in fec ted snai ls a n d u n i n f e c t e d snai ls in f luke- infes ted a r ea s . I do not k n o w of 

a n y e v i d e n c e b e a r i n g on this p r e d i c t i o n , b u t i t w o u l d be in te res t ing to look. 

N o t e tha t this p r e d i c t i o n does no t d e p e n d on a n y ad hoc a s sumpt ion a b o u t 

snai ls ' w i n n i n g ' o r f l ukes ' w i n n i n g ' . I t assumes tha t b o t h snai l genes a n d 

f l u k e g e n e s e x e r t some p o w e r o v e r the snai l p h e n o t y p e . T h e p r e d i c t i o n wi l l 

fo l low rega rd le s s o f the q u a n t i t a t i v e de ta i l s o f tha t p o w e r . 

F l u k e s l ive ins ide snai l shells in a sense tha t is not too far r e m o v e d from the 

sense in w h i c h sna i l s l ive ins ide snai l shel ls , a n d c a d d i s l a r v a e l ive inside thei r 

s tone houses . H a v i n g a c c e p t e d the i d e a tha t the form a n d c o l o u r o f a cadd i s 

house m i g h t cons t i t u t e p h e n o t y p i c express ion o f c a d d i s g e n e s , i t i s no t 

diff icul t to a c c e p t the i d e a o f the fo rm a n d c o l o u r o f a snai l shel l b e i n g 

p h e n o t y p i c expres s ion o f g e n e s in a f luke ins ide the snai l . I f we c o u l d 

fanc i fu l ly i m a g i n e a f luke g e n e a n d a snai l g e n e i n t e l l i gen t l y d i scuss ing w i t h 

a c a d d i s g e n e the p r o b l e m s of m a k i n g a h a r d o u t e r w a l l for p ro t ec t ion , I 

d o u b t i f the c o n v e r s a t i o n w o u l d m a k e a n y re fe rence to the fact tha t the f luke 

w a s a p a r a s i t e w h i l e the c a d d i s a n d the snai l w e r e no t . T h e r iva l meri ts o f 

s e c r e t i n g c a l c i u m c a r b o n a t e , r e c o m m e n d e d b y the f l u k e a n d the snai l genes , 

ve r sus p i c k i n g u p s tones , p re fe r red b y the c a d d i s g e n e , w o u l d b e discussed. 

T h e r e m i g h t be s o m e r e fe rence to the fact t ha t a c o n v e n i e n t a n d e c o n o m i c a l 

w a y o f s e c r e t i n g c a l c i u m c a r b o n a t e i n v o l v e s the use o f a snai l . B u t , from the 

g e n e ' s - e y e v i e w p o i n t , I suspec t t ha t the c o n c e p t o f pa ras i t i sm w o u l d be 

t r ea t ed a s i r r e l e v a n t . A l l th ree g e n e s m i g h t r e g a r d t hemse lve s a s paras i t i c , o r 

a l t e r n a t i v e l y a s u s i n g c o m p a r a b l e l evers o f p o w e r t o in f luence thei r 

r e s p e c t i v e w o r l d s so a s t o s u r v i v e . T h e l i v i n g cel ls o f the snai l w o u l d be 

r e g a r d e d by the sna i l g e n e a n d the f luke g e n e as useful ob jec t s to be 

m a n i p u l a t e d in the o u t s i d e w o r l d , in e x a c t l y the s a m e sense as the stones on 

the b o t t o m o f the s t r e a m w o u l d b e r e g a r d e d b y the c a d d i s g e n e . 

By d i s cus s ing i n o r g a n i c snai l shells, I h a v e r e t a ined c o n t i n u i t y w i t h the 

c a d d i s houses a n d o t h e r n o n - l i v i n g ar te fac ts o f the p r e v i o u s c h a p t e r , t he r eby 
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p u r s u i n g m y p o l i c y o f su s t a in ing c r e d u l i t y b y e x t e n d i n g the c o n c e p t o f the 

p h e n o t y p e g r a d u a l l y by insens ib le d e g r e e s . B u t n o w i t i s t i m e to g r a s p the 

l i v ing snai l f i rmly by the horns . F l u k e s o f the g e n u s Leucochloridium i n v a d e the 

horns o f snai ls w h e r e t h e y c a n be seen t h r o u g h the sk in , c o n s p i c u o u s l y 

pu l sa t ing . T h i s tends t o m a k e b i rds , w h o a r e the n e x t host i n the life c y c l e o f 

the f luke , b i te off the t en tac les m i s t a k i n g t h e m , W i c k l e r (1968) sugges t s , for 

insects . W h a t i s i n t e re s t ing he re i s tha t the f lukes s e e m also to m a n i p u l a t e the 

behaviour o f the snai ls . W h e t h e r i t i s b e c a u s e the sna i l ' s e y e s a r e a t the ends of 

the horns , o r w h e t h e r t h r o u g h s o m e m o r e i n d i r e c t p h y s i o l o g i c a l r o u t e , t he 

f l u k e m a n a g e s t o c h a n g e the snai l ' s b e h a v i o u r w i t h r e spec t t o l i g h t . T h e 

n o r m a l n e g a t i v e p h o t o t a x i s i s r e p l a c e d in in fec ted snai ls by pos i t i ve l i g h t -

seek ing . T h i s car r ies t h e m u p t o o p e n sites w h e r e t hey a r e p r e s u m a b l y m o r e 

l ike ly to be ea t en by b i rds , a n d this benef i ts the f luke . 

O n c e a g a i n , i f this i s to be r e g a r d e d as a pa ra s i t i c a d a p t a t i o n , a n d i n d e e d 

i t i s w i d e l y so r e g a r d e d ( W i c k l e r 1 9 6 8 ; H o l m e s & B e t h e l 1 9 7 2 ) , we a re 

forced to pos tu l a t e the s o m e t i m e ex i s t ence o f g e n e s in the p a r a s i t e g e n e - p o o l 

tha t i n f luenced the b e h a v i o u r o f hosts, s ince a l l D a r w i n i a n a d a p t a t i o n s 

e v o l v e d b y the se lec t ion o f g e n e s . B y def in i t ion such g e n e s w e r e g e n e s ' fo r ' 

snail b e h a v i o u r , a n d the snai l b e h a v i o u r has to be r e g a r d e d as p a r t o f the 

p h e n o t y p i c expres s ion o f f l u k e genes . 

T h e genes i n o n e o r g a n i s m ' s ce l l s , t hen , c a n h a v e e x t e n d e d p h e n o t y p i c 

inf luence on the l i v i n g b o d y of a n o t h e r o r g a n i s m ; in this case a pa ra s i t e ' s 

genes find p h e n o t y p i c expres s ion i n the b e h a v i o u r o f its hos t . T h e 

p a r a s i t o l o g y l i t e r a tu re i s full o f in te res t ing e x a m p l e s w h i c h a re n o w u s u a l l y 

in te rp re ted as a d a p t i v e m a n i p u l a t i o n o f hosts by pa ras i t e s ( e .g . H o l m e s & 

Be the l 1 9 7 2 ; L o v e 1980) . I t has not , t o b e sure , a l w a y s b e e n f a s h i o n a b l e 

a m o n g paras i to log i s t s t o m a k e such in t e rp re t a t ions e x p l i c i t . F o r i n s t a n c e , a n 

i m p o r t a n t r e v i e w o f pa ras i t i c ca s t r a t ion in C r u s t a c e a ( R e i n h a r d 1956) i s 

p a c k e d w i t h d e t a i l e d i n f o r m a t i o n a n d s p e c u l a t i o n o n the p rec i se p h y s i o l o g i 

ca l rou tes by w h i c h paras i tes ca s t r a t e the i r hosts , b u t i s a l m o s t d e v o i d o f 

discussion o n w h y t h e y m i g h t h a v e b e e n se lec ted t o d o so , o r w h e t h e r , 

ins tead, ca s t r a t ion i s s i m p l y a for tu i tous b y p r o d u c t of p a r a s i t i z a t i o n . I t m a y 

be an in te res t ing i n d i c a t i o n o f c h a n g i n g scient i f ic fash ions tha t a m o r e r e c e n t 

r e v i e w ( B a u d o i n 197 5 ) e x t e n s i v e l y cons iders the f u n c t i o n a l s i g n i f i c a n c e o f 

paras i t ic ca s t r a t ion from the i n d i v i d u a l pa ras i t e ' s p o i n t o f v i e w . B a u d o i n 

c o n c l u d e s : ' T h e m a i n theses o f this p a p e r a re (1) t ha t pa ra s i t i c c a s t r a t i o n 

can be v i e w e d as a pa ras i t e ' s a d a p t a t i o n a n d (2) tha t a d v a n t a g e s d e r i v e d 

from this a d a p t a t i o n a re a resul t of r e d u c t i o n in host r e p r o d u c t i v e effort ; 

w h i c h in turn g ives rise to i nc r ea sed host s u r v i v o r s h i p , i n c r e a s e d hos t g r o w t h 

a n d / o r i nc reased e n e r g y a v a i l a b l e t o the pa ras i t e t h e r e b y i n c r e a s i n g the 

paras i te ' s D a r w i n i a n f i t n e s s . ' T h i s is, o f cour se , v e r y m u c h the a r g u m e n t I 

h a v e jus t f o l l o w e d i n d i scuss ing p a r a s i t e - i n d u c e d t h i c k e n i n g o f snai l shel ls . 

A g a i n , a b e l i e f tha t pa ra s i t i c ca s t r a t ion is a pa r a s i t e a d a p t a t i o n l o g i c a l l y 
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imp l i e s tha t t he re m u s t b e , o r a t least mus t h a v e b e e n , pa ra s i t e genes ' for ' 

c h a n g e s i n hos t p h y s i o l o g y . T h e s y m p t o m s o f pa ras i t i c cas t r a t ion , sex-

c h a n g e , i n c r e a s e d s ize , o r w h a t e v e r t hey m a y be , a r e p r o p e r l y r e g a r d e d a s 

e x t e n d e d p h e n o t y p i c man i f e s t a t i ons o f pa ras i t e g e n e s . 

T h e a l t e r n a t i v e t o B a u d o i n ' s i n t e rp r e t a t i on i s t ha t c h a n g e s i n host 

p h y s i o l o g y a n d b e h a v i o u r a re no t pa ra s i t e a d a p t a t i o n s , b u t s i m p l y du l l 

p a t h o l o g i c a l b y p r o d u c t s o f in fec t ion . C o n s i d e r the pa ras i t i c b a r n a c l e 

( t h o u g h in its a d u l t s t age i t looks m o r e l ike a fungus) Sacculina. I t m i g h t be 

said t ha t Sacculina does no t d i r e c t l y benef i t f rom the cas t r a t ion of its c r a b 

hos t , b u t s i m p l y sucks n u t r i m e n t f rom a l l t h r o u g h the host ' s b o d y , a n d as a 

s ide-effect o f its d e v o u r i n g the tissues o f the g o n a d s the c r a b shows the 

s y m p t o m s o f c a s t r a t i o n . I n s u p p o r t o f the a d a p t a t i o n hypo thes i s , h o w e v e r , 

B a u d o i n po in t s t o those cases i n w h i c h paras i t es a c h i e v e the cas t r a t ion by 

synthes is of hos t h o r m o n e s , su re ly a specif ic a d a p t a t i o n r a the r t h a n a b o r i n g 

b y p r o d u c t . E v e n in those cases w h e r e the cas t r a t ion is in i t i a l ly c a u s e d as a 

b y p r o d u c t o f the d e v o u r i n g o f g o n a d a l t issue, m y susp ic ion i s tha t se lec t ion 

w o u l d s u b s e q u e n t l y a c t on paras i tes t o m o d i f y the de ta i l s o f their 

p h y s i o l o g i c a l effects on hosts , m o d i f y t h e m in a w a y f a v o u r a b l e to the 

pa ras i t e ' s w e l l - b e i n g . Sacculina p r e s u m a b l y has s o m e op t i ons o v e r w h i c h par ts 

o f the c r a b ' s b o d y its roo t sys t em i n v a d e s f i r s t . N a t u r a l se l ec t ion i s sure ly 

l i ke ly to f a v o u r g e n e s in Sacculina tha t c a u s e i t to i n v a d e g o n a d a l tissue before 

i n v a d i n g v i t a l o r g a n s o n w h i c h the c r a b ' s s u r v i v a l d e p e n d s . A p p l y i n g this 

k ind o f a r g u m e n t a t a m o r e d e t a i l e d l e v e l , s ince g o n a d a l de s t ruc t i on has 

m u l t i p l e a n d c o m p l e x effects o n c r a b p h y s i o l o g y , a n a t o m y a n d b e h a v i o u r , i t 

i s e n t i r e l y r e a s o n a b l e to guess t ha t se l ec t ion w o u l d a c t on paras i tes to f ine-

t u n e the i r c a s t r a t i o n t e c h n i q u e so as to i nc rea se the i r benef i t f rom the 

in i t i a l l y fo r tu i tous c o n s e q u e n c e s o f ca s t r a t i on . I b e l i e v e m a n y m o d e r n 

pa ras i to log i s t s w o u l d a g r e e w i t h this fee l ing (P . O . L a w r e n c e , pe r sona l 

c o m m u n i c a t i o n ) . A l l t ha t I am a d d i n g , then , i s the l o g i c a l po in t that the 

c o m m o n b e l i e f tha t pa ra s i t i c c a s t r a t i on i s an a d a p t a t i o n imp l i e s tha t the 

m o d i f i e d host p h e n o t y p e i s p a r t o f the e x t e n d e d p h e n o t y p e o f pa ras i t e genes . 

Paras i t e s often s tun t the g r o w t h of the i r hosts, a n d i t is easy to see this as a 

b o r i n g b y p r o d u c t o f i n fec t ion . M o r e in teres t therefore a t t a c h e s t o those ra rer 

cases i n w h i c h paras i t es e n h a n c e host g r o w t h , a n d I h a v e a l r e a d y m e n t i o n e d 

the case o f the t h i c k e n e d snai l shel ls . C h e n g ( 1 9 7 3 , p . 22) beg ins his a c c o u n t 

o f s u c h cases w i t h a r e v e a l i n g s e n t e n c e : ' A l t h o u g h o n e g e n e r a l l y cons iders 

pa ras i t e s to be d e t r i m e n t a l to thei r hosts a n d c a u s e the loss o f e n e r g y a n d 

p o o r h e a l t h , i n s t ances a re k n o w n w h e r e the o c c u r r e n c e o f paras i tes a c t u a l l y 

i n d u c e s e n h a n c e d g r o w t h o f the hos t . ' B u t C h e n g i s he re s o u n d i n g like a 

m e d i c a l d o c t o r r a t h e r t h a n l ike a D a r w i n i a n b io log i s t . I f ' d e t r i m e n t ' i s 

de f ined in t e rms o f r e p r o d u c t i v e success r a the r than s u r v i v a l a n d ' h e a l t h ' , i t 

i s p r o b a b l e t ha t g r o w t h - e n h a n c e m e n t is i n d e e d d e t r i m e n t a l to the host, for 

the reasons g i v e n i n my d iscuss ion o f snai l shel ls . N a t u r a l se lec t ion has 
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p r e s u m a b l y f a v o u r e d an o p t i m a l host s ize , a n d i f a pa r a s i t e causes the hos t to 

d e v i a t e f rom this size in either direction i t is p r o b a b l y h a r m i n g the hos t ' s 

r e p r o d u c t i v e success , e v e n i f i t i s a t the s a m e t ime p r o m o t i n g host s u r v i v a l . 

A l l the e x a m p l e s o f g r o w t h - e n h a n c e m e n t g i v e n b y C h e n g c a n b e eas i ly 

unde r s tood a s p a r a s i t e - i n d u c e d swi t ches o f r e sources a w a y f rom i n v e s t m e n t 

in host r e p r o d u c t i o n , w h i c h i s o f no in teres t to the pa ra s i t e , to the g r o w t h 

and s u r v i v a l o f the host ' s o w n b o d y , w h i c h i s o f g r e a t in teres t t o the pa ra s i t e 

( aga in we mus t b e w a r e o f the g roup - se l ec t i on i s t p l e a t ha t the e x i s t e n c e o f a 

n e w g e n e r a t i o n of hosts i s of i m p o r t a n c e to the pa ra s i t e species). 

M i c e infec ted by l a r v a e of the t a p e w o r m Spirometra mansanoides g r o w faster 

than un in fec ted m i c e . I t has b e e n s h o w n tha t the t a p e w o r m s a c h i e v e this by 

secre t ing a subs t ance r e s e m b l i n g a m o u s e g r o w t h h o r m o n e . M o r e d r a m a t i 

ca l ly , bee t l e l a r v a e o f the g e n u s Tribolium, w h e n in fec ted by the s p o r o z o a n 

Nosema, u sua l l y fail to m e t a m o r p h o s e in to adu l t s . I n s t e a d t hey c o n t i n u e to 

g r o w t h r o u g h a s m a n y a s six e x t r a l a r v a l m o u l t s , e n d i n g u p a s g i a n t l a r v a e 

w e i g h i n g m o r e t h a n t w i c e a s m u c h a s n o n - p a r a s i t i z e d c o n t r o l s . E v i d e n c e 

suggests tha t this m a j o r shift in bee t l e p r ior i t i es , f rom r e p r o d u c t i o n to 

i n d i v i d u a l g r o w t h , i s d u e to the synthes is o f j u v e n i l e h o r m o n e , o r its c lose 

a n a l o g u e , by the p r o t o z o a n pa ras i t e . A g a i n this i s o f in teres t b e c a u s e , a s 

a l r e a d y sugges t ed for the case o f pa ras i t i c c a s t r a t i on o f Crustacea, i t m a k e s 

the b o r i n g b y p r o d u c t t h e o r y al l b u t u n t e n a b l e . J u v e n i l e h o r m o n e s a r e 

spec ia l m o l e c u l e s o r d i n a r i l y syn the s i zed b y insects , no t p r o t o z o a . T h e 

synthesis o f an insect h o r m o n e by a p r o t o z o a n pa ra s i t e has to be r e g a r d e d as 

a specific a n d r a the r e l a b o r a t e a d a p t a t i o n . T h e e v o l u t i o n o f the c a p a c i t y t o 

syn thes ize j u v e n i l e h o r m o n e b y Nosema m u s t h a v e c o m e a b o u t t h r o u g h the 

se lec t ion o f genes in the Nosema g e n e - p o o l . T h e p h e n o t y p i c effect o f these 

genes , w h i c h led to the i r s u r v i v a l in the Nosema g e n e - p o o l , w a s an e x t e n d e d 

p h e n o t y p i c effect, an effect w h i c h man i fe s t ed i tse l f in b e e t l e b o d i e s . 

O n c e a g a i n the p r o b l e m o f i n d i v i d u a l benef i t ve r sus g r o u p benef i t ar ises, 

a n d in an a c u t e form. A p r o t o z o a n is so s m a l l in c o m p a r i s o n w i t h a b e e t l e 

l a r v a tha t a s ingle p r o t o z o a n , on its o w n , c o u l d not m u s t e r a suff icient dose of 

h o r m o n e to affect the bee t le . H o r m o n e m a n u f a c t u r e mus t be a g r o u p effort 

b y l a rge n u m b e r s o f i n d i v i d u a l p r o t o z o a . I t benef i ts a l l i n d i v i d u a l pa ras i t es 

in the bee t l e , b u t i t mus t a lso cost e a c h i n d i v i d u a l s o m e t h i n g to a d d his t iny 

c o n t r i b u t i o n t o the g r o u p c h e m i c a l effort. I f the i n d i v i d u a l p r o t o z o a w e r e 

g e n e t i c a l l y h e t e r o g e n e o u s , cons ide r w h a t w o u l d h a p p e n . A s s u m e a m a j o r i t y 

o f p r o t o z o a c o o p e r a t i n g i n s y n t h e s i z i n g h o r m o n e . A n i n d i v i d u a l w i t h a r a re 

g e n e tha t m a d e h i m o p t ou t o f the g r o u p effort w o u l d s ave h i m s e l f the cos t o f 

synthesis . S u c h a s a v i n g w o u l d be o f i m m e d i a t e benef i t t o h i m , a n d to the 

selfish g e n e tha t m a d e h i m o p t ou t . T h e loss o f his c o n t r i b u t i o n t o the g r o u p 

synthesis w o u l d hu r t his r iva l s j u s t a s m u c h as i t h u r t h i m . In a n y case the 

loss t o the g r o u p ' s p r o d u c t i v i t y w o u l d be v e r y s m a l l , t h o u g h i t w o u l d 

represent a m a j o r s a v i n g to h i m . T h e r e f o r e , e x c e p t u n d e r s p e c i a l c o n d i t i o n s , 
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t a k i n g pa r t in a c o o p e r a t i v e g r o u p synthes is t o g e t h e r w i t h g e n e t i c r iva ls i s 

no t a n e v o l u t i o n a r i l y s t ab l e s t r a t e g y . W e mus t therefore p r e d i c t tha t all the 

Nosema in a g i v e n b e e t l e w i l l be found to be c lose r e l a t ives , p r o b a b l y an 

i d e n t i c a l c l o n e . I d o n ' t k n o w o f a n y d i r e c t e v i d e n c e he re , b u t the e x p e c t a t i o n 

i s in l ine w i t h the t y p i c a l s p o r o z o a n life c y c l e . 

B a u d o i n p r o p e r l y e m p h a s i z e s the a n a l o g o u s p o i n t i n c o n n e c t i o n w i t h 

pa ra s i t i c c a s t r a t i o n . He has a sec t ion en t i t l ed ' K i n s h i p o f cas t ra to rs in the 

s a m e i n d i v i d u a l hos t ' , i n w h i c h he says 'Pa ra s i t i c c a s t r a t i on i s a lmost 

i n v a r i a b l y p r o d u c e d e i t he r b y s ing le pa ras i t es o r b y the i r i m m e d i a t e 

of fspr ing . . . p a r a s i t i c c a s t r a t i o n i s u s u a l l y p r o d u c e d e i t he r b y s ingle 

g e n o t y p e s o r b y v e r y c lo se ly r e l a t ed g e n o t y p e s . M e t a c e r c a r i a l infect ions i n 

snai ls a re e x c e p t i o n s . . . I n these cases , h o w e v e r , pa ras i t i c ca s t r a t ion m a y b e 

i n c i d e n t a l . ' B a u d o i n i s ful ly a w a r e o f the s ign i f i cance o f these fac t s : ' . . . the 

g e n e t i c r e l a t i o n s h i p o f cas t ra to r s w i t h i n i n d i v i d u a l hosts i s such tha t na tu ra l 

se l ec t ion a t the l e v e l o f i n d i v i d u a l g e n o t y p e s c a n a c c o u n t for the o b s e r v e d 

effects ' . 

M a n y f a s c i n a t i n g e x a m p l e s o f pa ras i t es m a n i p u l a t i n g the b e h a v i o u r o f 

the i r hosts c a n b e g i v e n . F o r n e m a t o m o r p h l a r v a e w h o need t o b r e a k ou t o f 

the i r insec t hosts a n d g e t in to w a t e r w h e r e t hey l i ve a s adu l t s , ' . . . a ma jo r 

d i f f icu l ty in the pa ra s i t e ' s life is the r e tu rn to w a t e r . I t is, therefore , of 

p a r t i c u l a r in teres t t ha t the pa ra s i t e a p p e a r s to affect the b e h a v i o u r o f its 

hos t , a n d " e n c o u r a g e s " i t t o r e tu rn t o w a t e r . T h e m e c h a n i s m b y w h i c h this 

i s a c h i e v e d is o b s c u r e , b u t t he re a re sufficient i so la ted repor t s to cer t i fy tha t 

the pa ra s i t e does i n f l u e n c e its host , a n d often s u i c i d a l l y for the host . . . O n e 

o f the m o r e d r a m a t i c repor t s de sc r ibe s an in fec ted bee f ly ing o v e r a poo l a n d , 

w h e n a b o u t s ix feet o v e r it , d i v i n g s t r a igh t in to the w a t e r . I m m e d i a t e l y o n 

i m p a c t the g o r d i a n w o r m burs t o u t a n d s w a m in to the w a t e r , the m a i m e d 

bee b e i n g left t o d i e ' ( C r o l l 1 9 6 6 ) . 

Paras i t e s tha t h a v e a life c y c l e i n v o l v i n g an i n t e r m e d i a t e host , from w h i c h 

t hey h a v e to m o v e to a de f in i t i ve hos t , of ten m a n i p u l a t e the b e h a v i o u r o f the 

i n t e r m e d i a t e hos t to m a k e i t m o r e l ike ly to be ea t en by the def in i t ive host . 

We h a v e a l r e a d y seen an e x a m p l e o f this, the case o f Leucochloridium i n snail 

t en t ac l e s . H o l m e s a n d B e t h e l ( 1 9 7 2 ) h a v e r e v i e w e d m a n y e x a m p l e s , a n d 

t hey h a v e t h e m s e l v e s p r o v i d e d u s w i t h o n e o f the most t h o r o u g h l y r e sea rched 

cases (Be the l & H o l m e s 1 9 7 3 ) . T h e y s tud ied t w o spec ies o f a c a n t h o c e p h a l a n 

w o r m s , Polymorphus paradoxus a n d P. marilis. B o t h use a f reshwate r ' s h r i m p ' 

( r ea l ly an a m p h i p o d ) , Gammarus lacustris, as an i n t e r m e d i a t e host , a n d b o t h 

use d u c k s as the de f in i t i ve host . P. paradoxus, h o w e v e r , spec i a l i ze s in the 

m a l l a r d , w h i c h is a s u r f a c e - d a b b l i n g d u c k , w h i l e P. marilis spec i a l i ze s in 

d i v i n g d u c k s . I d e a l l y t hen , P . paradoxus m i g h t benef i t by m a k i n g its shr imps 

s w i m to the su r face , w h e r e t hey a r e l i ke ly to be ea t en by m a l l a r d s , w h i l e P . 

marilis m i g h t benef i t by m a k i n g its s h r i m p s a v o i d the su r face . 

U n i n f e c t e d Gammarus lacustris t end to a v o i d l igh t , a n d s tay c lose to the l ake 
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b o t t o m . B e t h e l a n d H o l m e s n o t i c e d s t r ik ing d i f fe rences i n t he b e h a v i o u r o f 

shr imps in fec ted w i t h c y s t a c a n t h s of P . paradoxus. T h e y s t a y e d c lose to the 

surface , a n d c l u n g t e n a c i o u s l y to sur face p l an t s a n d e v e n to the ha i r s on the 

resea rchers ' legs . T h i s s u r f a c e - h u g g i n g b e h a v i o u r w o u l d p r e s u m a b l y m a k e 

them v u l n e r a b l e t o p r e d a t i o n b y d a b b l i n g m a l l a r d s , a n d a lso b y m u s k r a t s 

w h i c h are an a l t e r n a t i v e de f in i t ive host o f P . paradoxus. B e t h e l a n d H o l m e s 

be l i eve tha t the h a b i t o f c l i n g i n g t o w e e d s m a k e s in fec ted s h r i m p s 

p a r t i c u l a r l y v u l n e r a b l e t o musk ra t s , w h o g a t h e r f loa t ing v e g e t a t i o n a n d t ake 

it h o m e to feed off it . 

L a b o r a t o r y tests c o n f i r m e d tha t sh r imps in fec ted w i t h c y s t a c a n t h s o f P . 

paradoxus seek the l i gh t ed h a l f of a t ank , a n d a lso p o s i t i v e l y a p p r o a c h the 

source o f l igh t . T h i s i s the oppos i t e o f the b e h a v i o u r s h o w n b y u n i n f e c t e d 

shr imps . I n c i d e n t a l l y , i t i s no t tha t the in fec ted s h r i m p s w e r e g e n e r a l l y sick 

a n d f loated pas s ive ly t o the sur face , a s i n the c o m p a r a b l e c a se o f C r o w d e n 

a n d B r o o m ' s (1980) fish. T h e s e sh r imps fed a c t i v e l y , of ten l e a v i n g the sur face 

l a y e r to do so, bu t w h e n they c a p t u r e d a morse l o f food t h e y p r o m p t l y took i t 

to the sur face to ea t i t w h e r e a s a n o r m a l s h i m p w o u l d h a v e t a k e n i t to the 

b o t t o m . A n d w h e n s ta r t l ed in m i d w a t e r , ins tead o f d i v i n g to the b o t t o m as a 

n o r m a l s h r i m p w o u l d , t hey h e a d e d for the sur face . 

S h r i m p s in fec ted by c y s t a c a n t h s of the o t h e r spec ies , P . marilis, h o w e v e r , 

do not h u g the sur face . I n l a b o r a t o r y tests t h e y a d m i t t e d l y s o u g h t the l i g h t e d 

ha l f o f an a q u a r i u m in p re fe rence to the d a r k half, b u t t h e y d i d no t o r i en t 

pos i t ive ly t o w a r d s the sou rce o f l i g h t : t hey d i s t r i bu t ed t h e m s e l v e s r a n d o m l y 

in the l i gh ted half, r a t he r t h a n a t the su r face . W h e n s t a r t l ed , t h e y w e n t to 

the b o t t o m r a the r t h a n to the sur face . B e t h e l a n d H o l m e s sugges t tha t the 

t w o species o f pa ras i t e m o d i f y the b e h a v i o u r o f the i r i n t e r m e d i a t e host i n 

different w a y s , c a l c u l a t e d t o m a k e the sh r imps m o r e v u l n e r a b l e t o p r e d a t i o n 

by their de f in i t ive hosts , su r f ace - f eed ing a n d d i v i n g p r e d a t o r s r e s p e c t i v e l y . 

A la ter p a p e r (Be the l & H o l m e s 1 9 7 7 ) p r o v i d e s p a r t i a l c o n f i r m a t i o n of 

this hypo thes i s . C a p t i v e m a l l a r d s a n d m u s k r a t s i n the l a b o r a t o r y t o o k 

shr imps infec ted w i t h P. paradoxus a t a h i g h e r ra te t h a n t h e y took u n i n f e c t e d 

shr imps . S h r i m p s infec ted w i t h P . marilis, h o w e v e r , w e r e no t t a k e n a n y m o r e 

often t han un in fec t ed ones , e i the r by m a l l a r d s o r by m u s k r a t s . I t w o u l d 

o b v i o u s l y be d e s i r a b l e t o do the r e c i p r o c a l e x p e r i m e n t w i t h a d i v i n g 

p reda to r , p r e d i c t i n g tha t s h r i m p s in fec ted w i t h c y s t a c a n t h s of P . marilis 

w o u l d , i n this case , b e r e l a t i v e l y m o r e v u l n e r a b l e . T h i s e x p e r i m e n t does no t 

a p p e a r t o h a v e b e e n d o n e . 

L e t u s p r o v i s i o n a l l y a c c e p t B e t h e l a n d H o l m e s ' s h y p o t h e s i s , a n d r e p h r a s e 

i t i n the l a n g u a g e o f the e x t e n d e d p h e n o t y p e . T h e a l t e r ed b e h a v i o u r o f the 

sh r imp i s r e g a r d e d as an a d a p t a t i o n on the p a r t o f the a c a n t h o c e p h a l a n 

paras i te . I f this has c o m e a b o u t t h r o u g h n a t u r a l s e l ec t ion , the re mus t h a v e 

been g e n e t i c v a r i a t i o n ' for ' s h r i m p b e h a v i o u r i n the w o r m g e n e - p o o l , 

o the rwi se there w o u l d h a v e b e e n n o t h i n g for n a t u r a l s e l ec t i on t o w o r k o n . 
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W e m a y , the re fore , t a lk o f w o r m g e n e s h a v i n g p h e n o t y p i c express ion i n 

s h r i m p b o d i e s , i n j u s t the s a m e sense a s we a re a c c u s t o m e d to t a l k i n g o f 

h u m a n g e n e s h a v i n g p h e n o t y p i c expres s ion i n h u m a n bod ie s . 

T h e case of the f luke ( ' b r a i n w o r m ' ) Dicrocoelium dendriticum i s often q u o t e d 

as a n o t h e r e l e g a n t e x a m p l e o f a pa ras i t e m a n i p u l a t i n g an i n t e r m e d i a t e host 

t o i n c r e a s e its c h a n c e s o f e n d i n g up in its de f in i t ive host ( W i c k l e r 1 9 7 6 ; L o v e 

1980) . T h e de f in i t i ve hos t i s an u n g u l a t e such as a s h e e p , a n d the 

i n t e r m e d i a t e hosts a re f i r s t a snai l a n d t h a n an an t . T h e n o r m a l life c y c l e 

ca l l s for the a n t to be a c c i d e n t a l l y ea ten by the sheep . I t seems tha t the f luke 

c e r c a r i a a c h i e v e s this in a w a y a n a l o g o u s to tha t of the Leucochloridium 

m e n t i o n e d a b o v e . B y b u r r o w i n g in to the s u b o e s o p h a g e a l g a n g l i o n , the ap t ly 

n a m e d ' b r a i n w o r m ' c h a n g e s the an t ' s b e h a v i o u r . W h e r e a s a n un infec ted 

a n t w o u l d n o r m a l l y r e t r ea t i n to its nest w h e n i t b e c a m e c o l d , infec ted ants 

c l i m b t o the t o p o f grass s tems , c l a m p the i r j a w s i n the p l a n t a n d r e m a i n 

i m m o b i l e a s i f a s l e e p . H e r e t hey a re v u l n e r a b l e t o b e i n g ea t en b y the w o r m ' s 

de f in i t i ve hos t . T h e in fec ted an t , l ike a n o r m a l an t , does re t rea t d o w n the 

grass s t em t o a v o i d d e a t h f rom the m i d d a y h e a t — w h i c h w o u l d b e b a d for 

the p a r a s i t e — b u t i t r e tu rns to its ae r i a l r es t ing pos i t ion in the c o o l of the 

a f t e rnoon ( L o v e 1980) . W i c k l e r ( 1 9 7 6 ) says tha t o f the a p p r o x i m a t e l y f i f t y 

c e r c a r i a e t ha t infec t a g i v e n an t , o n l y o n e b u r r o w s in to the b r a i n a n d i t dies 

in the p r o c e s s : ' I t sacr i f ices i t se l f for the benef i t o f the o the r c e r c a r i a e . ' 

U n d e r s t a n d a b l y , W i c k l e r therefore p red ic t s t ha t the g r o u p o f c e r c a r i a e i n a n 

a n t w i l l be f ound to be a p o l y e m b r y o n i c c l o n e . 

A n e v e n m o r e e l a b o r a t e e x a m p l e i s the case o f c r o w n g a l l , o n e o f the few 

k n o w n p l a n t c a n c e r s ( K e r r 1 9 7 8 ; S c h e l l e t al. 1 9 7 9 ) . E x c e p t i o n a l l y for a 

c a n c e r i t i s i n d u c e d by a b a c t e r i u m , Agrobacterium. T h e s e b a c t e r i a i n d u c e the 

c a n c e r in the p l a n t o n l y i f t h e y t hemse lve s c o n t a i n a T i p l a s m i d , a sma l l r ing 

o f e x t r a c h r o m o s o m a l D N A . T h e T i p l a s m i d m a y b e r e g a r d e d a s a n 

a u t o n o m o u s r e p l i c a t o r ( C h a p t e r 9 ) a l t h o u g h , l ike a n y o the r D N A rep l i ca to r , 

i t c a n n o t s u c c e e d a p a r t f rom the c e l l u l a r m a c h i n e r y p u t t o g e t h e r u n d e r the 

i n f l u e n c e o f o t h e r D N A rep l i ca to r s , i n this case those o f the host . T i genes are 

t ransfer red f rom b a c t e r i a l to p l a n t ce l l s , a n d the in fec ted p l an t cel ls a re 

i n d u c e d to m u l t i p l y u n c o n t r o l l a b l y , w h i c h i s w h y the c o n d i t i o n i s ca l l ed a 

c a n c e r . T h e T i g e n e s a l so c a u s e the p l a n t cel ls t o syn thes i ze l a rge quan t i t i e s 

o f s u b s t a n c e s c a l l e d o p i n e s , w h i c h the p l an t s w o u l d no t n o r m a l l y m a k e , a n d 

w h i c h t h e y c a n n o t use . T h e in t e re s t ing p o i n t i s tha t , i n a n e n v i r o n m e n t r ich 

i n op ines , T i - i n f e c t e d b a c t e r i a s u r v i v e a n d r e p r o d u c e m u c h be t te r t han non-

in fec t ed b a c t e r i a . T h i s i s b e c a u s e the T i p l a s m i d p r o v i d e s the b a c t e r i u m w i t h 

a set of g e n e s w h i c h e n a b l e the b a c t e r i u m to use the op ines as a source of 

e n e r g y a n d c h e m i c a l s . T h e T i p l a s m i d s c o u l d a l m o s t b e r e g a r d e d a s 

p r a c t i s i n g a r t i f ic ia l s e l ec t ion i n f a v o u r o f infec ted b a c t e r i a , h e n c e i n f avour o f 

c o p i e s o f t h e m s e l v e s . T h e op ine s a lso func t ion a s b a c t e r i a l ' a p h r o d i s i a c s ' , a s 

K e r r pu t s it , p r o m o t i n g b a c t e r i a l c o n j u g a t i o n a n d therefore p l a s m i d transfer. 
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K e r r (1978) c o n c l u d e s : ' I t i s a v e r y e l e g a n t e x a m p l e o f b i o l o g i c a l 

e v o l u t i o n ; i t e v e n d e m o n s t r a t e s a p p a r e n t a l t r u i sm in b a c t e r i a l g e n e s . . . T h e 

D N A w h i c h i s t ransfer red from b a c t e r i u m to p l a n t has no f u t u r e ; i t d ies 

w h e n the p l a n t ce l l d ies . H o w e v e r , b y a l t e r i n g the p l a n t ce l l t o p r o d u c e a n 

op ine , i t ensures (a) p re fe ren t i a l se l ec t ion o f the s a m e D N A i n b a c t e r i a l ce l l s 

a n d (b) transfer o f tha t D N A t o o t h e r b a c t e r i a l ce l l s . I t d e m o n s t r a t e s 

evo lu t i on a t the l eve l o f g e n e s , no t o r g a n i s m s , w h i c h m a y o n l y b e g e n e 

ca r r i e r s . ' ( S u c h s t a t e m e n t s a re , o f cou r se , m u s i c t o m y ears , b u t I h o p e K e r r 

wi l l fo rg ive m y p u b l i c l y w o n d e r i n g a t the g r a t u i t o u s c a u t i o n o f ' m a y o n l y b e ' 

g e n e car r ie r s . I t i s a b i t l ike s a y i n g ' T h e eyes m a y be the w i n d o w s o f the s o u l ' 

o r ' O , m y L u v e m a y b e l ike a r ed red rose ' . I t m a y h a v e b e e n the w o r k o f a n 

ed i tor ia l h a n d ! ) K e r r c o n t i n u e s : ' I n n a t u r a l l y - i n d u c e d c r o w n ga l l s o n m a n y 

(but not all) hosts, v e r y few b a c t e r i a s u r v i v e i n the g a l l . . . A t f i r s t s ight , i t 

w o u l d a p p e a r tha t p a t h o g e n i c i t y i s c o n f e r r i n g no b i o l o g i c a l a d v a n t a g e . I t i s 

o n l y w h e n o n e cons ide r s o p i n e p r o d u c t i o n by the host a n d its effect on 

b a c t e r i a l i v i n g a t the sur face o f the g a l l , t ha t the s t r o n g s e l ec t i ve a d v a n t a g e 

o f genes for p a t h o g e n i c i t y b e c o m e s c l e a r . ' 

M a y r ( 1 9 6 3 , p p . 1 9 6 - 1 9 7 ) discusses the p h e n o m e n o n o f p l a n t s m a k i n g 

ga l l s to house insects , in t e rms so f a v o u r a b l e to my thesis tha t I c a n q u o t e 

h i m v e r b a t i m a l m o s t w i t h o u t c o m m e n t : 

W h y . . . s hou ld a p l a n t m a k e the g a l l s u c h a pe r fec t d o m i c i l e for an 

insect tha t i s its e n e m y ? A c t u a l l y w e a re d e a l i n g he re w i t h t w o 

se lec t ion pressures . O n the o n e h a n d , s e l ec t i on w o r k s o n a p o p u l a t i o n 

o f g a l l insects a n d favors those w h o s e g a l l - i n d u c i n g c h e m i c a l s 

s t imu la t e the p r o d u c t i o n o f ga l l s g i v i n g m a x i m u m p r o t e c t i o n t o the 

y o u n g l a r v a . T h i s , o b v i o u s l y , i s a m a t t e r o f life o r d e a t h for the g a l l 

insect a n d thus cons t i tu tes a v e r y h i g h se l ec t ion p ressure . T h e 

o p p o s i n g se lec t ion pressure on the p l a n t i s in mos t cases q u i t e sma l l 

b e c a u s e h a v i n g a few ga l l s w i l l depress v i a b i l i t y o f the p l a n t hos t o n l y 

v e r y s l igh t ly . T h e ' c o m p r o m i s e ' i n this case i s a l l i n f a v o r o f the g a l l 

insect . T o o h i g h a dens i ty o f the g a l l insec t i s u s u a l l y p r e v e n t e d by 

d e n s i t y - d e p e n d e n t fac tors no t r e l a t ed to the p l a n t host . 

M a y r i s he re i n v o k i n g the e q u i v a l e n t o f the i i f e / d i n n e r p r i n c i p l e ' t o e x p l a i n 

w h y the p l a n t does no t f i g h t b a c k a g a i n s t the r e m a r k a b l e m a n i p u l a t i o n b y 

the insect . I t i s necessa ry for me to a d d o n l y this . I f M a y r i s r i gh t t ha t the 

ga l l i s an a d a p t a t i o n for the benef i t o f the insect a n d no t t he p l a n t , i t c a n 

h a v e e v o l v e d o n l y t h r o u g h the n a t u r a l se l ec t ion o f g e n e s i n the insec t g e n e -

poo l . L o g i c a l l y , w e h a v e t o r e g a r d these a s g e n e s w i t h p h e n o t y p i c exp re s s ion 

in p lan t tissue, in the s a m e sense as s o m e o the r g e n e of the insec t , s a y o n e for 

e y e c o l o u r , c a n be sa id t o h a v e p h e n o t y p i c exp re s s ion i n insec t t issue. 

C o l l e a g u e s w i t h w h o m I discuss the d o c t r i n e o f the e x t e n d e d p h e n o t y p e 
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r e p e a t e d l y c o m e up w i t h the s a m e e n t e r t a i n i n g s p e c u l a t i o n s . I s i t j u s t an 

a c c i d e n t t ha t we s n e e z e w h e n g e t t i n g a c o l d , o r c o u l d i t be a result o f 

m a n i p u l a t i o n b y v i ruses t o i nc rea se thei r c h a n c e s o f i n fec t ing a n o t h e r hos t? 

D o a n y v e n e r e a l d iseases i nc rea se the l i b i d o , e v e n i f o n l y b y i n d u c i n g a n i tch , 

l ike e x t r a c t o f S p a n i s h f l y ? D o the b e h a v i o u r a l s y m p t o m s o f rab ies infec t ion 

i n c r e a s e the c h a n c e o f the v i rus b e i n g passed on ( B a c o n & M a c d o n a l d 

1980)? ' W h e n a d o g gets r ab i e s , its t e m p e r c h a n g e s q u i c k l y . I t i s often m o r e 

a f f ec t iona te for a d a y or t w o , a n d g i v e n to l i c k i n g its h u m a n con tac t s , a 

d a n g e r o u s p r a c t i c e , for the v i ru s is a l r e a d y in its s a l i va . S o o n i t g r o w s restless 

a n d w a n d e r s off, r e a d y to b i t e a n y o n e tha t ge ts in its w a y ' (Encyclopaedia 

Britannica 1 9 7 7 ) . E v e n n o n - c a r n i v o r o u s a n i m a l s a re d r i v e n by the rab ies 

v i ru s t o v i c i o u s b i t i n g , a n d the re a r e r e c o r d e d cases o f h u m a n s c o n t r a c t i n g 

the d i sease f rom the b i tes o f n o r m a l l y ha rmles s f ru i t - ea t ing ba t s . A p a r t from 

the o b v i o u s p o w e r o f b i t i n g to sp read a s a l i v a - b o r n e v i rus , 'restless 

w a n d e r i n g ' m i g h t v e r y w e l l s e rve t o sp r ead the v i rus m o r e effect ively 

( H a m i l t o n & M a y 1 9 7 7 ) . T h a t the w i d e s p r e a d a v a i l a b i l i t y o f c h e a p a i r 

t r a v e l has h a d a d r a m a t i c i m p a c t on the sp r ead o f h u m a n disease i s o b v i o u s : 

d a r e w e w o n d e r w h e t h e r the ph ra se ' t r a v e l b u g ' m i g h t h a v e a m o r e than 

m e t a p h o r i c a l s i g n i f i c a n c e ? 

T h e r e a d e r w i l l p r o b a b l y , l ike m e , f i n d such s p e c u l a t i o n s far - fe tched. T h e y 

a re i n t e n d e d o n l y as l i g h t - h e a r t e d i l lus t ra t ions of the kind o f t h i n g tha t m i g h t 

g o o n (see a lso E w a l d , 1980, w h o d r a w s a t t en t ion t o the m e d i c a l s ign i f i cance 

of this k i n d of t h i n k i n g ) . A l l I r ea l ly need to es tab l i sh i s tha t in some e x a m p l e s 

hos t s y m p t o m s c a n p r o p e r l y be r e g a r d e d a s pa ras i t i c a d a p t a t i o n ; say , for 

i n s t ance , the P e t e r P a n s y n d r o m e in Tribolium i n d u c e d by p r o t o z o a n -

s y n t h e s i z e d j u v e n i l e h o r m o n e . G i v e n such a n a d m i t t e d pa ras i t e a d a p t a t i o n , 

the c o n c l u s i o n I w i s h to d r a w is no t r ea l ly d i s p u t a b l e . I f host b e h a v i o u r or 

p h y s i o l o g y i s a pa r a s i t e a d a p t a t i o n , the re m u s t be ( h a v e been) paras i t e genes 

' for ' m o d i f y i n g the hos t , a n d the host mod i f i c a t i ons a re therefore pa r t o f the 

p h e n o t y p i c exp re s s ion o f those pa ras i t e genes . T h e e x t e n d e d p h e n o t y p e 

r e a c h e s o u t o f the b o d y in w h o s e cel ls the g e n e s l ie , r e aches ou t to the l i v i n g 

tissues o f o t h e r o r g a n i s m s . 

T h e r e l a t i o n s h i p o f Sacculina g e n e to c r a b b o d y is no t in p r i n c i p l e different 

f rom the r e l a t i o n s h i p o f c a d d i s g e n e to s tone , no r i n d e e d different from the 

r e l a t i o n s h i p o f h u m a n g e n e to h u m a n skin . T h i s i s the f i r s t o f the poin ts tha t 

I i n t e n d e d to es tab l i sh in this c h a p t e r . I t has the c o r o l l a r y , w h i c h I h a v e 

a l r e a d y e m p h a s i z e d in o t h e r t e rms in C h a p t e r 4 , tha t the b e h a v i o u r o f an 

i n d i v i d u a l m a y no t a l w a y s b e i n t e r p r e t a b l e a s d e s i g n e d t o m a x i m i z e its o w n 

g e n e t i c w e l f a r e : i t m a y b e m a x i m i z i n g s o m e b o d y else 's g e n e t i c we l f a re , i n 

this case t ha t o f a pa r a s i t e ins ide it. In the n e x t c h a p t e r we shal l go further, 

a n d see tha t s o m e o f the a t t r i bu t e s o f a n i n d i v i d u a l m a y b e r e g a r d e d a s 

p h e n o t y p i c exp re s s ion o f g e n e s i n o t h e r i n d i v i d u a l s w h o need no t necessar i ly 

be paras i t es ins ide . 



Host Phenotypes o f Parasi te Genes 2 2 1 

T h e second po in t o f this p resen t c h a p t e r i s t h a t the g e n e s t h a t b e a r u p o n 

a n y g i v e n e x t e n d e d p h e n o t y p i c t ra i t m a y b e i n conf l i c t r a t h e r t h a n i n 

conce r t w i t h o n e a n o t h e r . I c o u l d ta lk i n te rms o f a n y o f t he e x a m p l e s g i v e n 

a b o v e , b u t I sha l l s t ick to o n e , the case of the snai l shel l t h i c k e n e d by the 

inf luence of a f luke . To r e c a p i t u l a t e tha t s tory in s l i gh t ly d i f ferent t e rms , a 

s tudent o f snai l gene t i c s a n d a s tuden t o f f luke g e n e t i c s m i g h t e a c h l o o k a t 

the s a m e p h e n o t y p i c v a r i a t i o n , v a r i a t i o n i n snai l shel l t h i cknes s . T h e snai l 

gene t ic i s t w o u l d pa r t i t i on the v a r i a n c e between a g e n e t i c a n d an e n v i r o n 

m e n t a l c o m p o n e n t , b y c o r r e l a t i n g the th ickness o f shel ls i n p a r e n t snai ls a n d 

their offspr ing. T h e f l u k e gene t i c i s t w o u l d i n d e p e n d e n t l y p a r t i t i o n the s a m e 

o b s e r v e d v a r i a n c e in to a g e n e t i c a n d an e n v i r o n m e n t a l c o m p o n e n t , i n his 

case by c o r r e l a t i n g the shel l th ickness o f snai ls c o n t a i n i n g p a r t i c u l a r f l ukes 

w i t h the shel l th ickness o f snai ls c o n t a i n i n g the offspr ing o f those s a m e f l ukes . 

As far as the snail genet ic is t is c o n c e r n e d , the f luke c o n t r i b u t i o n is pa r t 

o f w h a t he cal ls the ' e n v i r o n m e n t a l ' v a r i a t i o n . R e c i p r o c a l l y , for the f luke 

genet ic i s t , v a r i a t i o n d u e to snai l g e n e s i s ' e n v i r o n m e n t a l ' v a r i a t i o n . 

A n ' e x t e n d e d gene t i c i s t ' w o u l d a c k n o w l e d g e b o t h sources o f g e n e t i c 

v a r i a t i o n . H e w o u l d h a v e t o w o r r y a b o u t the fo rm o f the i r i n t e r a c t i o n — i s i t 

a d d i t i v e , m u l t i p l i c a t i v e , ' ep i s t a t i c ' , e t c . ? — b u t i n p r i n c i p l e s u c h w o r r i e s a r e 

a l r e a d y fami l i a r t o b o t h the snai l gene t i c i s t a n d the f l uke g e n e t i c i s t . W i t h i n 

a n y o r g a n i s m , different g e n e s in f luence the s a m e p h e n o t y p i c t ra i ts , a n d the 

form of the i n t e r ac t i on i s a p r o b l e m w i t h r e spec t to g e n e s w i t h i n o n e n o r m a l 

g e n o m e ju s t as m u c h as i t i s for genes in an ' e x t e n d e d ' g e n o m e . I n t e r a c t i o n s 

b e t w e e n the effects o f snai l g e n e a n d f luke g e n e a r e , i n p r i n c i p l e , no dif ferent 

f rom in te rac t ions b e t w e e n the effects o f o n e snai l g e n e a n d a n o t h e r snai l 

gene . 

A n d y e t , i t m a y be sa id , i s there no t a r a the r i m p o r t a n t d i f f e r ence? S n a i l 

g e n e m a y in t e r ac t w i t h snai l g e n e i n a d d i t i v e , m u l t i p l i c a t i v e , o r a n y o t h e r 

w a y s , b u t d o t hey no t b o t h h a v e the s a m e interests a t h e a r t ? B o t h h a v e b e e n 

se lec ted in the pas t b e c a u s e t h e y w o r k e d for the s a m e e n d , t he s u r v i v a l a n d 

r e p r o d u c t i o n o f the snails t ha t b o r e t h e m . F l u k e g e n e a n d f l u k e g e n e , t o o , a r e 

w o r k i n g for the s a m e e n d , the r e p r o d u c t i v e success o f the f l uke . B u t snai l 

g e n e a n d f l uke g e n e do no t h a v e the s a m e interests a t h e a r t . O n e i s s e l ec t ed 

to p r o m o t e snai l r e p r o d u c t i o n , the o the r to p r o m o t e f luke r e p r o d u c t i o n . 

T h e r e i s t ru th in the p ro tes t a t ions of the last p a r a g r a p h , b u t i t i s i m p o r t a n t 

to be c l ea r a b o u t e x a c t l y w h e r e tha t t ru th l ies. I t i s no t t ha t t he re i s s o m e 

o b v i o u s t r a d e - u n i o n spiri t u n i t i n g f luke g e n e s a g a i n s t a r i va l u n i o n o f snai l 

genes . T o persist w i t h this ha rmless a n t h r o p o m o r p h i s m , e a c h g e n e i s f i g h t i n g 

o n l y its a l le les a t the s a m e l ocus , a n d i t w i l l ' u n i t e ' w i t h g e n e s a t o t h e r loc i 

o n l y insofar as d o i n g so assists i t in its selfish w a r a g a i n s t its o w n a l l e l e s . A 

f l u k e g e n e m a y ' u n i t e ' w i t h o t h e r f l u k e genes i n this w a y bu t , e q u a l l y , i f i t 

w a s c o n v e n i e n t t o do so, i t m i g h t un i t e w i t h p a r t i c u l a r snai l g e n e s . A n d i f i t 

r ema ins t rue tha t snai l g e n e s a re in p r a c t i c e se l ec ted to w o r k t o g e t h e r w i t h 
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e a c h o t h e r a n d a g a i n s t a n o p p o s i n g g a n g o f f l u k e genes , the reason i s on ly 

tha t snai l g e n e s t end to g a i n from the s a m e even t s in the w o r l d as do o the r 

snai l g e n e s . F l u k e g e n e s s t and to g a i n from o t h e r even t s . A n d the rea l reason 

w h y snai l g e n e s s t a n d t o g a i n f rom the s a m e even t s a s e a c h o the r , w h i l e f l u k e 

g e n e s s t and to g a i n from a different set of even t s , i s s i m p l y th i s : a l l snai l genes 

share the s a m e r o u t e i n to the n e x t g e n e r a t i o n — s n a i l g a m e t e s . A l l f l u k e 

g e n e s , on the o t h e r h a n d , mus t use a different rou te , f luke c e r c a r i a e , to 

g e t i n to the n e x t g e n e r a t i o n . I t i s this fact a l o n e tha t ' un i t e s ' snai l genes 

a g a i n s t f l uke g e n e s a n d v i c e ve r sa . I f i t w e r e the case tha t the paras i t e genes 

passed ou t o f the hos t ' s b o d y ins ide the host ' s g a m e t e s , th ings m i g h t be v e r y 

dif ferent . T h e interes ts o f host genes a n d paras i t e g e n e s m i g h t not b e q u i t e 

i d e n t i c a l , b u t t h e y w o u l d then b e v e r y m u c h c loser t h a n i n the case o f f l u k e 

a n d sna i l . 

I t fo l lows f rom the e x t e n d e d p h e n o t y p e v i e w o f life, t hen , tha t c ruc i a l 

i m p o r t a n c e a t t a c h e s t o the m e a n s b y w h i c h paras i tes p r o p a g a t e their genes 

o u t o f a g i v e n hos t in to a n e w host . I f the pa ras i t e ' s m e a n s o f g e n e t i c ex i t 

f rom the hos t ' s b o d y i s the s a m e as the host ' s , n a m e l y the host 's g a m e t e s or 

spores , t he re w i l l be r e l a t i v e l y l i t t le conf l ic t b e t w e e n the ' in teres ts ' o f paras i te 

a n d hos t g e n e s . F o r e x a m p l e , b o t h w o u l d ' a g r e e ' a b o u t the o p t i m u m 

th ickness o f the hos t ' s she l l . B o t h w i l l be se lec ted to w o r k no t o n l y for host 

s u r v i v a l b u t for host r e p r o d u c t i o n a s w e l l , w i t h a l l tha t tha t en ta i l s . T h i s 

m i g h t i n c l u d e host success in c o u r t s h i p a n d e v e n , i f the pa ras i t es aspi re to be 

' i n h e r i t e d ' b y the hos t ' s o w n offspr ing, host success i n p a r e n t a l c a r e . U n d e r 

s u c h c i r c u m s t a n c e s the interests o f pa ra s i t e a n d host w o u l d be l ike ly t o 

c o i n c i d e to s u c h an e x t e n t t ha t i t m i g h t b e c o m e diff icul t for us to d e t e c t tha t 

a s e p a r a t e pa r a s i t e ex i s ted at a l l . I t i s c l e a r l y of g r e a t interest for 

pa ras i to log i s t s a n d ' s y m b i o l o g i s t s ' t o s t u d y such v e r y i n t i m a t e paras i tes o r 

s y m b i o n t s , s y m b i o n t s w i t h an in teres t i n the success o f the i r host ' s g a m e t e s 

a s w e l l a s i n the s u r v i v a l o f the i r host ' s b o d y . S o m e l i chens m i g h t be p romis 

i n g e x a m p l e s , a n d s o m i g h t b a c t e r i a l e n d o s y m b i o n t s o f insects w h i c h are 

t r ansmi t t ed t r a n s o v a r i a l l y a n d in s o m e cases seem to in f luence the host sex 

r a t i o ( P e l e g & N o r r i s 1 9 7 2 ) . 

M i t o c h o n d r i a , c h l o r o p l a s t s , a n d o t h e r ce l l o r g a n e l l e s w i t h thei r o w n 

r e p l i c a t i n g D N A m i g h t a lso b e g o o d c a n d i d a t e s for s tudy i n this c o n n e c t i o n . 

A f a s c i n a t i n g a c c o u n t o f ce l l o r g a n e l l e s a n d m i c r o o r g a n i s m s seen as semi-

a u t o n o m o u s s y m b i o n t s i n h a b i t i n g a c e l l u l a r e c o l o g y i s g i v e n in the 

p r o c e e d i n g s of a s y m p o s i u m en t i t l ed The Cell as a Habitat, ed i t ed by 

R i c h m o n d a n d S m i t h ( 1 9 7 9 ) . T h e c l o s i n g w o r d s o f S m i t h ' s i n t r o d u c t o r y 

c h a p t e r a re p a r t i c u l a r l y m e m o r a b l e a n d a p p o s i t e : ' I n n o n - l i v i n g hab i t a t s , a n 

o r g a n i s m e i t he r exists o r i t does no t . In the ce l l h a b i t a t , an i n v a d i n g 

o r g a n i s m c a n p r o g r e s s i v e l y lose p i eces o f itself, s l o w l y b l e n d i n g in to the 

g e n e r a l b a c k g r o u n d , its f o rmer ex i s t ence b e t r a y e d o n l y b y s o m e rel ic . 

I n d e e d , o n e i s r e m i n d e d o f A l i c e i n W o n d e r l a n d ' s e n c o u n t e r w i t h the 
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C h e s h i r e C a t . A s she w a t c h e d it , " i t v a n i s h e d q u i t e s l o w l y , b e g i n n i n g w i t h 

the tai l , a n d e n d i n g w i t h the g r i n , w h i c h r e m a i n e d s o m e t i m e after t he rest o f 

i t had g o n e " ' ( S m i t h 1 9 7 9 ) . M a r g u l i s ( 1 9 7 6 ) g i v e s a n i n t e r e s t i ng s u r v e y o f 

all the d e g r e e s o f v a n i s h i n g o f the g r i n . 

R i c h m o n d ' s ( 1 9 7 9 ) c h a p t e r , t oo , i s v e r y c o n g e n i a l t o the p resen t thes i s : ' I t 

i s c o n v e n t i o n a l to r e g a r d cel ls a s uni ts o f b i o l o g i c a l f u n c t i o n . A n o t h e r v i e w , 

p a r t i c u l a r l y appos i t e to this s y m p o s i u m , i s tha t the ce l l i s the m i n i m a l un i t 

c a p a b l e o f r e p l i c a t i n g D N A . . . S u c h a c o n c e p t p l a c e s D N A a t the c e n t r e o f 

b i o l o g y . T h u s D N A i s not r e g a r d e d s i m p l y a s a h e r e d i t a r y m e a n s o f e n s u r i n g 

the l o n g t e r m s u r v i v a l o f the o r g a n i s m s o f w h i c h i t fo rms p a r t . R a t h e r , i t 

stresses tha t the p r i m a r y role o f cel ls i s to m a x i m i z e the a m o u n t a n d d i v e r s i t y 

o f D N A i n the b i o s p h e r e . . . ' T h i s last r e m a r k , i n c i d e n t a l l y , i s u n f o r t u n a t e . 

M a x i m i z i n g the a m o u n t a n d d ive r s i ty o f D N A i n the b i o s p h e r e i s the 

c o n c e r n o f n o b o d y a n d n o t h i n g . R a t h e r , e a c h s m a l l p i e c e o f D N A i s se l ec ted 

for its p o w e r to m a x i m i z e its own s u r v i v a l a n d r e p l i c a t i o n . R i c h m o n d g o e s 

o n : ' I f the ce l l i s c o n s i d e r e d as a un i t for the r e p l i c a t i o n o f D N A , i t fo l lows 

that D N A a d d i t i o n a l t o tha t r e q u i r e d for the d u p l i c a t i o n o f the ce l l m a y a l so 

b e c a r r i e d ; m o l e c u l a r pa ras i t i sm, symbios i s a n d m u t u a l i s m m a y o c c u r a t the 

D N A leve l , a s i t does a t h i g h e r o r g a n i z a t i o n a l l eve l s i n b i o l o g y . ' W e h a v e 

a r r ived b a c k a t the c o n c e p t o f 'selfish D N A ' w h i c h w a s a s u b j e c t o f 

C h a p t e r 9 . 

I t i s in te res t ing to s p e c u l a t e on w h e t h e r m i t o c h o n d r i a , c h l o r o p l a s t s , a n d 

o t h e r D N A - b e a r i n g o r g a n e l l e s o r i g i n a t e d f rom p a r a s i t i c p r o k a r y o t e s 

( M a r g u l i s 1970 , 1981) . Bu t , i m p o r t a n t as t ha t q u e s t i o n i s as a m a t t e r of 

h is tory, i t does no t bea r , o n e w a y o r the o the r , on my p resen t c o n c e r n . I am 

here in teres ted i n w h e t h e r m i t o c h o n d r i a l D N A i s l i ke ly t o w o r k for the s a m e 

p h e n o t y p i c ends a s n u c l e a r D N A , o r w h e t h e r i t i s l i ke ly to be in con f l i c t w i t h 

it. T h i s shou ld d e p e n d not o n the his tor ic o r ig in s o f m i t o c h o n d r i a b u t o n 

their present m e t h o d o f p r o p a g a t i n g thei r D N A . M i t o c h o n d r i a l g e n e s a re 

passed o u t o f o n e m e t a z o a n b o d y in to a b o d y o f the n e x t g e n e r a t i o n i n e g g 

c y t o p l a s m . A n o p t i m a l f e m a l e p h e n o t y p e f rom the p o i n t o f v i e w o f the 

female ' s o w n n u c l e a r g e n e s i s l i ke ly t o be v e r y m u c h the s a m e a s an o p t i m a l 

female p h e n o t y p e from the po in t o f v i e w o f he r m i t o c h o n d r i a l D N A . B o t h 

h a v e a n interest i n he r successful ly s u r v i v i n g , r e p r o d u c i n g , a n d r e a r i n g 

offspring. At least , tha t i s t rue as far as f e m a l e of fspr ing a r e c o n c e r n e d . 

M i t o c h o n d r i a p r e s u m a b l y h a v e no ' w i s h ' for the i r b o d i e s to h a v e sons : a 

m a l e b o d y represents the end of the l ine as far as m i t o c h o n d r i a l d e s c e n t i s 

c o n c e r n e d . A l l m i t o c h o n d r i a i n ex i s t ence h a v e spen t the vas t m a j o r i t y o f 

their ances t r a l ca ree r s i n f e m a l e bod ie s , a n d t hey m i g h t t end t o h a v e w h a t 

i t takes to persist in i n h a b i t i n g f ema le bod ie s . In b i rds the in teres ts of 

m i t o c h o n d r i a l D N A wi l l b e c lose ly s imi la r t o those o f Y - c h r o m o s o m a l D N A , 

and s l igh t ly d i v e r g e n t f rom those o f a u t o s o m a l a n d X - c h r o m o s o m a l D N A . 

A n d i f m i t o c h o n d r i a l D N A c o u l d exer t p h e n o t y p i c p o w e r i n the e g g o f a 
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m a m m a l , i t i s p e r h a p s no t too fanciful to i m a g i n e i t f r an t i ca l ly f igh t ing off 

the kiss o f d e a t h o f Y - b e a r i n g spe rms ( E b e r h a r d 1980 ; C o s m i d e s & T o o b y 

1981) . B u t i n a n y case , i f the interests o f m i t o c h o n d r i a l D N A a n d n u c l e a r 

D N A a r e n o t a l w a y s i d e n t i c a l , t h e y a re v e r y c lose , c e r t a i n l y m u c h closer 

t h a n the in teres ts o f f luke D N A a n d snai l D N A . 

T h e m e s s a g e o f the p resen t sec t ion i s this. T h e fact tha t snai l g e n e s conf l ic t 

w i t h f l uke g e n e s m o r e t h a n t h e y conf l ic t w i t h o the r snai l g e n e s a t different 

l oc i i s no t the o b v i o u s f o r e g o n e c o n c l u s i o n i t m i g h t a p p e a r to be . I t results 

s i m p l y f rom the fac t t ha t a n y t w o g e n e s in a snai l n u c l e u s a re o b l i g e d to use 

the s a m e ex i t r o u t e f rom the p resen t b o d y in to the fu ture . B o t h h a v e the 

s a m e s t ake in t he success o f the p resen t snai l i n m a n u f a c t u r i n g g a m e t e s , 

g e t t i n g t h e m fe r t i l i zed , a n d s e c u r i n g the s u r v i v a l a n d r e p r o d u c t i o n o f the 

offspr ing so f o r m e d . F l u k e g e n e s conf l i c t w i t h snai l g e n e s in the i r in f luence on 

the s h a r e d p h e n o t y p e , s i m p l y b e c a u s e the i r des t iny is sha red for o n l y a short 

p a r t o f the f u t u r e : the i r c o m m o n c a u s e i s l imi t ed to the life o f the present 

host b o d y , a n d does no t c a r r y o v e r in to the g a m e t e s a n d offspr ing o f the 

p resen t hos t . 

T h e ro le o f m i t o c h o n d r i a i n the a r g u m e n t i s t o e x e m p l i f y cases w h e r e 

pa ra s i t e a n d hos t g e n e s sha re the s a m e g a m e t i c des t iny , a t least in par t . I f 

n u c l e a r g e n e s do no t conf l i c t w i t h n u c l e a r g e n e s a t o t h e r loc i , i t i s o n l y 

b e c a u s e me ios i s i s e v e n - h a n d e d : meios is does no t n o r m a l l y f a v o u r some loci 

o v e r o the r s , n o r s o m e a l l e l es o v e r o thers , b u t s c r u p u l o u s l y pu ts o n e g e n e a t 

r a n d o m f rom e a c h d i p l o i d pa i r i n e v e r y g a m e t e . O f cour se the re are 

i n s t ruc t i ve e x c e p t i o n s , a n d for my thesis t hey a re suff ic ient ly i m p o r t a n t to 

h a v e d o m i n a t e d the t w o c h a p t e r s o n ' o u t l a w s ' a n d 'selfish D N A ' . T h e r e , a s 

he re , an i m p o r t a n t m e s s a g e i s tha t r e p l i c a t i n g ent i t ies w i l l t end to w o r k 

a g a i n s t e a c h o t h e r t o the ex t en t t ha t t hey e m p l o y different m e t h o d s o f egress 

f rom v e h i c l e t o v e h i c l e . 

R e t u r n i n g t o the m a i n sub jec t o f the p resen t c h a p t e r , pa ras i t i c a n d 

s y m b i o t i c r e l a t i onsh ip s c a n be classif ied in v a r i o u s w a y s for different 

pu rposes . T h e c lass i f ica t ions d e v e l o p e d b y paras i to log i s t s a n d doc to r s a re n o 

d o u b t useful for the i r pu rposes , b u t I w a n t to d e v e l o p a p a r t i c u l a r 

c lass i f i ca t ion b a s e d o n the c o n c e p t o f g e n e p o w e r . I t s h o u l d b e r e m e m b e r e d 

tha t , f rom this p o i n t o f v i e w , the n o r m a l r e l a t i onsh ip b e t w e e n different genes 

i n the s a m e n u c l e u s , e v e n on the s a m e c h r o m o s o m e , i s j u s t o n e e x t r e m e on 

the c o n t i n u u m o f pa r a s i t i c o r s y m b i o t i c r e l a t ionsh ips . 

T h e first d i m e n s i o n o f m y c lass i f ica t ion has a l r e a d y b e e n stressed. I t 

c o n c e r n s the d e g r e e o f s im i l a r i t y o r d i f fe rence in the m e t h o d s o f egress from 

hosts , a n d p r o p a g a t i o n o f hos t g e n e s a n d pa ras i t e genes . A t o n e e x t r e m e wi l l 

be pa ras i t es t ha t use the host ' s p r o p a g u l e s for their o w n r e p r o d u c t i o n . F o r 

s u c h pa ras i t e s a n o p t i m u m host p h e n o t y p e from the pa ras i t e ' s p o i n t o f v i e w 

i s l i ke ly to c o i n c i d e w i t h the o p t i m u m from the po in t o f v i e w o f the host 's 

o w n g e n e s . T h i s i s n o t to say tha t the host genes w o u l d no t ' p re fe r ' t o be rid 
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of the paras i t e a l t o g e t h e r . B u t b o t h h a v e an in teres t i n m a s s - p r o d u c i n g the 

same p r o p a g u l e s , a n d b o t h h a v e an in teres t i n d e v e l o p i n g a p h e n o t y p e tha t 

i s g o o d for m a s s - p r o d u c i n g those s a m e p r o p a g u l e s : the r i gh t b e a k l e n g t h , 

w i n g shape , c o u r t s h i p b e h a v i o u r , c l u t c h s ize , e tc . , d o w n t o m i n u t e de t a i l s o f 

all aspec ts o f the p h e n o t y p e . 

A t the o t h e r e x t r e m e wi l l b e paras i tes w h o s e g e n e s a r e passed o n no t i n the 

host 's r e p r o d u c t i v e p r o p a g u l e s bu t , say , in the hos t ' s e x h a l e d b r e a t h , o r in 

the host 's d e a d b o d y . In these cases the o p t i m u m host p h e n o t y p e f rom the 

paras i te g e n e s ' p o i n t o f v i e w i s l i ke ly to be v e r y dif ferent f rom the o p t i m u m 

host p h e n o t y p e f rom the host g e n e s ' p o i n t o f v i e w . T h e p h e n o t y p e w h i c h 

emerges wi l l be a c o m p r o m i s e . T h i s , then , i s o n e d i m e n s i o n of c lass i f ica t ion 

of hos t -pa r a s i t e r e l a t ionsh ips . I shal l ca l l i t the d i m e n s i o n of ' p r o p a g u l e 

o v e r l a p ' . 

A second d i m e n s i o n o f c lass i f ica t ion c o n c e r n s the t ime o f a c t i o n o f pa ra s i t e 

genes d u r i n g host d e v e l o p m e n t . A g e n e , w h e t h e r a host g e n e or a pa ra s i t e 

g e n e , c a n exe r t a m o r e f u n d a m e n t a l i n f luence on the f ina l hos t p h e n o t y p e i f 

i t ac ts e a r l y in the d e v e l o p m e n t of the host e m b r y o t h a n i f i t ac t s l a t e . A 

r ad i ca l c h a n g e such a s the d e v e l o p m e n t o f t w o h e a d s c o u l d be a c h i e v e d by a 

s ingle m u t a t i o n (in host o r pa ras i t e g e n o m e ) p r o v i d e d the m u t a t i o n a c t e d 

sufficiently e a r l y in the e m b r y o n i c d e v e l o p m e n t of the host . A l a t e - a c t i n g 

m u t a n t ( a g a i n , i n host o r pa ras i t e g e n o m e ) — a m u t a n t t ha t does no t b e g i n t o 

ac t unt i l the host b o d y has r e a c h e d a d u l t h o o d — i s l ike ly to h a v e o n l y a sma l l 

effect, s ince the g e n e r a l a r c h i t e c t u r e o f the b o d y w i l l , b y t hen , h a v e b e e n l a id 

d o w n . T h e r e f o r e a pa ra s i t e tha t enters its host after the hos t has r e a c h e d 

a d u l t h o o d is less l ike ly to h a v e a r a d i c a l effect on the hos t ' s p h e n o t y p e t h a n a 

paras i t e that ge ts i n ea r ly . T h e r e are n o t a b l e e x c e p t i o n s , h o w e v e r , such a s 

the paras i t i c cas t r a t ion o f Crus tacea a l r e a d y m e n t i o n e d . 

M y third d i m e n s i o n o f c lass i f ica t ion o f h o s t - p a r a s i t e r e l a t i ons c o n c e r n s the 

c o n t i n u u m from w h a t m a y be c a l l e d c lose i n t i m a c y to a c t i o n a t a d i s t a n c e . 

A l l genes exe r t p o w e r p r i m a r i l y b y s e r v i n g a s t e m p l a t e s for t he synthes is o f 

prote ins . T h e locus o f p r i m a r y g e n e p o w e r is, therefore , the ce l l , i n p a r t i c u l a r 

the c y t o p l a s m s u r r o u n d i n g the n u c l e u s i n w h i c h the g e n e sits. M e s s e n g e r 

R N A s t reams t h r o u g h the n u c l e a r m e m b r a n e a n d m e d i a t e s g e n e t i c c o n t r o l 

o v e r c y t o p l a s m i c b i o c h e m i s t r y . T h e p h e n o t y p i c exp re s s ion o f a g e n e i s t hen , 

in the f i rs t p l a c e , its i n f luence on c y t o p l a s m i c b i o c h e m i s t r y . In its tu rn , this 

inf luences the fo rm a n d s t ruc tu re o f the w h o l e ce l l , a n d the n a t u r e o f its 

c h e m i c a l a n d p h y s i c a l i n t e r ac t ions w i t h n e i g h b o u r i n g ce l l s . T h i s affects the 

b u i l d - u p o f m u l t i c e l l u l a r tissues, a n d in tu rn the d i f fe ren t i a t ion o f a v a r i e t y o f 

tissues i n the d e v e l o p i n g b o d y . F i n a l l y e m e r g e the a t t r i bu t e s o f the w h o l e 

o r g a n i s m tha t gross ana tomis t s a n d e tho logis t s iden t i fy a t the i r l eve l as 

p h e n o t y p i c express ions o f genes . 

W h e r e pa ras i t e g e n e s exe r t sha red p o w e r w i t h host g e n e s o v e r the s a m e 

host p h e n o t y p i c c h a r a c t e r i s t i c , the c o n f l u e n c e o f the t w o p o w e r s m a y o c c u r 
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a t a n y s t age in the c h a i n j u s t d e s c r i b e d . S n a i l genes , a n d the genes o f the 

f luke tha t pa ra s i t i z e s the sna i l , e x e r t the i r p o w e r s e p a r a t e l y from e a c h o ther 

a t the c e l l u l a r a n d e v e n the tissue l e v e l . T h e y in f luence the c y t o p l a s m i c 

c h e m i s t r y o f the i r r e s p e c t i v e cel ls s epa ra t e ly , b e c a u s e t hey do not share cel ls . 

T h e y i n f l u e n c e t issue f o r m a t i o n s e p a r a t e l y , b e c a u s e snai l tissues a re no t 

i n t i m a t e l y in f i l t ra ted by f luke tissues in the w a y that , say , the a l g a l a n d 

funga l tissues of a l i c h e n a re i n t i m a t e . S n a i l genes a n d f luke genes inf luence 

the d e v e l o p m e n t o f o r g a n sys tems , i n d e e d o f w h o l e o r g a n i s m s , sepa ra te ly , 

b e c a u s e al l the f luke cel ls a re g a t h e r e d t o g e t h e r in o n e mass r a the r than 

b e i n g in te r spersed a m o n g snai l ce l l s . I f f luke g e n e s in f luence snai l shell 

th ickness , t h e y do so by first c o l l a b o r a t i n g w i t h o t h e r f luke genes to m a k e a 

w h o l e f l u k e . 

O t h e r pa ras i t e s a n d s y m b i o n t s m o r e i n t i m a t e l y inf i l t ra te the sys tems o f the 

host . A t the e x t r e m e a r e the p l a s m i d s a n d o the r f r agmen t s o f D N A w h i c h , a s 

we s a w in C h a p t e r 9 , l i t e ra l ly inser t t hemse lves in the host c h r o m o s o m e s . I t 

i s i m p o s s i b l e to i m a g i n e a m o r e i n t i m a t e pa ras i t e . 'Self ish D N A ' i tself i s not 

m o r e i n t i m a t e , a n d i n d e e d w e m a y n e v e r k n o w h o w m a n y o f o u r genes , 

w h e t h e r ' j u n k ' o r ' usefu l ' , o r i g i n a t e d as inser ted p l a s m i d s . I t seems to fo l low 

f rom the thesis o f this b o o k tha t the re i s no i m p o r t a n t d i s t inc t ion b e t w e e n our 

' o w n ' g e n e s a n d pa ra s i t i c o r s y m b i o t i c inser t ion s e q u e n c e s . W h e t h e r they 

conf l i c t o r c o o p e r a t e w i l l d e p e n d no t on thei r h i s to r ica l o r ig ins bu t on the 

c i r c u m s t a n c e s f rom w h i c h t h e y s tand t o g a i n n o w . 

V i r u s e s h a v e the i r o w n p r o t e i n j a c k e t , bu t t hey inser t the i r D N A in to the 

hos t ' s c e l l . T h e y a r e therefore in a pos i t ion to i n f luence the c e l l u l a r chemis t ry 

o f the hos t a t an i n t i m a t e l e v e l , i f no t q u i t e such an i n t i m a t e l eve l a s an 

inse r t ion s e q u e n c e in the host c h r o m o s o m e . I n t r a c e l l u l a r paras i tes in the 

c y t o p l a s m , too , m a y be p r e s u m e d to be in a pos i t ion to exe r t c o n s i d e r a b l e 

p o w e r o v e r hos t p h e n o t y p e s . 

S o m e pa ras i t e s do no t inf i l t ra te the host a t the c e l l u l a r l eve l , b u t a t the 

t issue l e v e l . E x a m p l e s a r e Sacculina, a n d m a n y funga l a n d p l a n t paras i tes , 

w h e r e pa r a s i t e ce l l s a n d hos t ce l l s a re d i s t inc t , b u t w h e r e the paras i t e i nvades 

the hos t ' s tissues b y m e a n s o f a n in t r i ca t e a n d f inely d i v i d e d roo t sys t em. T h e 

s e p a r a t e cel ls o f pa r a s i t i c b a c t e r i a a n d p r o t o z o a m a y inf i l t ra te the host tissues 

w i t h s i m i l a r l y c o m p r e h e n s i v e i n t i m a c y . To a s l igh t ly lesser ex t en t t han a ce l l 

pa r a s i t e , s u c h a ' t issue p a r a s i t e ' is in a s t rong pos i t ion to in f luence o r g a n 

d e v e l o p m e n t a n d gross p h e n o t y p i c fo rm a n d b e h a v i o u r . O t h e r in te rna l 

pa ras i t es , s u c h a s the f l ukes we h a v e b e e n d i scuss ing , do no t m i x thei r tissues 

w i t h those o f the host , b u t k e e p the i r tissues to t hemse lve s a n d exer t p o w e r 

o n l y a t the l e v e l o f the w h o l e o r g a n i s m . 

B u t w e h a v e no t y e t r e a c h e d the end o f o u r c o n t i n u u m o f p r o x i m i t y . N o t 

a l l pa ras i t e s l i ve p h y s i c a l l y ins ide the i r hosts . T h e y m a y e v e n s e l d o m c o m e 

in to c o n t a c t w i t h the i r hosts . A c u c k o o is a pa ra s i t e in v e r y m u c h the s a m e 

w a y as a f luke . B o t h a re w h o l e - o r g a n i s m paras i tes r a the r t han tissue paras i tes 
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or ce l l paras i tes . I f f luke g e n e s c a n be said to h a v e p h e n o t y p i c exp re s s ion in a 

snai l ' s b o d y , the re i s no sens ib le reason w h y c u c k o o g e n e s shou ld no t be sa id 

to h a v e p h e n o t y p i c express ion in a reed w a r b l e r ' s b o d y . T h e d i f fe rence is a 

p r a c t i c a l o n e , a n d a r a the r s m a l l e r o n e t h a n the d i f fe rence b e t w e e n , say , a 

ce l lu l a r pa ras i t e a n d a tissue pa ras i t e . T h e p r a c t i c a l d i f fe rence i s t ha t the 

c u c k o o does no t l ive ins ide the r eed w a r b l e r ' s b o d y , so has less o p p o r t u n i t y 

for m a n i p u l a t i n g the host ' s i n t e rna l b i o c h e m i s t r y . I t has to r e ly on o t h e r 

m e d i a for its m a n i p u l a t i o n , for i n s t ance sound w a v e s a n d l i g h t w a v e s . As 

discussed in C h a p t e r 4, i t uses a s u p e r n o r m a l l y b r i g h t g a p e to in jec t its 

con t ro l in to the reed w a r b l e r ' s n e r v o u s sys t em v i a the eyes . I t uses an 

espec ia l ly l o u d b e g g i n g c r y t o con t ro l the r eed w a r b l e r ' s n e r v o u s s y s t e m v i a 

the ears . C u c k o o genes , i n e x e r t i n g the i r d e v e l o p m e n t a l p o w e r o v e r host 

p h e n o t y p e s , h a v e to r e ly on a c t i o n a t a d i s t ance . 

T h e c o n c e p t o f g e n e t i c a c t i o n a t a d i s t a n c e pushes o u r i d e a o f the e x t e n d e d 

p h e n o t y p e ou t t o its l o g i c a l c u l m i n a t i o n . T h a t i s w h e r e we mus t go i n the 

n e x t c h a p t e r . 
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S n a i l shel ls co i l e i the r to the r igh t or to the left. U s u a l l y all 

i n d i v i d u a l s in o n e spec ies co i l the s a m e w a y , b u t a few p o l y m o r p h i c species 

a r e to be f o u n d . In the Pac i f i c i s land l a n d snai l Partula suturalis s o m e loca l 

p o p u l a t i o n s a re r i g h t - h a n d e d , o the r s a re l e f t -handed , a n d o thers a re m i x e d 

in v a r i o u s p r o p o r t i o n s . I t i s therefore poss ib le to s t u d y the gene t i c s of 

d i r e c t i o n a l i t y o f c o i l i n g ( M u r r a y & C l a r k e 1966) . W h e n snai ls from r ight -

h a n d e d p o p u l a t i o n s w e r e crossed w i t h snai ls f rom l e f t -handed p o p u l a t i o n s , 

e v e r y offspr ing c o i l e d the s a m e w a y as its ' m o t h e r ' ( the p a r e n t tha t p r o v i d e d 

the e g g : the sna i l s a re h e r m a p h r o d i t e s ) . T h i s m i g h t be t h o u g h t to i nd i ca t e a 

n o n - g e n e t i c m a t e r n a l i n f l u e n c e . B u t w h e n M u r r a y a n d C l a r k e crossed F 1 

snai ls w i t h e a c h o t h e r t h e y o b t a i n e d a c u r i o u s resul t . A l l the p r o g e n y w e r e 

l e f t - h a n d e d , r ega rd l e s s o f the d i r e c t i o n o f c o i l i n g o f e i ther p a r e n t . T h e i r 

i n t e r p r e t a t i o n of the results i s tha t c o i l i n g i s g e n e t i c a l l y d e t e r m i n e d , w i t h 

l e f t - h a n d e d n e s s d o m i n a n t t o r i g h t - h a n d e d n e s s , b u t tha t a n a n i m a l ' s 

p h e n o t y p e i s c o n t r o l l e d n o t by its o w n g e n o t y p e b u t by its m o t h e r ' s 

g e n o t y p e . T h u s the F1 i n d i v i d u a l s d i s p l a y e d the p h e n o t y p e s d i c t a t e d by 

the i r m o t h e r s ' g e n o t y p e s , a l t h o u g h all c o n t a i n e d the s a m e h e t e r o z y g o u s 

g e n o t y p e s s ince t h e y w e r e p r o d u c e d b y m a t i n g t w o p u r e s t ra ins . S i m i l a r l y , 

the F2 p r o g e n y o f F1 m a t i n g s a l l d i s p l a y e d the p h e n o t y p e a p p r o p r i a t e to an 

F1 g e n o t y p e — l e f t - h a n d e d s ince tha t i s d o m i n a n t a n d the F1 g e n o t y p e w a s 

h e t e r o z y g o u s . T h e u n d e r l y i n g g e n o t y p e s o f the F 2 g e n e r a t i o n p r e s u m a b l y 

s e g r e g a t e d in c lass ic 3 : 1 M e n d e l i a n fashion , b u t this d id not s h o w itself in 

the i r p h e n o t y p e s . I t w o u l d h a v e s h o w n i tse l f i n the p h e n o t y p e s o f their 

p r o g e n y . 

N o t e t ha t i t i s the m o t h e r ' s g e n o t y p e , no t he r p h e n o t y p e , w h i c h cont ro ls 

h e r offspr ing 's p h e n o t y p e . T h e F1 i n d i v i d u a l s t hemse lve s w e r e l e f t -handed o r 

r i g h t - h a n d e d i n e q u a l p r o p o r t i o n , y e t a l l h a d the s a m e h e t e r o z y g o u s 

g e n o t y p e , a n d a l l the re fore p r o d u c e d l e f t -handed offspr ing. A s imi la r effect 

h a d b e e n o b t a i n e d ea r l i e r in the f r e shwa te r snai l Limnaea peregra, t h o u g h in 

t ha t case r i g h t - h a n d e d n e s s w a s d o m i n a n t . O t h e r such ' m a t e r n a l effects ' h a v e 

228 
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l o n g been k n o w n t o gene t i c i s t s . A s F o r d ( 1 9 7 5 ) p u t it , ' W e h a v e h e r e s i m p l e 

M e n d e l i a n i n h e r i t a n c e the express ion o f w h i c h i s c o n s t a n t l y d e l a y e d o n e 

g e n e r a t i o n . ' T h e p h e n o m e n o n p e r h a p s arises w h e n the e m b r y o l o g i c a l e v e n t 

d e t e r m i n i n g the p h e n o t y p i c trai t o c c u r s so e a r l y in d e v e l o p m e n t a s t o be 

inf luenced b y m a t e r n a l m e s s e n g e r R N A from the e g g c y t o p l a s m , before the 

z y g o t e has b e g u n t o m a n u f a c t u r e its o w n m e s s e n g e r R N A . T h e d i r e c t i o n o f 

co i l i ng in snai ls i s d e t e r m i n e d by the in i t ia l d i r e c t i o n o f sp i ra l c l e a v a g e , 

w h i c h o c c u r s before the e m b r y o ' s o w n D N A has b e g u n t o w o r k ( C o h e n 

1 9 7 7 ) -

T h i s k ind o f effect p r o v i d e s a spec i a l o p p o r t u n i t y for the k i n d o f m a t e r n a l 

m a n i p u l a t i o n o f offspring tha t we discussed i n C h a p t e r 4 . M o r e g e n e r a l l y , i t 

is a spec ia l e x a m p l e of g e n e t i c ' a c t i o n at a d i s t a n c e ' . I t i l lus t ra tes , in a 

p a r t i c u l a r l y c l ea r a n d s i m p l e m a n n e r , t ha t the p o w e r o f a g e n e m a y e x t e n d 

b e y o n d the b o u n d a r i e s o f the b o d y i n w h o s e cel ls i t sits ( H a l d a n e 1 9 3 2 b ) . W e 

c a n n o t h o p e tha t a l l g e n e t i c a c t i o n a t a d i s t a n c e w i l l r e v e a l i t se l f in so 

e l egan t a M e n d e l i a n m a n n e r as in the case of t he sna i l s . J u s t as , in 

c o n v e n t i o n a l g e n e t i c s , the M e n d e l i a n m a j o r g e n e s o f the s c h o o l r o o m a re the 

tip o f the i c e b e r g o f r ea l i t y , so we m a y m a k e con j ec tu r e s a b o u t a p o l y g e n i c 

' e x t e n d e d g e n e t i c s ' , a g e n e t i c s in w h i c h a c t i o n at a d i s t a n c e is rife b u t in 

w h i c h the effects o f the g e n e s a r e c o m p l e x a n d i n t e r a c t i n g , a n d the re fore 

difficult t o sort o u t . A g a i n a s i n c o n v e n t i o n a l g e n e t i c s , we do no t nece s sa r i l y 

h a v e t o do g e n e t i c e x p e r i m e n t s i n o r d e r t o infer the p r e s e n c e o f g e n e t i c 

inf luence on v a r i a t i o n . O n c e we h a v e satisfied ou r se lves tha t a g i v e n 

cha rac te r i s t i c is a D a r w i n i a n a d a p t a t i o n this, in itself, is t a n t a m o u n t to 

sat isfying ourse lves tha t v a r i a t i o n i n tha t c h a r a c t e r m u s t a t o n e t i m e h a v e 

h a d a g e n e t i c basis . I f i t h a d no t , se lec t ion c o u l d no t h a v e p r e s e r v e d the 

a d v a n t a g e o u s a d a p t a t i o n i n the p o p u l a t i o n . 

O n e p h e n o m e n o n tha t looks l ike a n a d a p t a t i o n a n d w h i c h , i n s o m e sense, 

i nvo lves a c t i o n a t a d i s t a n c e , i s the ' B r u c e Ef fec t ' . A f e m a l e m o u s e w h o has 

jus t b e e n i n s e m i n a t e d b y o n e m a l e has her p r e g n a n c y b l o c k e d b y e x p o s u r e t o 

c h e m i c a l in f luence f rom a s e c o n d m a l e . T h e effect seems a lso to o c c u r in a 

va r i e ty o f species o f m i c e a n d vo le s i n n a t u r e . S c h w a g m e y e r (1980) cons ide r s 

three m a i n h y p o t h e s e s o f the a d a p t i v e s i gn i f i c ance o f the B r u c e Effec t , b u t 

for the sake of a r g u m e n t I sha l l no t , he re , a d v o c a t e the h y p o t h e s i s t ha t 

S c h w a g m e y e r a t t r ibu tes to m e — t h a t the B r u c e Effect r ep resen t s a k i n d o f 

female a d a p t a t i o n . In s t ead I shal l look a t i t f rom the m a l e p o i n t o f v i e w , a n d 

s imp ly assume tha t the s econd m a l e benefi ts h i m s e l f b y p r e v e n t i n g the 

female ' s p r e g n a n c y , t h e r e b y e l i m i n a t i n g the offspr ing o f a m a l e r i v a l , w h i l e 

a t the s a m e t ime b r i n g i n g the f e m a l e q u i c k l y in to oes t rus so tha t he c a n m a t e 

w i th her himself . 

I h a v e expressed the h y p o t h e s i s in the l a n g u a g e of C h a p t e r 4 , the l a n g u a g e 

o f i n d i v i d u a l m a n i p u l a t i o n . B u t i t c a n e q u a l l y w e l l b e exp re s sed i n the 

l a n g u a g e o f the e x t e n d e d p h e n o t y p e a n d g e n e t i c a c t i o n a t a d i s t a n c e . G e n e s 
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i n m a l e m i c e h a v e p h e n o t y p i c express ion i n f e m a l e bod i e s , i n j u s t the s a m e 

sense as g e n e s in m o t h e r snai ls h a v e p h e n o t y p i c expres s ion in the bod ies o f 

the i r c h i l d r e n . In the snai l case , the m e d i u m of the a c t i o n a t a d i s t ance w a s 

a s s u m e d to be m a t e r n a l m e s s e n g e r R N A . In the m o u s e case i t i s a p p a r e n t l y a 

m a l e p h e r o m o n e . My thesis i s t ha t the d i f ference b e t w e e n the t w o cases i s not 

a f u n d a m e n t a l o n e . 

C o n s i d e r h o w a n ' e x t e n d e d gene t i c i s t ' m i g h t ta lk a b o u t the g e n e t i c a l 

e v o l u t i o n o f the B r u c e Effect . A m u t a n t g e n e arose w h i c h , w h e n present i n 

the b o d y o f a m a l e m o u s e , h a d p h e n o t y p i c express ion in the bod ies o f f ema le 

m i c e w i t h w h o m h e c a m e i n c o n t a c t . T h e r o u t e o f a c t i o n o f the g e n e o n its 

f inal p h e n o t y p e w a s l o n g a n d c o m p l e x , b u t no t n o t i c e a b l y m o r e s o than 

routes o f g e n e t i c a c t i o n w i t h i n bod ies c u s t o m a r i l y a re . I n c o n v e n t i o n a l 

w i t h i n - b o d y g e n e t i c s , the c h a i n o f c a u s a t i o n l e a d i n g from g e n e t o o b s e r v e d 

p h e n o t y p e m a y h a v e m a n y l inks . T h e f i r s t l ink i s a l w a y s R N A , the second i s 

p r o t e i n . A b i o c h e m i s t m a y d e t e c t the p h e n o t y p e tha t interests h i m a t this 

s e c o n d l ink s t a g e . Phys io log i s t s o r ana tomis t s w i l l not p i c k up the p h e n o t y p e 

tha t in teres ts t h e m un t i l m o r e s tages h a v e been passed . T h e y w i l l not 

c o n c e r n t h e m s e l v e s w i t h the de ta i l s o f these ea r l i e r l inks in the c h a i n , b u t wi l l 

t ake t h e m for g r a n t e d . W h o l e - o r g a n i s m gene t ic i s t s f ind i t sufficient to do 

b r e e d i n g e x p e r i m e n t s l o o k i n g o n l y a t w h a t , for t h e m , i s the f ina l l ink in the 

c h a i n , e y e c o l o u r , c r ink l iness o f ha i r , o r w h a t e v e r i t is. T h e b e h a v i o u r 

gene t i c i s t looks a t an e v e n m o r e d i s tan t l i n k — w a l t z i n g i n m i c e , c r e e p i n g -

t h r o u g h m a n i a i n s t i c k l e b a c k s , h y g i e n e i n h o n e y b e e s , e tc . H e a rb i t r a r i ly 

chooses to r e g a r d a b e h a v i o u r p a t t e r n as the end l ink in the c h a i n , bu t he 

k n o w s tha t the a b n o r m a l b e h a v i o u r o f a m u t a n t i s c a u s e d b y , say , a b n o r m a l 

n e u r o a n a t o m y , o r a b n o r m a l e n d o c r i n e p h y s i o l o g y . H e k n o w s tha t h e c o u l d 

h a v e l o o k e d w i t h a m i c r o s c o p e a t the n e r v o u s sys tem in o rde r to de t ec t his 

m u t a n t s , b u t h e p re fe r red t o l ook a t b e h a v i o u r ins tead (Brenne r 1 9 7 4 ) . H e 

m a d e an a r b i t r a r y d e c i s i o n to r e g a r d o b s e r v e d b e h a v i o u r a s the end l ink in 

the c h a i n o f c a u s a t i o n . 

W h i c h e v e r l ink in the c h a i n a gene t i c i s t chooses to r e g a r d as the 

' p h e n o t y p e ' o f in teres t , h e k n o w s tha t the dec i s ion w a s a n a r b i t r a r y one . H e 

m i g h t h a v e c h o s e n an ea r l i e r s t age , a n d he m i g h t h a v e chosen a la te r one . 

S o , a s t uden t o f the g e n e t i c s o f the B r u c e Effect c o u l d assay m a l e p h e r o m o n e s 

b i o c h e m i c a l l y in o r d e r t o d e t e c t the v a r i a t i o n u p o n w h i c h to base his gene t i c 

s t u d y . O r h e c o u l d l o o k fur ther b a c k i n the c h a i n , u l t i m a t e l y t o the 

i m m e d i a t e p o l y p e p t i d e p r o d u c t s o f the g e n e s c o n c e r n e d . O r h e c o u l d look 

l a te r in the c h a i n . 

W h a t i s the n e x t l a t e r l ink in the c h a i n after the m a l e p h e r o m o n e ? I t i s 

ou t s ide the m a l e b o d y . T h e c h a i n o f c a u s a t i o n e x t e n d s across a g a p in to the 

f e m a l e b o d y . I t g o e s t h r o u g h a n u m b e r o f s tages in the f e m a l e b o d y , a n d 

o n c e a g a i n o u r gene t i c i s t does no t h a v e t o b o t h e r h i m s e l f w i t h the de ta i l s . H e 
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chooses , for c o n v e n i e n c e , t o end his c o n c e p t u a l c h a i n a t the p o i n t w h e r e the 

g e n e causes p r e g n a n c y b l o c k a g e i n f ema les . T h a t i s the p h e n o t y p i c g e n e -

p r o d u c t w h i c h he finds mos t easy to assay , a n d i t i s the p h e n o t y p e w h i c h i s o f 

d i r ec t interest to h i m as a s tuden t o f a d a p t a t i o n in n a t u r e . A b o r t i o n in 

female m i c e , a c c o r d i n g to this hypo the s i s , is a p h e n o t y p i c effect of a g e n e in 

m a l e m i c e . 

H o w , then , w o u l d the ' e x t e n d e d gene t i c i s t ' v i s u a l i z e t he e v o l u t i o n o f the 

B r u c e Ef fec t? T h e m u t a n t g e n e w h i c h , w h e n p resen t i n m a l e s , has the 

p h e n o t y p i c effect in f e m a l e bod i e s o f c a u s i n g t h e m to a b o r t , i s f a v o u r e d by 

na tu ra l se lec t ion o v e r its a l l e les . I t i s f a v o u r e d b e c a u s e i t t ends to be c a r r i e d 

in the bod ies o f the offspr ing w h i c h the f e m a l e bea r s af ter b l o c k i n g h e r 

p rev ious p r e g n a n c y . B u t , f o l l o w i n g the h a b i t o f C h a p t e r 4 , w e n o w guess t h a t 

females w o u l d be u n l i k e l y t o s u b m i t t o such m a n i p u l a t i o n w i t h o u t r e s i s t ance , 

and tha t a k ind o f a r m s r a c e m i g h t d e v e l o p . I n the l a n g u a g e o f i n d i v i d u a l 

a d v a n t a g e , se l ec t ion w o u l d f a v o u r m u t a n t f ema le s t ha t res is ted t he 

p h e r o m o n a l m a n i p u l a t i o n o f the m a l e s . H o w w o u l d the ' e x t e n d e d g e n e t i c i s t ' 

think a b o u t this r e s i s t ance? B y i n v o k i n g the c o n c e p t o f the m o d i f i e r g e n e . 

O n c e a g a i n , w e tu rn f i r s t t o c o n v e n t i o n a l w i t h i n - b o d y g e n e t i c s t o r e m i n d 

ourse lves o f a p r i n c i p l e , t hen c a r r y tha t p r i n c i p l e o v e r i n to the r e a l m o f 

e x t e n d e d g e n e t i c s . I n w i t h i n - b o d y g e n e t i c s w e a r e q u i t e used t o the i d e a o f 

m o r e t han o n e g e n e af fec t ing v a r i a t i o n i n a n y g i v e n p h e n o t y p i c c h a r a c t e r . 

S o m e t i m e s i t i s c o n v e n i e n t to d e s i g n a t e o n e l ocus as h a v i n g the ' m a j o r ' effect 

o n the c h a r a c t e r , the o thers h a v i n g ' m o d i f y i n g ' effects. A t o t h e r t imes n o o n e 

locus p r e d o m i n a t e s o v e r the o thers suff ic ient ly t o be c a l l e d m a j o r . A l l the 

genes m a y b e t h o u g h t o f a s m o d i f y i n g the effects o f e a c h o t h e r . I n the 

c h a p t e r o n ' O u t l a w s a n d M o d i f i e r s ' , w e s a w tha t t w o loc i b e a r i n g o n the 

same p h e n o t y p i c c h a r a c t e r m a y b e sub jec t t o c o n f l i c t i n g se l ec t ion pressures . 

T h e end result m a y b e s t a l e m a t e , c o m p r o m i s e , o r o u t r i g h t v i c t o r y for o n e 

side o r the o the r . T h e p o i n t i s t ha t c o n v e n t i o n a l w i t h i n - b o d y g e n e t i c s i s 

a l r e a d y a c c u s t o m e d to t h i n k i n g o f the n a t u r a l se l ec t ion o f g e n e s a t d i f ferent 

loci b e a r i n g u p o n the s a m e p h e n o t y p i c c h a r a c t e r b u t i n o p p o s i t e d i r e c t i o n s . 

A p p l y the lesson i n the e x t e n d e d g e n e t i c s d o m a i n . T h e p h e n o t y p i c t ra i t o f 

interest i s a b o r t i o n i n f e m a l e m i c e . T h e g e n e s b e a r i n g u p o n i t no d o u b t 

i nc lude a set o f g e n e s in the f e m a l e ' s o w n b o d y , a n d a lso a n o t h e r set o f g e n e s 

in the m a l e ' s b o d y . In the case o f the m a l e g e n e s the l inks i n the c h a i n o f 

causa t ion i n c l u d e p h e r o m o n a l a c t i o n a t a d i s t a n c e , a n d this m a y m a k e the 

inf luence o f the m a l e genes seem v e r y i nd i r ec t . B u t the c a u s a l l inks in the 

case o f the f e m a l e g e n e s a re l ike ly to be n e a r l y a s i n d i r e c t , a l b e i t t h e y a r e 

conf ined inside he r b o d y . P r o b a b l y t h e y m a k e use o f v a r i o u s c h e m i c a l 

secret ions f l owing in he r b l o o d s t r e a m , w h e r e a s the m a l e g e n e s m a k e use, i n 

add i t i on , o f c h e m i c a l secre t ions f l o w i n g in the air . T h e p o i n t i s t ha t b o t h sets 

o f genes , b y l o n g a n d ind i r ec t c a u s a l l inks , b e a r u p o n the s a m e p h e n o t y p i c 
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c h a r a c t e r , a b o r t i o n in the f e m a l e , a n d e i the r set o f g e n e s m a y be r e g a r d e d a s 

modi f i e r s o f the o t h e r set, j u s t a s s o m e g e n e s w i t h i n e a c h set m a y be r e g a r d e d 

as modi f i e r s o f o the r s w i t h i n the s a m e set. 

M a l e g e n e s i n f l u e n c e the f e m a l e p h e n o t y p e . F e m a l e genes in f luence the 

f e m a l e p h e n o t y p e , a n d a lso m o d i f y the i n f luence o f m a l e genes . F o r a l l w e 

k n o w , f e m a l e g e n e s i n f luence the m a l e p h e n o t y p e i n c o u n t e r - m a n i p u l a t i o n , 

i n w h i c h case w e e x p e c t the se lec t ion o f modi f ie rs a m o n g g e n e s i n m a l e s . 

T h i s w h o l e s to ry c o u l d h a v e b e e n to ld i n the l a n g u a g e o f C h a p t e r 4 , the 

l a n g u a g e o f i n d i v i d u a l m a n i p u l a t i o n . T h e l a n g u a g e o f e x t e n d e d gene t i c s i s 

no t d e m o n s t r a b l y m o r e c o r r e c t . I t i s a different w a y of s a y i n g the s a m e th ing . 

T h e N e c k e r C u b e has f l i p p e d . R e a d e r s mus t d e c i d e for t hemse lves w h e t h e r 

t h e y l ike the n e w v i e w be t t e r t h a n the o l d . I sugges t tha t the w a y the 

e x t e n d e d gene t i c i s t tells the s tory o f the B r u c e Effect i s m o r e e l e g a n t a n d 

p a r s i m o n i o u s t h a n the w a y the c o n v e n t i o n a l gene t i c i s t w o u l d h a v e told it. 

B o t h gene t i c i s t s p o t e n t i a l l y h a v e to c o n t e n d w i t h a f o r m i d a b l y l o n g a n d 

c o m p l e x c h a i n o f c a u s a t i o n , l e a d i n g f rom g e n e t o p h e n o t y p e . B o t h a d m i t 

tha t the i r c h o i c e o f w h i c h l ink in the c h a i n to d e s i g n a t e a s the p h e n o t y p i c 

c h a r a c t e r o f i n t e r e s t — e a r l i e r l inks b e i n g c o n s i g n e d t o the e m b r y o l o g i s t — i s 

a r b i t r a r y . T h e c o n v e n t i o n a l gene t i c i s t m a k e s the fur ther a r b i t r a r y dec is ion 

to c u t off a l l c h a i n s a t the p o i n t w h e r e t hey r e a c h the ou t e r w a l l o f the b o d y . 

G e n e s affect p ro t e ins , a n d p ro te ins affect X w h i c h affects Y w h i c h affects Z 

w h i c h . . . affects the p h e n o t y p i c c h a r a c t e r o f in teres t . B u t the c o n v e n t i o n a l 

gene t i c i s t def ines ' p h e n o t y p i c effect ' in such a w a y tha t X, Y a n d Z mus t all 

b e con f ined ins ide o n e i n d i v i d u a l b o d y w a l l . T h e e x t e n d e d gene t ic i s t 

r e c o g n i z e s t ha t this c u t - o f f i s a r b i t r a r y , a n d he i s q u i t e h a p p y to a l l o w his X , 

Y a n d Z t o l e a p the g a p b e t w e e n o n e i n d i v i d u a l b o d y a n d a n o t h e r . T h e 

c o n v e n t i o n a l gene t i c i s t t akes in his s t r ide the b r i d g i n g o f g a p s b e t w e e n cells 

w i t h i n b o d i e s . H u m a n red b l o o d ce l l s , for i n s t ance , h a v e n o n u c l e i , a n d must 

express the p h e n o t y p e s o f g e n e s i n o t h e r ce l l s . S o w h y shou ld w e not , w h e n 

the o c c a s i o n w a r r a n t s it , c o n c e i v e o f the b r i d g i n g o f g a p s b e t w e e n cells i n 

dif ferent b o d i e s ? A n d w h e n wi l l the o c c a s i o n w a r r a n t i t? W h e n e v e r w e find 

i t c o n v e n i e n t , a n d this w i l l t end to be in a n y o f those cases w h e r e , in 

c o n v e n t i o n a l l a n g u a g e , o n e o r g a n i s m a p p e a r s t o b e m a n i p u l a t i n g ano the r . 

T h e e x t e n d e d gene t i c i s t w o u l d , i n fac t , b e q u i t e h a p p y t o r e w r i t e the w h o l e 

o f C h a p t e r 4 , f i x ing his g a z e on the n e w face o f the N e c k e r C u b e . I shal l 

spa re the r e a d e r a n y such r e w r i t i n g , a l t h o u g h i t w o u l d be an in te res t ing task 

to u n d e r t a k e . I sha l l no t p i le e x a m p l e on e x a m p l e of g e n e t i c a c t i o n a t a 

d i s t a n c e , b u t i n s t ead w i l l discuss the c o n c e p t , a n d p r o b l e m s tha t i t raises, 

m o r e g e n e r a l l y . 

In the c h a p t e r on a r m s r aces a n d m a n i p u l a t i o n I said tha t an o r g a n i s m ' s 

l i m b s m i g h t be a d a p t e d to w o r k for the genes o f a n o t h e r o r g a n i s m , a n d I 

a d d e d tha t this i d e a c o u l d no t be m a d e ful ly m e a n i n g f u l un t i l l a te r i n the 

b o o k . I m e a n t tha t i t c o u l d be m a d e m e a n i n g f u l in te rms o f g e n e t i c a c t i on a t 
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a d i s t ance . S o , w h a t does i t m e a n to say tha t a f e m a l e ' s m u s c l e s w o r k for a 

m a l e ' s g e n e s , or tha t a pa r en t ' s l imbs w o r k for its of fspr ing ' s g e n e s , or t ha t a 

reed w a r b l e r ' s l i m b s w o r k for a c u c k o o ' s g e n e s ? I t w i l l be r e m e m b e r e d tha t 

the ' cen t ra l t h e o r e m ' o f the selfish o r g a n i s m c l a i m s tha t an a n i m a l ' s 

b e h a v i o u r tends t o m a x i m i z e its o w n ( inc lus ive) fitness. W e s a w tha t t o t a lk 

of an i n d i v i d u a l b e h a v i n g so as to m a x i m i z e its i n c l u s i v e fitness i s e q u i v a l e n t 

t o t a lk ing o f the g e n e o r g e n e s ' for ' tha t b e h a v i o u r p a t t e r n m a x i m i z i n g the i r 

su rv iva l . We h a v e n o w a lso seen tha t , in p rec i se ly the s a m e sense as i t i s e v e r 

possible to ta lk of a g e n e ' for ' a b e h a v i o u r p a t t e r n , i t is poss ib le to t a lk of 

a g e n e , in o n e o r g a n i s m , ' for ' a b e h a v i o u r p a t t e r n (or o t h e r p h e n o 

typ ic cha rac t e r i s t i c ) i n a n o t h e r o r g a n i s m . P u t t i n g these th ree th ings t o g e t h e r 

w e a r r ive a t o u r o w n ' c e n t r a l t h e o r e m ' o f the e x t e n d e d p h e n o t y p e : 

An animal's behaviour tends to maximize the survival of the genes 'for' that 

behaviour, whether or not those genes happen to be in the body of the particular animal 

performing it. 

A n d h o w far af ield c a n the p h e n o t y p e e x t e n d ? I s t he re a n y l imi t t o a c t i o n 

a t a d i s t ance , a s h a r p cut-off, an inverse s q u a r e l a w ? T h e far thest a c t i o n a t a 

d i s t ance I c a n th ink of i s a m a t t e r of s eve ra l mi les , the d i s t a n c e s e p a r a t i n g 

the e x t r e m e m a r g i n s of a b e a v e r l ake f rom the g e n e s for w h o s e s u r v i v a l i t i s 

an a d a p t a t i o n . I f b e a v e r lakes c o u l d fossi l ize, we w o u l d p r e s u m a b l y see a 

t rend t o w a r d s i nc r ea sed l a k e s ize i f we a r r a n g e d the fossils i n c h r o n o l o g i c a l 

o rder . T h e inc rease i n s ize w a s doub t l e s s a n a d a p t a t i o n p r o d u c e d b y n a t u r a l 

se lec t ion , i n w h i c h case w e h a v e t o infer tha t the e v o l u t i o n a r y t r e n d c a m e 

a b o u t b y a l l e le r e p l a c e m e n t . I n the t e rms o f the e x t e n d e d p h e n o t y p e , a l le les 

for l a rger lakes r e p l a c e d a l le les for s m a l l e r l akes . In the s a m e t e rms , b e a v e r s 

c a n be said t o c a r r y w i t h i n t hemse lve s g e n e s w h o s e p h e n o t y p i c exp re s s ion 

ex tends m a n y mi les a w a y f rom the g e n e s t h e m s e l v e s . 

W h y no t h u n d r e d s o f mi l e s , t h o u s a n d s o f m i l e s ? C o u l d a n e c t o p a r a s i t e 

w h i c h s t ayed b e h i n d in E n g l a n d in jec t a s w a l l o w w i t h a d r u g w h i c h affected 

that s w a l l o w ' s b e h a v i o u r on its a r r i v a l i n A f r i c a , a n d c o u l d the c o n s e q u e n c e 

in A f r i c a be useful ly r e g a r d e d as the p h e n o t y p i c expres s ion o f pa r a s i t e g e n e s 

i n E n g l a n d ? T h e log ic o f the e x t e n d e d p h e n o t y p e m i g h t s e e m t o f a v o u r the 

idea , b u t I th ink in p r a c t i c e i t i s u n l i k e l y , a t leas t i f we a re t a l k i n g a b o u t 

p h e n o t y p i c expres s ion as adaptation. I see a c r u c i a l p r a c t i c a l d i f fe rence f rom 

the case o f the b e a v e r d a m . A g e n e in a b e a v e r w h i c h , w h e n c o m p a r e d w i t h 

its a l le les , causes a l a rge r l ake to c o m e in to ex i s t ence , c a n d i r e c t l y benef i t 

i tself by m e a n s o f its l ake . A l l e l e s c a u s i n g s m a l l e r l akes a re less l i ke ly to 

su rv ive , as a d i r ec t c o n s e q u e n c e of the i r s m a l l e r p h e n o t y p e s . I t is, h o w e v e r , 

ha rd to see h o w a g e n e in an E n g l i s h e c t o p a r a s i t e c o u l d benef i t itself, a t the 

expense of its a l le les in E n g l a n d , as a d i r e c t resul t of its A f r i c a n p h e n o t y p i c 

express ion . A f r i c a i s p r o b a b l y too far a w a y for the c o n s e q u e n c e s o f the g e n e ' s 

ac t ion to feed b a c k a n d affect the we l f a r e o f the g e n e itself. 

By the s a m e token , b e y o n d a c e r t a i n s ize o f b e a v e r l akes , i t w o u l d b e c o m e 
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h a r d to r e g a r d fur ther i nc reases in s ize as a d a p t a t i o n s . T h e reason i s that , 

b e y o n d a c e r t a i n s ize , o t h e r b e a v e r s t han the bu i lde r s o f the d a m are j u s t a s 

l ike ly to benef i t f rom e a c h i nc rea se in s ize as the d a m - b u i l d e r s t hemse lves . A 

b i g l ake benef i t s a l l the b e a v e r s in the a r ea , w h e t h e r t hey c r e a t e d i t o r 

w h e t h e r t h e y j u s t f ound i t a n d e x p l o i t e d it. S i m i l a r l y , e v e n i f a g e n e in an 

E n g l i s h a n i m a l c o u l d e x e r t s o m e p h e n o t y p i c effect o n A f r i c a w h i c h d i r ec t ly 

bene f i t ed the s u r v i v a l o f the g e n e ' s ' o w n ' a n i m a l , o t h e r E n g l i s h a n i m a l s o f 

the s a m e k i n d w o u l d a lmos t c e r t a i n l y benef i t j u s t a s m u c h . W e mus t not 

forget t ha t n a t u r a l s e l ec t ion is a l l a b o u t relative success . 

I t is a d m i t t e d l y poss ib le to speak of a g e n e as h a v i n g a p a r t i c u l a r 

p h e n o t y p i c e x p r e s s i o n , e v e n w h e n its o w n s u r v i v a l i s no t i n f luenced by tha t 

p h e n o t y p i c e x p r e s s i o n . In this sense, then , a g e n e in E n g l a n d m i g h t i ndeed 

h a v e p h e n o t y p i c exp re s s ion in a r e m o t e c o n t i n e n t w h e r e its c o n s e q u e n c e s do 

no t feed b a c k u p o n its o w n success in the E n g l i s h g e n e - p o o l . B u t I h a v e 

a l r e a d y a r g u e d tha t in the w o r l d of the e x t e n d e d p h e n o t y p e this i s not a 

p ro f i t ab l e w a y o f s p e a k i n g . I used the e x a m p l e o f footpr in ts in m u d as 

p h e n o t y p i c exp re s s ion o f g e n e s for foot s h a p e , a n d I g a v e my in ten t ion o f 

u s ing e x t e n d e d p h e n o t y p e l a n g u a g e o n l y w h e n the c h a r a c t e r c o n c e r n e d 

m i g h t c o n c e i v a b l y i n f luence , pos i t i ve ly o r n e g a t i v e l y , the r e p l i c a t i o n success 

o f the g e n e o r g e n e s c o n c e r n e d . 

I t is no t p l a u s i b l e , b u t i t he lps to m a k e the p o i n t i f I cons t ruc t a t h o u g h t 

e x p e r i m e n t in w h i c h i t w o u l d i n d e e d be useful to speak of a g e n e as h a v i n g 

p h e n o t y p i c e x p r e s s i o n e x t e n d i n g t o a n o t h e r c o n t i n e n t . S w a l l o w s re turn , e a c h 

y e a r , t o e x a c t l y the s a m e nest . I t fo l lows tha t an e c t o p a r a s i t e , w a i t i n g 

d o r m a n t in a s w a l l o w ' s nest in E n g l a n d , c a n e x p e c t to see the v e r y s a m e 

s w a l l o w b o t h be fo re a n d af ter the s w a l l o w ' s j o u r n e y t o A f r i c a . I f the paras i te 

c o u l d e n g i n e e r s o m e c h a n g e i n the s w a l l o w ' s b e h a v i o u r i n A f r i c a , i t m i g h t 

i n d e e d r e a p the c o n s e q u e n c e s o n the s w a l l o w ' s r e tu rn t o E n g l a n d . S u p p o s e , 

for i n s t a n c e , t ha t the pa r a s i t e needs a r a re t r ace e l e m e n t w h i c h is no t found 

in E n g l a n d , b u t w h i c h o c c u r s in the fat o f a p a r t i c u l a r A f r i c a n fly. S w a l l o w s 

n o r m a l l y h a v e no p r e f e r e n c e for this f ly , b u t the pa ras i t e , by in jec t ing a d r u g 

in to the s w a l l o w be fo re i t l e a v e s for A f r i c a , so c h a n g e s its d i e t a r y preferences 

a s to i nc rea se t he l i k e l i h o o d o f its e a t i n g s p e c i m e n s o f this f ly . W h e n the 

s w a l l o w re tu rns t o E n g l a n d , its b o d y c o n t a i n s e n o u g h o f the t r ace e l e m e n t t o 

benef i t the i n d i v i d u a l pa ra s i t e (or its c h i l d r e n ) w a i t i n g in the o r i g ina l nest, 

benef i t t h e m a t the e x p e n s e o f r iva l s w i t h i n the pa ras i t e spec ies . O n l y i n 

c i r c u m s t a n c e s s u c h as these w o u l d I w i sh to speak of a g e n e in o n e con t inen t 

a s h a v i n g p h e n o t y p i c expres s ion i n a n o t h e r c o n t i n e n t . 

T h e r e is a risk, w h i c h I h a d be t t e r forestal l , tha t such ta lk of a d a p t a t i o n on 

a g l o b a l s ca l e m a y c a l l t o the r e a d e r ' s m i n d the f a sh ionab le i m a g e o f the 

e c o l o g i c a l ' w e b ' , o f w h i c h the mos t e x t r e m e man i f e s t a t i on i s the ' G a i a ' 

h y p o t h e s i s o f L o v e l o c k ( 1 9 7 9 ) . M y w e b o f i n t e r l o c k i n g e x t e n d e d p h e n o t y p i c 

in f luences bea r s a superf icial r e s e m b l a n c e to the w e b s of m u t u a l d e p e n d e n c e 
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and symbios i s tha t b u l k so l a r g e l y in the p o p - e c o l o g y l i t e r a tu re (e .g . The 

Ecologist) a n d i n L o v e l o c k ' s b o o k . T h e c o m p a r i s o n c o u l d h a r d l y b e m o r e 

m i s l e a d i n g . S i n c e L o v e l o c k ' s G a i a h y p o t h e s i s has b e e n e n t h u s i a s t i c a l l y 

espoused by no less a scient is t t hen M a r g u l i s ( 1 9 8 1 ) , a n d e x t r a v a g a n t l y 

pra ised by M e l l a n b y ( 1 9 7 9 ) a s the w o r k o f a g e n i u s , i t c a n n o t be i g n o r e d , 

and I mus t d igress in o r d e r c a t e g o r i c a l l y to d i s c l a i m a n y c o n n e c t i o n w i t h the 

e x t e n d e d p h e n o t y p e . 

L o v e l o c k r i g h t l y r ega rds h o m e o s t a t i c s e l f - r egu la t ion a s o n e o f t he 

cha rac te r i s t i c ac t iv i t i e s o f l i v i n g o r g a n i s m s , a n d this l eads h i m to the d a r i n g 

hypo thes i s tha t the w h o l e E a r t h i s e q u i v a l e n t to a s ing le l i v i n g o r g a n i s m . 

W h e r e a s T h o m a s ' s ( 1 9 7 4 ) l i k e n i n g o f the w o r l d t o a l i v i n g ce l l c a n be 

a c c e p t e d as a t h r o w a w a y poe t i c l ine , L o v e l o c k c l e a r l y takes his 

E a r t h / o r g a n i s m c o m p a r i s o n ser ious ly e n o u g h to d e v o t e a w h o l e b o o k to it. 

H e rea l ly m e a n s it. His e x p l a n a t i o n s o f the n a t u r e o f the a t m o s p h e r e a re 

r ep resen ta t ive o f his ideas . T h e E a r t h has m u c h m o r e o x y g e n t h a n i s t y p i c a l 

o f c o m p a r a b l e p l ane t s . I t has l o n g b e e n w i d e l y s u g g e s t e d tha t g r e e n p l an t s 

are p r o b a b l y a lmos t en t i r e ly respons ib le for this h i g h o x y g e n c o n t e n t . M o s t 

p e o p l e w o u l d r e g a r d o x y g e n p r o d u c t i o n a s a b y p r o d u c t o f p l a n t a c t i v i t y , a n d 

a for tunate o n e for those of us w h o n e e d to b r e a t h e o x y g e n ( p r e s u m a b l y , t oo , 

we h a v e b e e n se lec ted t o b r e a t h e o x y g e n p a r t l y b e c a u s e the re i s so m u c h o f i t 

a b o u t ) . L o v e l o c k goes fur ther , a n d r e g a r d s o x y g e n p r o d u c t i o n b y p l an t s a s 

an a d a p t a t i o n on the pa r t o f the E a r t h / o r g a n i s m o r ' G a i a ' ( n a m e d after the 

G r e e k E a r t h g o d d e s s ) : p l an t s p r o d u c e o x y g e n because i t benef i t s life as a 

w h o l e . 

He uses the s a m e k ind o f a r g u m e n t for o t h e r gases t ha t o c c u r i n sma l l 

a m o u n t s : 

W h a t , then , i s the p u r p o s e o f m e t h a n e a n d h o w does i t r e l a t e t o 

o x y g e n ? O n e o b v i o u s func t ion i s t o m a i n t a i n the i n t e g r i t y o f the 

a n a e r o b i c zones o f its o r ig in [p . 7 3 ] . 

A n o t h e r p u z z l i n g a t m o s p h e r i c gas i s n i t rous o x i d e . . . W e m a y b e sure 

tha t the efficient b i o s p h e r e i s u n l i k e l y to s q u a n d e r the e n e r g y 

r e q u i r e d in m a k i n g this o d d g a s unless i t has s o m e useful func t ion . 

T w o poss ible uses c o m e t o m i n d . . . [p . 7 4 ] . 

A n o t h e r n i t r o g e n o u s g a s m a d e in l a r g e v o l u m e s in the soil a n d the sea 

a n d re leased t o the a i r i s a m m o n i a . . . A s w i t h m e t h a n e , the b i o s p h e r e 

uses a g r e a t d e a l o f e n e r g y in p r o d u c i n g a m m o n i a , w h i c h i s n o w 

en t i re ly o f b i o l o g i c a l o r i g i n . Its func t ion i s a l m o s t c e r t a i n l y to c o n t r o l 

the a c i d i t y o f the e n v i r o n m e n t . . . [p . 7 7 ] . 

T h e fatal f law i n L o v e l o c k ' s h y p o t h e s i s w o u l d h a v e i n s t an t ly o c c u r r e d t o 

h i m i f h e h a d w o n d e r e d a b o u t the l e v e l o f n a t u r a l s e l ec t ion p rocess w h i c h 
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w o u l d b e r e q u i r e d i n o r d e r t o p r o d u c e the E a r t h ' s s u p p o s e d a d a p t a t i o n s . 

H o m e o s t a t i c a d a p t a t i o n s i n i n d i v i d u a l bod ies e v o l v e b e c a u s e i n d i v i d u a l s 

w i t h i m p r o v e d h o m e o s t a t i c a p p a r a t u s pass o n thei r g e n e s m o r e effect ively 

t h a n i n d i v i d u a l s w i t h infer ior h o m e o s t a t i c a p p a r a t u s e s . F o r the a n a l o g y t o 

a p p l y s t r i c t ly , t he re w o u l d h a v e t o h a v e b e e n a set o f r iva l G a i a s , p r e s u m a b l y 

o n di f ferent p l a n e t s . B i o s p h e r e s w h i c h d i d no t d e v e l o p efficient homeos t a t i c 

r e g u l a t i o n o f the i r p l a n e t a r y a t m o s p h e r e s t e n d e d t o g o ex t inc t . T h e U n i v e r s e 

w o u l d h a v e t o b e full o f d e a d p l ane t s w h o s e h o m e o s t a t i c r e g u l a t i o n systems 

h a d fa i l ed , w i t h , d o t t e d a r o u n d , a hand fu l o f successful , w e l l - r e g u l a t e d 

p l a n e t s o f w h i c h E a r t h i s o n e . E v e n this i m p r o b a b l e s c e n a r i o i s no t sufficient 

t o l e a d t o the e v o l u t i o n o f p l a n e t a r y a d a p t a t i o n s o f the k ind L o v e l o c k 

p ropose s . I n a d d i t i o n w e w o u l d h a v e t o pos tu l a t e s o m e k ind o f r e p r o d u c t i o n , 

w h e r e b y successful p l a n e t s s p a w n e d cop ie s o f the i r life forms on n e w p lane t s . 

I am no t , o f c o u r s e , s u g g e s t i n g tha t L o v e l o c k b e l i e v e s i t h a p p e n e d l ike 

tha t . H e w o u l d su re ly c o n s i d e r the i d e a o f i n t e r p l a n e t a r y se lec t ion a s 

l u d i c r o u s as I d o . O b v i o u s l y he s i m p l y d i d no t see his h y p o t h e s i s as en t a i l i ng 

the h i d d e n a s s u m p t i o n s tha t I t h ink i t en ta i l s . He m i g h t d i spu te tha t i t does 

en ta i l those a s s u m p t i o n s , a n d m a i n t a i n tha t G a i a c o u l d e v o l v e he r g l o b a l 

a d a p t a t i o n s b y the o r d i n a r y processes o f D a r w i n i a n se lec t ion a c t i n g w i t h i n 

the o n e p l a n e t . I v e r y m u c h d o u b t tha t a m o d e l of s u c h a se lec t ion process 

c o u l d b e m a d e t o w o r k : i t w o u l d h a v e al l the no to r ious diff icul t ies o f ' g r o u p 

s e l e c t i o n ' . F o r i n s t a n c e , i f p l an t s a re supposed t o m a k e o x y g e n for the g o o d o f 

the b i o s p h e r e , i m a g i n e a m u t a n t p l a n t w h i c h s a v e d i tse l f the costs o f o x y g e n 

m a n u f a c t u r e . O b v i o u s l y i t w o u l d o u t r e p r o d u c e its m o r e pub l i c - sp i r i t ed 

c o l l e a g u e s , a n d g e n e s for pub l i c - sp i r i t ednes s w o u l d soon d i s a p p e a r . I t i s no 

use p r o t e s t i n g tha t o x y g e n m a n u f a c t u r e n e e d no t h a v e cos t s : i f i t d id no t h a v e 

costs , the mos t p a r s i m o n i o u s e x p l a n a t i o n o f o x y g e n p r o d u c t i o n i n p lants 

w o u l d be t he o n e the scient i f ic w o r l d a c c e p t s a n y w a y , t ha t o x y g e n i s a b y 

p r o d u c t o f s o m e t h i n g the p l an t s do for the i r o w n selfish g o o d . I do not d e n y 

tha t s o m e b o d y m a y , o n e d a y , p r o d u c e a w o r k a b l e m o d e l o f the evo lu t i on o f 

G a i a (poss ib ly a l o n g the l ines o f ' M o d e l 2 ' b e l o w ) , a l t h o u g h I pe r sona l ly 

d o u b t it. B u t i f L o v e l o c k has such a m o d e l in m i n d he does no t m e n t i o n it. 

I n d e e d , he g i v e s no i n d i c a t i o n tha t the re i s a diff icul t p r o b l e m here . 

T h e G a i a h y p o t h e s i s i s a n e x t r e m e fo rm o f w h a t , for o ld t imes ' sake 

a l t h o u g h i t i s n o w r a t h e r unfa i r , I shal l c o n t i n u e to ca l l the ' B B C T h e o r e m ' . 

T h e Br i t i sh B r o a d c a s t i n g C o r p o r a t i o n i s r i g h t l y p ra i sed for the e x c e l l e n c e o f 

its n a t u r e p h o t o g r a p h y , a n d i t u s u a l l y s t r ings these a d m i r a b l e v i sua l images 

t o g e t h e r w i t h a ser ious c o m m e n t a r y . T h i n g s are c h a n g i n g n o w , bu t for years 

the d o m i n a n t m e s s a g e o f these c o m m e n t a r i e s w a s o n e tha t h a d been e l eva t ed 

a l m o s t t o the s ta tus o f a r e l i g i o n b y p o p ' e c o l o g y ' . T h e r e w a s s o m e t h i n g 

c a l l e d the ' b a l a n c e o f n a t u r e ' , a n e x q u i s i t e l y fash ioned m a c h i n e i n w h i c h 

p l an t s , h e r b i v o r e s , c a r n i v o r e s , pa ras i t es , a n d s c a v e n g e r s e a c h p l a y e d their 

a p p o i n t e d ro le for the g o o d o f a l l . T h e o n l y t h i n g tha t t h r e a t e n e d this de l i ca t e 
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e c o l o g i c a l c h i n a shop w a s the insens i t ive b u l l o f h u m a n p rog res s , t he 

b u l l d o z e r o f . . . , e tc . T h e w o r l d needs the p a t i e n t , t o i l i n g d u n g bee t l e s a n d 

o the r s c a v e n g e r s , bu t for w h o s e selfless efforts as t he s a n i t a r y w o r k e r s o f the 

w o r l d . . . , e tc . H e r b i v o r e s n e e d thei r p r e d a t o r s , b u t for w h o m the i r 

p o p u l a t i o n s w o u l d soar ou t o f c o n t r o l a n d t h r e a t e n t h e m w i t h e x t i n c t i o n , j u s t 

a s m a n ' s p o p u l a t i o n wi l l unless . . . , e t c . T h e B B C T h e o r e m i s of ten expres sed 

i n terms o f the p o e t r y o f w e b s a n d n e t w o r k s . T h e w h o l e w o r l d i s a f ine-

meshed n e t w o r k o f in t e r r e l a t ionsh ips , a w e b o f c o n n e c t i o n s w h i c h i t has 

t aken thousands o f yea r s t o b u i l d u p , a n d w o e b e t i d e m a n k i n d i f w e t ea r i t 

d o w n . . . , e tc . 

T h e r e is, n o d o u b t , m u c h m e r i t i n the mora l i s t i c e x h o r t a t i o n s t ha t s e e m t o 

f l ow from the B B C T h e o r e m , b u t tha t does no t m e a n its t h e o r e t i c a l basis i s 

sound . Its w e a k n e s s i s the o n e I h a v e a l r e a d y e x p o s e d in the G a i a h y p o t h e s i s . 

A n e t w o r k o f r e l a t ionsh ips the re m a y be , b u t i t i s m a d e up o f s m a l l , self-

in teres ted c o m p o n e n t s . En t i t i e s tha t p a y the costs o f f u r t h e r i n g the w e l l -

b e i n g of the e c o s y s t e m as a w h o l e w i l l t end to r e p r o d u c e t h e m s e l v e s less 

successful ly t han r iva l s tha t e x p l o i t the i r p u b l i c - s p i r i t e d c o l l e a g u e s , a n d 

c o n t r i b u t e n o t h i n g t o the g e n e r a l w e l f a r e . H a r d i n (1968) s u m m e d the 

p r o b l e m u p i n his m e m o r a b l e ph ra se ' T h e t r a g e d y o f the c o m m o n s ' , a n d 

m o r e r ecen t ly ( H a r d i n 1978) i n the a p h o r i s m , ' N i c e g u y s finish las t ' . 

I h a v e d e a l t w i t h the B B C T h e o r e m a n d the G a i a h y p o t h e s i s , b e c a u s e o f 

the d a n g e r tha t m y o w n l a n g u a g e o f the e x t e n d e d p h e n o t y p e a n d a c t i o n a t a 

d i s t ance m a y sound l ike s o m e o f the m o r e e x u b e r a n t l y e x t e n d e d n e t w o r k s 

a n d w e b s o f the T V ' e co log i s t s ' . T o e m p h a s i z e the d i f fe rence , t hen , let m e 

b o r r o w the rhe to r i c o f w e b s a n d n e t w o r k s , b u t use i t i n a v e r y d i f ferent w a y , 

to e x p l a i n the i d e a o f the e x t e n d e d p h e n o t y p e a n d o f g e n e t i c a c t i o n a t a 

d i s tance . 

L o c i i n g e r m - l i n e c h r o m o s o m e s are h o t l y con t e s t ed p i e c e s o f p r o p e r t y . T h e 

contes tants a re a l l e l o m o r p h i c r ep l i ca to r s . M o s t o f the r e p l i c a t o r s i n the w o r l d 

h a v e w o n their p l a c e i n i t b y d e f e a t i n g a l l a v a i l a b l e a l t e r n a t i v e a l l e l e s . T h e 

w e a p o n s w i t h w h i c h t hey w o n , a n d the w e a p o n s w i t h w h i c h the i r r iva l s lost , 

a re the i r r e spec t i ve p h e n o t y p i c c o n s e q u e n c e s . T h e s e p h e n o t y p i c c o n 

sequences are c o n v e n t i o n a l l y t h o u g h t of as b e i n g res t r i c ted to a s m a l l f ield 

a r o u n d the r e p l i c a t o r itself, its b o u n d a r i e s b e i n g de f ined b y the b o d y w a l l o f 

the i n d i v i d u a l o r g a n i s m in w h o s e cel ls the r e p l i c a t o r sits. B u t the n a t u r e o f 

the causa l i n f luence o f g e n e on p h e n o t y p e i s such tha t i t m a k e s no sense to 

th ink o f the field o f in f luence a s b e i n g l i m i t e d i n this a r b i t r a r y w a y , a n y m o r e 

t han i t m a k e s sense to th ink o f i t a s l i m i t e d to i n t r a c e l l u l a r b i o c h e m i s t r y . We 

must th ink o f e a c h r e p l i c a t o r as the c e n t r e o f a field o f i n f l u e n c e on the w o r l d 

a t l a r g e . C a u s a l in f luence r ad i a t e s ou t f rom the r e p l i c a t o r , b u t its p o w e r does 

not d e c a y w i t h d i s t a n c e a c c o r d i n g t o a n y s i m p l e m a t h e m a t i c a l l a w . I t t r ave l s 

w h e r e v e r i t c a n , far o r nea r , a l o n g a v a i l a b l e a v e n u e s , a v e n u e s o f i n t r a c e l l u l a r 

b i o c h e m i s t r y , o f i n t e r c e l l u l a r c h e m i c a l a n d p h y s i c a l i n t e r a c t i o n , o f gross 
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b o d i l y fo rm a n d p h y s i o l o g y . T h r o u g h a v a r i e t y Of p h y s i c a l a n d c h e m i c a l 

m e d i a i t r a d i a t e s o u t b e y o n d the i n d i v i d u a l b o d y to t o u c h ob jec t s in the 

w o r l d o u t s i d e , i n a n i m a t e a r te fac ts a n d e v e n o t h e r l i v i n g o r g a n i s m s . 

J u s t as e v e r y g e n e i s the c e n t r e of a r a d i a t i n g field of in f luence on the 

w o r l d , s o e v e r y p h e n o t y p i c c h a r a c t e r i s the c e n t r e o f c o n v e r g i n g inf luences 

f rom m a n y g e n e s , b o t h w i t h i n a n d ou t s ide the b o d y o f the i n d i v i d u a l 

o r g a n i s m . T h e w h o l e b i o s p h e r e — r e c o g n i z e the super f ic ia l affinity w i t h the 

B B C T h e o r e m — t h e w h o l e w o r l d o f p l a n t a n d a n i m a l m a t t e r i s criss-crossed 

w i t h a n i n t r i c a t e n e t w o r k o f f ields o f g e n e t i c in f luence , a w e b o f p h e n o t y p i c 

p o w e r . I c a n a l m o s t h e a r the t e l ev i s ion c o m m e n t a r y : ' I m a g i n e b e i n g shrunk 

to t he s ize of a m i t o c h o n d r i o n s t a t ioned a t a c o n v e n i e n t v a n t a g e po in t 

ou t s ide the n u c l e a r m e m b r a n e o f a h u m a n z y g o t e . W a t c h the m o l e c u l e s o f 

m e s s e n g e r R N A a s t hey s t r e a m , b y the mi l l ions , o u t i n to the c y t o p l a s m o n 

the i r e r r a n d s o f p h e n o t y p i c p o w e r - p l a y . N o w g r o w to the s ize o f a ce l l i n the 

d e v e l o p i n g l i m b - b u d o f a c h i c k e m b r y o . F e e l the waf ts o f c h e m i c a l i nduce r s 

a s t h e y rol l d o w n the g e n t l e s lopes o f the i r a x i a l g r a d i e n t s ! N o w g r o w a g a i n 

to y o u r full s i ze , a n d s t and in the m i d d l e o f a w o o d , a t d a w n in spr ing . 

B i r d s o n g su rges r o u n d y o u . M a l e sy r inxes p o u r o u t s o u n d , a n d al l r o u n d the 

w o o d f e m a l e o v a r i e s s w e l l . H e r e the in f luence t r ave l s i n the fo rm o f pressure 

w a v e s i n the o p e n a i r , r a t h e r t han m o l e c u l e s i n c y t o p l a s m , b u t the p r i nc ip l e 

i s t he s a m e . A t a l l t h r ee l eve l s o f the L i l l i p u t i a n / B r o b d i n g n a g i a n t h o u g h t 

e x p e r i m e n t , y o u a re p r i v i l e g e d t o s t and i n the m i d s t o f u n c o u n t a b l e 

i n t e r l o c k i n g fields o f r e p l i c a t o r p o w e r . ' 

T h e r e a d e r w i l l g a t h e r tha t i t w a s the message o f the B B C T h e o r e m that I 

w a n t e d to c r i t i c i z e , no t its r h e t o r i c ! N e v e r t h e l e s s , a m o r e res t ra ined b r a n d of 

e l o q u e n c e i s of ten m o r e e f fec t ive . A m a s t e r of r es t ra ined e l o q u e n c e in 

b i o l o g i c a l w r i t i n g i s Ernst M a y r . His c h a p t e r on ' T h e un i ty o f the g e n o t y p e ' 

( M a y r 1963) i s of ten h e l d up to me in c o n v e r s a t i o n as d e e p l y an t i t he t i c a l to 

my r e p l i c a t o r - b a s e d v i e w p o i n t . S i n c e , on the c o n t r a r y , I find m y s e l f 

e n t h u s i a s t i c a l l y e n d o r s i n g a lmos t e v e r y w o r d o f tha t c h a p t e r , s o m e t h i n g 

m u s t h a v e b e e n m i s u n d e r s t o o d , s o m e w h e r e . 

M u c h the s a m e c o u l d b e sa id o f W r i g h t ' s (1980) e q u a l l y e l o q u e n t a r t i c le 

on ' G e n i c a n d o r g a n i s m i c s e l e c t i o n ' , w h i c h pu rpo r t s t o be a r e p u d i a t i o n o f 

the g e n i c s e l ec t i on v i e w tha t I h o l d , y e t a lmos t n o n e of w h i c h I find m y s e l f 

d i s a g r e e i n g w i t h . I t h ink this is a v a l u a b l e p a p e r , e v e n t h o u g h its os tens ible 

p u r p o s e i s to a t t a c k the v i e w tha t ' w i t h r e spec t to n a t u r a l se lec t ion . . . i t i s 

the g e n e , no t the i n d i v i d u a l o r g r o u p , tha t i s the un i t ' . W r i g h t c o n c l u d e s tha t 

' T h e l i k e l i h o o d o f o r g a n i s m i c , ins tead o f m e r e l y g e n i c , s e l ec t ion goes far 

t o w a r d m e e t i n g o n e o f the mos t ser ious o b j e c t i o n s t o the t h e o r y o f na tu ra l 

s e l ec t i on e n c o u n t e r e d b y D a r w i n . ' H e a t t r ibu tes the ' g e n i e s e l e c t i o n ' v i e w t o 

W i l l i a m s , M a y n a r d S m i t h a n d m e , a n d t races i t b a c k t o R . A . F i sher , I think 

c o r r e c t l y . A l l o f w h i c h m i g h t l ead h i m t o b e s o m e w h a t b e m u s e d b y the 

f o l l o w i n g a c c o l a d e f rom M e d a w a r ( 1 9 8 1 ) : ' T h e mos t i m p o r t a n t s ingle 
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i n n o v a t i o n in the m o d e r n synthes is w a s h o w e v e r the n e w c o n c e p t i o n tha t a 

p o p u l a t i o n tha t w a s d e e m e d t o u n d e r g o e v o l u t i o n c o u l d bes t b e t h o u g h t o f a s 

a p o p u l a t i o n of f u n d a m e n t a l r e p l i c a t i n g u n i t s — o f g e n e s — r a t h e r t h a n as a 

p o p u l a t i o n o f i n d i v i d u a l a n i m a l s o r o f ce l l s . S e w a l l W r i g h t . . . w a s a 

p r i n c i p a l i n n o v a t o r i n this n e w w a y o f t h i n k i n g — a p r io r i t y for w h i c h R . A . 

Fisher , an i m p o r t a n t bu t lesser f igure , n e v e r f o r g a v e h i m 

In the rest of this c h a p t e r , I h o p e to s h o w t h a t the v e r s i o n of ' gen i c 

se lec t ion i sm ' tha t c a n be a t t a c k e d as n a i v e l y a tomi s t i c a n d r e d u c t i o n i s t i c i s a 

s t raw m a n ; tha t i t i s no t the v i e w tha t I am a d v o c a t i n g ; a n d t h a t i f g e n e s a re 

co r rec t ly u n d e r s t o o d as b e i n g se lec ted for their capacity to cooperate w i t h o t h e r 

genes i n the g e n e - p o o l , we a r r i v e a t a t h e o r y o f g e n i c s e l ec t i on w h i c h W r i g h t 

and M a y r wi l l r e c o g n i z e a s ful ly c o m p a t i b l e w i t h the i r o w n v i e w s . N o t o n l y 

c o m p a t i b l e bu t , I w o u l d c l a i m , a t ruer a n d a c l e a r e r e x p r e s s i o n of the i r 

v i e w s . I shal l q u o t e k e y passages f rom the s u m m a r y o f M a y r ' s c h a p t e r ( pp . 

2 9 5 - 2 9 6 ) , s h o w i n g h o w they m a y b e a d a p t e d t o the w o r l d o f the e x t e n d e d 

p h e n o t y p e . 

T h e p h e n o t y p e i s the p r o d u c t o f the h a r m o n i o u s i n t e r a c t i o n o f a l l 

genes . T h e g e n o t y p e i s a ' p h y s i o l o g i c a l t e a m ' in w h i c h a g e n e c a n 

m a k e a m a x i m u m c o n t r i b u t i o n to fitness by e l a b o r a t i n g its c h e m i c a l 

' g e n e p r o d u c t ' i n the n e e d e d q u a n t i t y a n d a t the t i m e w h e n i t i s 

n e e d e d i n d e v e l o p m e n t [ M a y r 1 9 6 3 ] . 

A n extended p h e n o t y p i c c h a r a c t e r i s the p r o d u c t o f the i n t e r a c t i o n o f m a n y 

genes w h o s e in f luence i m p i n g e s from b o t h ins ide a n d ou t s ide the o r g a n i s m . 

T h e in t e r ac t i on i s not necessa r i ly h a r m o n i o u s — b u t t hen no r a re g e n e 

in te rac t ions w i t h i n bod i e s necessa r i ly h a r m o n i o u s , a s we s a w in C h a p t e r 8 . 

T h e genes w h o s e in f luences c o n v e r g e o n a p a r t i c u l a r p h e n o t y p i c c h a r a c t e r 

a re a ' p h y s i o l o g i c a l t e a m ' o n l y in a spec i a l a n d sub t l e sense, a n d this is t rue 

o f the c o n v e n t i o n a l w i t h i n - b o d y in t e r ac t ions t o w h i c h M a y r refers, a s w e l l a s 

o f e x t e n d e d in t e rac t ions . 

I h a v e p r e v i o u s l y tr ied to c o n v e y tha t spec i a l sense w i t h the m e t a p h o r of a 

r o w i n g c r e w ( D a w k i n s 1 9 7 6 a , p p . 9 1 - 9 2 ) , a n d w i t h the m e t a p h o r o f 

c o o p e r a t i o n b e t w e e n m y o p i c a n d n o r m a l - s i g h t e d p e o p l e ( D a w k i n s 1980, p p . 

2 2 - 2 4 ) . T h e p r i n c i p l e m i g h t a lso b e l a b e l l e d the J a c k S p r a t p r i n c i p l e . T w o 

ind iv idua l s w i t h c o m p l e m e n t a r y appe t i t e s , say for fat a n d l e a n , o r w i t h 

c o m p l e m e n t a r y skills, say i n g r o w i n g w h e a t a n d m i l l i n g it , f o rm n a t u r a l l y 

h a r m o n i o u s pa r tne r sh ips , a n d it is poss ib le to r e g a r d a p a r t n e r s h i p as a 

h ighe r -o rde r un i t . T h e in t e re s t ing q u e s t i o n i s h o w such h a r m o n i o u s uni ts 

c o m e a b o u t . I w a n t t o m a k e a g e n e r a l d i s t i nc t ion b e t w e e n t w o m o d e l s o f 

se lec t ive processes , b o t h o f w h i c h c o u l d , i n t h e o r y , l e a d t o h a r m o n i o u s 

c o o p e r a t i o n a n d c o m p l e m e n t a r i t y . 

T h e first m o d e l i n v o k e s se lec t ion a t the l eve l o f the h i g h e r - o r d e r u n i t s : in a 
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m e t a p o p u l a t i o n o f h i g h e r - o r d e r uni ts , h a r m o n i o u s uni ts a re f a v o u r e d aga ins t 

d i s h a r m o n i o u s un i t s . I t w a s a ve r s ion of this first m o d e l tha t I sugges t ed w a s 

i m p l i c i t i n the G a i a h y p o t h e s i s — s e l e c t i o n a m o n g p lane t s i n tha t case . 

C o m i n g d o w n t o e a r t h , the first m o d e l m i g h t sugges t tha t g r o u p s o f a n i m a l s 

w h o s e m e m b e r s c o m p l e m e n t o n e a n o t h e r s ' skil ls , say g r o u p s c o n t a i n i n g bo th 

fa rmers a n d mi l l e r s , s u r v i v e be t t e r t h a n g r o u p s o f fa rmers a l o n e , o r g r o u p s o f 

mi l l e r s a l o n e . T h e s e c o n d m o d e l i s the o n e tha t I find m o r e p l a u s i b l e . I t does 

no t n e e d to p o s t u l a t e a m e t a p o p u l a t i o n of g r o u p s . I t i s r e l a t ed to w h a t 

p o p u l a t i o n gene t i c i s t s c a l l f r e q u e n c y - d e p e n d e n t se lec t ion . S e l e c t i o n goes o n 

a t the l o w e r l e v e l , the l e v e l o f the c o m p o n e n t par t s o f a h a r m o n i o u s c o m p l e x . 

C o m p o n e n t s w i t h i n a p o p u l a t i o n a re f a v o u r e d by se lec t ion i f t hey h a p p e n to 

i n t e r a c t h a r m o n i o u s l y w i t h the o t h e r c o m p o n e n t s tha t h a p p e n t o b e f requent 

in the p o p u l a t i o n . In a p o p u l a t i o n d o m i n a t e d by mi l l e r s , i n d i v i d u a l farmers 

p rospe r , w h i l e in a p o p u l a t i o n d o m i n a t e d by fa rmers i t p a y s to be a mi l le r . 

B o t h k inds o f m o d e l l e a d t o a resul t w h i c h M a y r w o u l d ca l l h a r m o n i o u s 

a n d c o o p e r a t i v e . B u t I am afra id tha t the c o n t e m p l a t i o n o f h a r m o n y too 

of ten l eads b io log i s t s to t h ink a u t o m a t i c a l l y in terms of the first o f the t w o 

m o d e l s , a n d to fo rge t the p l a u s i b i l i t y o f the s e c o n d . T h i s i s t rue o f genes 

w i t h i n a b o d y j u s t as i t i s t rue of fa rmers a n d mi l le r s in a c o m m u n i t y . T h e 

g e n o t y p e m a y b e a ' p h y s i o l o g i c a l t e a m ' , b u t w e d o no t h a v e t o b e l i e v e tha t 

t ha t t e a m w a s neces sa r i l y se lec ted as a h a r m o n i o u s un i t in c o m p a r i s o n w i t h 

less h a r m o n i o u s r i v a l uni ts . R a t h e r , e a c h g e n e w a s se lec ted b e c a u s e i t 

p r o s p e r e d in its e n v i r o n m e n t , a n d its e n v i r o n m e n t necessa r i ly i n c l u d e d the 

o t h e r g e n e s w h i c h w e r e s i m u l t a n e o u s l y p r o s p e r i n g i n the g e n e - p o o l . G e n e s 

w i t h c o m p l e m e n t a r y ' sk i l l s ' p r o s p e r i n e a c h o the r s ' p r e s e n c e . 

W h a t d o e s c o m p l e m e n t a r i n e s s m e a n for g e n e s ? T w o g e n e s m a y b e said t o 

be c o m p l e m e n t a r y i f t he s u r v i v a l o f e a c h , r e l a t i v e to its a l l e les , i s e n h a n c e d 

w h e n the o t h e r i s a b u n d a n t i n the p o p u l a t i o n . T h e mos t o b v i o u s reason for 

s u c h m u t u a l ass i s tance s tems f rom the t w o g e n e s p e r f o r m i n g a m u t u a l l y 

c o m p l e m e n t a r y func t i on w i t h i n i n d i v i d u a l bod i e s tha t t hey h a p p e n t o share . 

T h e synthes is o f c h e m i c a l subs t ances o f b i o l o g i c a l i m p o r t a n c e often d e p e n d s 

u p o n a c h a i n of s teps in a b i o c h e m i c a l p a t h w a y , e a c h o n e m e d i a t e d by a 

p a r t i c u l a r e n z y m e . T h e usefulness o f a n y o n e o f these e n z y m e s i s c o n d i t i o n a l 

u p o n the p r e s e n c e of the o t h e r e n z y m e s in the c h a i n . A g e n e - p o o l w h i c h i s 

r i ch in g e n e s for a l l e n z y m e s in a g i v e n c h a i n e x c e p t o n e m a y set up a 

s e l ec t ion p ressure in f a v o u r o f the g e n e for the miss ing l ink in the c h a i n . I f 

t h e r e a r e a l t e r n a t i v e p a t h w a y s t o the s a m e b i o c h e m i c a l end p r o d u c t , 

s e l ec t ion m a y f a v o u r e i t he r p a t h w a y (bu t no t bo th ) d e p e n d i n g u p o n ini t ia l 

c o n d i t i o n s . R a t h e r t h a n r e g a r d the a l t e r n a t i v e p a t h w a y s a s uni ts b e t w e e n 

w h i c h se l ec t ion chooses ( M o d e l 1) , i t i s be t t e r to t h ink as fo l lows ( M o d e l 2 ) : 

s e l ec t ion w i l l f a v o u r a g e n e tha t m a k e s a g i v e n e n z y m e , to the e x t e n t tha t 

g e n e s for m a k i n g the o t h e r e n z y m e s in its p a t h w a y a re a l r e a d y a b u n d a n t i n 

the g e n e - p o o l . 
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B u t we do no t h a v e to s tay a t a b i o c h e m i c a l l e v e l . I m a g i n e a spec ies o f 

m o t h w i t h s tr ipes o n the w i n g s w h i c h r e s e m b l e g r o o v e s i n t ree b a r k . S o m e 

ind iv idua l s h a v e t ransverse s tr ipes w h i l e o thers , in a d i f ferent a r e a , h a v e 

l ong i t ud ina l s t r ipes , the d i f fe rence b e i n g d e t e r m i n e d a t a s ing le g e n e t i c l o c u s . 

C l e a r l y a m o t h w i l l be w e l l c a m o u f l a g e d o n l y i f i t po in t s i t se l f in the r i g h t 

d i r ec t ion w h e n s i t t ing on t ree b a r k ( S a r g e n t 1 9 6 9 b ) . S u p p o s e s o m e m o t h s sit 

v e r t i c a l l y a n d o the r s h o r i z o n t a l l y , the b e h a v i o u r a l d i f f e r e n c e b e i n g 

con t ro l l ed a t a s e c o n d locus . An o b s e r v e r f inds tha t , f o r t u n a t e l y , a l l the 

mo ths in o n e a r e a h a v e l o n g i t u d i n a l s t r ipes a n d sit v e r t i c a l l y , w h i l e i n 

a n o t h e r a r e a all the m o t h s h a v e t ransverse s tr ipes a n d sit h o r i z o n t a l l y . W e 

m i g h t say , t hen , t ha t in b o t h a reas the re i s ' h a r m o n i o u s c o o p e r a t i o n ' 

b e t w e e n the g e n e s for s t r ipe o r i e n t a t i o n a n d the g e n e s d e t e r m i n i n g the 

o r i en ta t ion o f s i t t ing . H o w has this h a r m o n y c o m e a b o u t ? 

A g a i n w e i n v o k e o u r t w o m o d e l s . M o d e l 1 says t ha t d i s h a r m o n i o u s g e n e 

c o m b i n a t i o n s — t r a n s v e r s e s tr ipes w i t h v e r t i c a l r es t ing b e h a v i o u r , o r l o n g i t u 

d ina l s t r ipes w i t h h o r i z o n t a l r es t ing b e h a v i o u r — d i e d ou t , l e a v i n g o n l y 

h a r m o n i o u s g e n e c o m b i n a t i o n s . M o d e l 1 i n v o k e s se l ec t ion a m o n g combi

nations o f genes . M o d e l 2 , on the o t h e r h a n d , i n v o k e s se l ec t ion a t t he l o w e r 

l eve l o f the g e n e . If, for w h a t e v e r r ea son , the g e n e - p o o l in a g i v e n a r e a 

h a p p e n s to be a l r e a d y d o m i n a t e d by g e n e s for t r ansver se s t r ipes , this w i l l 

a u t o m a t i c a l l y set up a s e l ec t ion pressure a t the b e h a v i o u r a l l ocus in f a v o u r of 

genes for s i t t ing h o r i z o n t a l l y . T h i s in tu rn w i l l set up a s e l ec t i on p ressure to 

increase the p r e d o m i n a n c e o f t ransverse s t r ipe g e n e s a t the s t r i p i n g l ocus 

w h i c h wi l l , i n tu rn , r e in force the se lec t ion in f a v o u r o f s i t t ing h o r i z o n t a l l y . 

T h e p o p u l a t i o n w i l l therefore r a p i d l y c o n v e r g e o n the e v o l u t i o n a r i l y s t ab l e 

c o m b i n a t i o n , t ransverse str ipes/si t h o r i z o n t a l l y . C o n v e r s e l y , a d i f ferent set of 

s ta r t ing cond i t i ons w o u l d l ead the p o p u l a t i o n t o c o n v e r g e on the o t h e r 

e v o l u t i o n a r i l y s t ab le s ta te , l o n g i t u d i n a l s tr ipes/si t v e r t i c a l l y . A n y g i v e n 

c o m b i n a t i o n o f s t a r t ing f r equenc ies a t the t w o loc i w i l l c o n v e r g e , af ter 

se lec t ion , on o n e o r o t h e r o f the t w o s t ab le s ta tes . 

M o d e l 1 i s a p p l i c a b l e o n l y i f the pa i rs o r sets o f c o o p e r a t i n g g e n e s a r e 

e spec ia l ly l ike ly to find themse lves t o g e t h e r in b o d i e s , for i n s t a n c e i f t hey a r e 

c lose ly l inked in to a ' s u p e r g e n e ' o n o n e c h r o m o s o m e . T h e y m i g h t i n d e e d b e 

so l inked ( F o r d 1 9 7 5 ) , b u t M o d e l 2 i s p a r t i c u l a r l y i n t e r e s t i ng b e c a u s e i t 

enab le s u s t o v i s u a l i z e the e v o l u t i o n o f h a r m o n i o u s g e n e c o m p l e x e s w i t h o u t 

such l i n k a g e . I n M o d e l 2 the c o o p e r a t i n g g e n e s m a y be on dif ferent 

c h r o m o s o m e s , a n d f r e q u e n c y - d e p e n d e n t se l ec t ion w i l l still l e ad t o p o p u 

lat ions b e i n g d o m i n a t e d b y genes tha t i n t e r a c t h a r m o n i o u s l y w i t h the o t h e r 

genes in the p o p u l a t i o n , as a resul t of e v o l u t i o n to o n e or a n o t h e r 

e v o l u t i o n a r i l y s t ab le s ta te ( L a w l o r & M a y n a r d S m i t h 1 9 7 6 ) . I n p r i n c i p l e the 

s a m e k ind of r e a s o n i n g i s a p p l i c a b l e to sets o f th ree loc i ( suppose s t r ipes on 

the h i n d w i n g w e r e c o n t r o l l e d a t a different l ocus f rom st r ipes on the 

f o r e w i n g ) , four loci . . . n l oc i . I f we t ry to m o d e l the i n t e r a c t i o n s in d e t a i l the 
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m a t h e m a t i c s b e c o m e diff icul t , b u t tha t does no t m a t t e r for the po in t I w a n t 

to m a k e . A l l I am s a y i n g i s tha t the re a re t w o g e n e r a l w a y s in w h i c h 

h a r m o n i o u s c o o p e r a t i o n c a n c o m e a b o u t . O n e w a y i s for h a r m o n i o u s 

c o m p l e x e s t o b e f a v o u r e d b y se lec t ion o v e r d i s - h a r m o n i o u s c o m p l e x e s . T h e 

o t h e r is for the s e p a r a t e parts of c o m p l e x e s to be f a v o u r e d in the p resence , in 

the p o p u l a t i o n , o f o t h e r par t s w i t h w h i c h they h a p p e n t o h a r m o n i z e . 

H a v i n g used M o d e l 2 for the k i n d o f w i t h i n - b o d y g e n e h a r m o n y tha t 

M a y r h a d i n m i n d , w e n o w g e n e r a l i z e i t t o b e t w e e n - b o d y , ' e x t e n d e d ' , g e n e 

i n t e r a c t i ons . W e a r e g o i n g t o b e t a l k i n g a b o u t g e n e t i c in teract ion a t a 

d i s t a n c e , r a t h e r t h a n the p h e n o t y p i c a c t i o n a t a d i s t a n c e w h i c h w a s the 

sub jec t o f the ea r l i e r p a r t o f this c h a p t e r . T h i s i s easy to d o , b e c a u s e 

f r e q u e n c y - d e p e n d e n t s e l ec t ion has c l a s s i ca l ly b e e n a p p l i e d t o b e t w e e n - b o d y 

in t e r ac t i ons , f rom F i she r ' s (1930a) t h e o r y o f the sex r a t io on . W h y d o 

p o p u l a t i o n s h a v e a b a l a n c e d sex r a t i o ? M o d e l 1 w o u l d sugges t tha t i t i s 

b e c a u s e p o p u l a t i o n s w i t h a n u n b a l a n c e d sex ra t io h a v e g o n e e x t i n c t . F i sher ' s 

o w n h y p o t h e s i s is, o f cou r se , a v e r s i o n of M o d e l 2 . I f a p o p u l a t i o n h a p p e n s to 

h a v e an u n b a l a n c e d sex r a t io , s e l ec t ion within tha t p o p u l a t i o n favours genes 

t ha t t end to res tore the b a l a n c e . T h e r e i s no n e e d to pos tu l a t e a m e t a 

p o p u l a t i o n o f p o p u l a t i o n s , a s in the case o f M o d e l 1 . 

O t h e r e x a m p l e s o f f r e q u e n c y - d e p e n d e n t a d v a n t a g e a re w e l l k n o w n t o 

gene t i c i s t s ( e .g . C l a r k e 1 9 7 9 ) , a n d I h a v e p r e v i o u s l y d iscussed their 

r e l e v a n c e t o the c o n t r o v e r s y o v e r ' h a r m o n i o u s c o o p e r a t i o n ' ( D a w k i n s 1980, 

p p . 2 2 - 2 4 ) . T h e p o i n t I w a n t to stress he re i s tha t , f rom the p o i n t o f v i e w of 

e a c h r e p l i c a t i n g en t i ty , its r e l a t ionsh ips o f h a r m o n y , c o o p e r a t i o n a n d 

c o m p l e m e n t a r i n e s s within g e n o m e s a re no t , in p r i n c i p l e , different from 

re l a t ionsh ips b e t w e e n g e n e s i n different g e n o m e s . T h e g e n e for s i t t ing 

v e r t i c a l l y on t r ee - t runks i s f a v o u r e d in a g e n e - p o o l w h i c h h a p p e n s to be r ich 

in g e n e s for l o n g i t u d i n a l s t r ipes , a n d v i c e ve r sa . H e r e , a s in the b i o c h e m i c a l 

e x a m p l e o f the c h a i n o f e n z y m e s , the c o o p e r a t i o n takes p l a c e w i t h i n b o d i e s : 

the s i gn i f i c ance of the fac t t ha t the g e n e - p o o l i s r i ch in genes for l o n g i t u d i n a l 

s t r ipes i s tha t a n y g i v e n g e n e a t the locus d e t e r m i n i n g s i t t ing b e h a v i o u r i s 

therefore s t a t i s t i ca l ly l i k e l y to be in a l o n g i t u d i n a l l y s t r iped b o d y . I sugges t 

tha t we s h o u l d th ink p r i m a r i l y o f g e n e s a s b e i n g se lec ted aga ins t the 

b a c k g r o u n d o f the o t h e r g e n e s tha t h a p p e n t o be f r equen t i n the g e n e - p o o l , 

a n d o n l y s e c o n d a r i l y m a k e a d i s t inc t ion b e t w e e n w h e t h e r the sal ient 

b e t w e e n - g e n e i n t e r a c t i o n s h a p p e n t o o c c u r w i t h i n bod i e s o r b e t w e e n them. 

W i c k l e r ( 1 9 6 8 ) , i n his f a s c ina t i ng r e v i e w o f a n i m a l m i m i c r y , poin ts out 

tha t i n d i v i d u a l s s o m e t i m e s a p p e a r t o c o o p e r a t e i n a c h i e v i n g m i m e t i c 

r e s e m b l a n c e . H e r e c o u n t s a n o b s e r v a t i o n b y K o e n i g o f w h a t a p p e a r e d t o b e 

a sea a n e m o n e i n a n a q u a r i u m tank . T h e f o l l o w i n g d a y there w e r e t w o 

a n e m o n e s , e a c h h a l f the s ize o f the o r i g i n a l o n e , a n d the d a y after tha t the 

o r i g i n a l l a r g e a n e m o n e h a d a p p a r e n t l y r econs t i t u t ed itself. T h e imposs ib i l i ty 
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of this f inal ly led K o e n i g to i nves t i ga t e in de t a i l , a n d he d i s c o v e r e d tha t the 

' a n e m o n e ' w a s in fact a fake , p u t t oge the r by n u m e r o u s c o o p e r a t i n g a n n e l i d 

w o r m s . E a c h w o r m rep re sen t ed o n e t en t ac l e , a n d t h e y g r o u p e d t h e m s e l v e s 

in to a c i r c l e in the s and . F i sh s e e m e d to be foo led by the d e c e p t i o n j u s t as 

K o e n i g o r i g i n a l l y w a s , for t hey g a v e the fake a n e m o n e the s a m e k i n d o f w i d e 

ber th they w o u l d a r ea l o n e . E a c h i n d i v i d u a l w o r m p r e s u m a b l y g a i n e d 

p ro tec t ion from fish p r e d a t o r s , by j o i n i n g in the c o o p e r a t i v e m i m i c r y r ing . I 

sugges t tha t i t i s no t he lpfu l to speak of groups of w o r m s tha t f o r m r ings as 

b e i n g se lec ted o v e r g r o u p s tha t d o not . R a t h e r , r i n g - j o i n i n g i n d i v i d u a l s a re 

f avoured in p o p u l a t i o n s o f r ing- jo iners . 

In v a r i o u s insect species , e a c h i n d i v i d u a l m i m i c s o n e f lower o f a m a n y -

f lowered in f lo rescence , a n d therefore a c o o p e r a t i n g c r o w d of t h e m i s n e e d e d 

before a w h o l e in f lo rescence c a n be c o n v i n c i n g l y m i m i c k e d . ' I n E a s t A f r i c a 

i t is poss ible to find a p a r t i c u l a r p l a n t w i t h e x t r e m e l y beau t i fu l 

inf lorescences . . . the i n d i v i d u a l flowers a re a b o u t h a l f a c e n t i m e t r e in h e i g h t , 

look ra the r l ike b r o o m f lowers , a n d a re a r r a n g e d a r o u n d a v e r t i c a l s t em l ike 

the f lowers o f the l u p i n . E x p e r i e n c e d botan is t s h a v e t a k e n this p l a n t for 

Tinnaea or Sesamopteris a n d found t hemse lve s s u d d e n l y h o l d i n g a b a r e s t em 

after p l u c k i n g the " f l o w e r " . T h e f l o w e r h a d no t fa l l en of f—it h a d f l o w n 

a w a y ! T h e " f l o w e r " consists of c i c a d a s , e i the r Ityraea gregorii or Oyarina 

nigritarsus ( W i c k l e r 1968, p . 6 1 ) . 

I n o rde r t o d e v e l o p my a r g u m e n t I need t o m a k e c e r t a i n d e t a i l e d 

as sumpt ions . S i n c e the de ta i l s o f the se lec t ion pressures b e a r i n g on these 

p a r t i c u l a r c i c a d a spec ies are no t k n o w n , i t w i l l be safest i f I i n v e n t a 

h y p o t h e t i c a l c i c a d a w h i c h b a s i c a l l y prac t i ses the s a m e g r o u p - m i m i c r y t r i ck 

as Ityraea a n d Oyarina. I a s sume tha t my species o c c u r s in t w o c o l o u r m o r p h s , 

p ink a n d b lue , a n d tha t the t w o m o r p h s m i m i c t w o different c o l o u r va r i e t i e s 

o f lup in . P i n k a n d b l u e lup ins a re a s sumed t o b e e q u a l l y a b u n d a n t o v e r the 

w h o l e r a n g e o f the c i c a d a spec ies , b u t i n a n y o n e l o c a l a r e a al l the c i c a d a s 

are e i ther p ink o r b l u e . ' C o o p e r a t i o n ' o c c u r s , i n tha t i n d i v i d u a l s c lus te r 

t oge the r n e a r the tips o f p l a n t s tems a n d t o g e t h e r r e s e m b l e l u p i n 

inf lorescences . I t i s ' h a r m o n i o u s ' i n tha t m i x e d c o l o u r c lus te rs do no t o c c u r : 

I a s sume tha t a m i x e d c o l o u r c lus te r is e s p e c i a l l y l i ke ly to be spo t t ed by 

p reda to r s as a fake , s ince r ea l lup ins do no t h a v e t w o - t o n e in f lo rescences . 

H e r e i s h o w the h a r m o n y m i g h t h a v e c o m e a b o u t t h r o u g h M o d e l 2's 

f r e q u e n c y - d e p e n d e n t s e l ec t ion . I n a n y g i v e n a r e a , h i s to r i ca l a c c i d e n t 

d e t e r m i n e d tha t there w a s an in i t ia l m a j o r i t y i n f a v o u r o f o n e c o l o u r t y p e o r 

the o ther . I n a n a r e a tha t h a p p e n e d t o b e d o m i n a t e d b y p i n k c i c a d a s , b l u e 

ones w e r e p e n a l i z e d . I n a n a r e a tha t h a p p e n e d t o b e d o m i n a t e d b y b l u e 

c i c a d a s , p ink o n e w e r e p e n a l i z e d . I n b o t h cases , s i m p l y b e i n g i n the m i n o r i t y 

w a s d i s f avoured , b e c a u s e a m e m b e r o f the m i n o r i t y t y p e w a s , b y the l a w s o f 

c h a n c e , m o r e l ike ly t h a n a m e m b e r o f the m a j o r i t y t y p e to find i t se l f 
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p a r t i c i p a t i n g i n a m i x e d c lus te r . A t the g e n e l e v e l we m a y say tha t p ink 

g e n e s a r e f a v o u r e d in a g e n e - p o o l d o m i n a t e d by p ink genes , a n d b lue genes 

a r e f a v o u r e d in a g e n e - p o o l d o m i n a t e d by b l u e genes . 

We n o w i n v e n t a n o t h e r insec t , say a c a t e r p i l l a r , w h i c h i s l a rge e n o u g h to 

m i m i c a w h o l e l u p i n in f lo rescence , ins tead of a s ing le f lower . E a c h segmen t 

o f the c a t e r p i l l a r m i m i c s a different f lower o f the in f lo rescence . T h e c o l o u r o f 

e a c h s e g m e n t i s c o n t r o l l e d a t a different l ocus , the a l t e rna t i ve s b e i n g p ink 

a n d b l u e . A c a t e r p i l l a r t ha t i s a l l b l u e or a l l p i n k is m o r e successful t han one 

tha t i s a m i x t u r e o f co lou r s b e c a u s e , o n c e a g a i n , p r eda to r s h a v e l ea rned tha t 

m i x e d c o l o u r l u p i n s d o no t o c c u r . T h e r e i s n o t h e o r e t i c a l reason w h y t w o -

tone c a t e r p i l l a r s s h o u l d no t o c c u r , b u t suppose tha t , as a resul t of se lec t ion , 

t hey do n o t : i n a n y o n e a r e a the l o c a l ca t e rp i l l a r s a re e i ther a l l p i n k o r a l l 

b l u e . W e h a v e ' h a r m o n i o u s c o o p e r a t i o n ' a g a i n . 

H o w m i g h t the h a r m o n i o u s c o o p e r a t i o n c o m e a b o u t ? B y def in i t ion , 

M o d e l 1 w o u l d b e a p p l i c a b l e o n l y i f the g e n e s respons ib le for the co lo ra t i on 

o f the d i f ferent s e g m e n t s w e r e l i n k e d t i g h t l y in a s u p e r g e n e . M u l t i - c o l o u r e d 

s u p e r g e n e s w o u l d b e p e n a l i z e d a t the e x p e n s e o f p u r e p ink a n d p u r e b lue 

s u p e r g e n e s . In this h y p o t h e t i c a l spec ies , h o w e v e r , the r e l e v a n t genes are 

w i d e l y s p r e a d o n di f ferent c h r o m o s o m e s , a n d w e h a v e t o a p p l y M o d e l 2 . I n 

a n y g i v e n l o c a l a r e a , o n c e o n e c o l o u r starts to p r e d o m i n a t e a t a ma jo r i ty o f 

l o c i , s e l ec t ion w o r k s to i n c r e a s e the f r e q u e n c y of tha t c o l o u r a t a l l l oc i . In a 

p a r t i c u l a r a r e a , i f a l l t he loc i s a v e o n e a re d o m i n a t e d by p ink genes , the odd 

locus w h i c h i s d o m i n a t e d by b l u e genes w i l l soon be b r o u g h t in to l ine by 

s e l ec t i on . As i n the case o f the h y p o t h e t i c a l c i c a d a s , h i s tor ica l a c c i d e n t s i n 

different l o c a l a r eas a u t o m a t i c a l l y set up se lec t ion pressures in f a v o u r o f one 

o r a n o t h e r o f t w o e v o l u t i o n a r i l y s t ab le s tates . 

T h e p o i n t o f this t h o u g h t e x p e r i m e n t i s tha t M o d e l 2 i s e q u a l l y a p p l i c a b l e 

b o t h b e t w e e n a n d w i t h i n i n d i v i d u a l s . I n b o t h the c a t e r p i l l a r a n d the c i c a d a 

case , p i n k g e n e s a re f a v o u r e d i n g e n e - p o o l s a l r e a d y d o m i n a t e d b y p ink 

g e n e s , a n d b l u e g e n e s a r e f a v o u r e d i n g e n e - p o o l s a l r e a d y d o m i n a t e d b y b lue 

genes . In the c a t e r p i l l a r s the r eason is tha t e a c h g e n e benefi ts i f i t shares a 

body w i t h o t h e r g e n e s p r o d u c i n g the s a m e c o l o u r as itself. In the c i c a d a s the 

r eason is t ha t e a c h g e n e benef i ts i f the b o d y i t i s in m e e t s another b o d y b e a r i n g 

a g e n e p r o d u c i n g the s a m e c o l o u r as itself. In the c a t e r p i l l a r e x a m p l e , the 

c o o p e r a t i n g g e n e s o c c u p y different loc i i n the s a m e i n d i v i d u a l . I n the c i c a d a 

e x a m p l e t he c o o p e r a t i n g g e n e s o c c u p y the s a m e locus i n different 

i n d i v i d u a l s . M y p u r p o s e i s t o c lose the c o n c e p t u a l g a p b e t w e e n these t w o 

k inds o f g e n e i n t e r a c t i o n , by s h o w i n g tha t g e n e t i c i n t e r a c t i o n a t a d i s t ance i s 

no t , i n p r i n c i p l e , different f rom g e n e t i c i n t e r a c t i o n w i t h i n o n e b o d y . 

T o r e s u m e m y series o f q u o t a t i o n s from M a y r : 

T h e resul t o f the c o a d a p t i n g se lec t ion i s a h a r m o n i o u s l y i n t eg ra t ed 

g e n e c o m p l e x . T h e c o a c t i o n o f the g e n e s m a y o c c u r a t m a n y leve ls , 
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tha t o f the c h r o m o s o m e , n u c l e u s , ce l l , t issue, o r g a n , a n d w h o l e 

o r g a n i s m . 

T h e r eade r wi l l b y n o w h a v e n o di f f icul ty i n g u e s s i n g h o w M a y r ' s list i s t o b e 

e x t e n d e d . C o a c t i o n a m o n g g e n e s in different o r g a n i s m s i s no t f u n d a m e n t a l l y 

different f rom c o a c t i o n a m o n g g e n e s i n the s a m e o r g a n i s m . E a c h g e n e w o r k s 

i n a w o r l d o f p h e n o t y p i c c o n s e q u e n c e s o f o t h e r g e n e s . S o m e o f those o t h e r 

genes wi l l b e m e m b e r s o f the s a m e g e n o m e . O t h e r s w i l l b e m e m b e r s o f the 

s a m e g e n e - p o o l o p e r a t i n g t h r o u g h o t h e r bod i e s . Y e t o the r s m a y b e m e m b e r s 

o f different g e n e - p o o l s , different spec ies , different p h y l a . 

T h e n a t u r e o f the func t iona l m e c h a n i s m s o f p h y s i o l o g i c a l i n t e r a c t i o n 

a re [sic] o n l y o f m i n o r in teres t to the e v o l u t i o n i s t , w h o s e m a i n 

c o n c e r n i s the v i a b i l i t y o f the u l t i m a t e p r o d u c t , the p h e n o t y p e . 

M a y r hits the na i l on the h e a d a g a i n , bu t his ' p h e n o t y p e ' i s no t the u l t i m a t e : 

i t c a n be e x t e n d e d ou t s ide the i n d i v i d u a l b o d y . 

M a n y d e v i c e s t end to m a i n t a i n the status quo o f g e n e poo l s , 

q u a n t i t a t i v e l y a n d q u a l i t a t i v e l y . T h e l o w e r l imi t o f g e n e t i c d ive r s i t y 

i s d e t e r m i n e d b y the f r equen t a d v a n t a g e o f h e t e r o z y g o s i t y . . . T h e 

u p p e r l imi t i s d e t e r m i n e d by the fact t ha t o n l y those g e n e s c a n be 

i n c o r p o r a t e d tha t a re a b l e t o ' c o a d a p t ' h a r m o n i o u s l y . No g e n e has a 

f i x e d se lec t ive v a l u e ; the s a m e g e n e m a y confe r h i g h f i t n e s s o n o n e 

gene t i c b a c k g r o u n d a n d b e v i r t u a l l y l e tha l o n a n o t h e r . 

E x c e l l e n t , b u t r e m e m b e r tha t ' g e n e t i c b a c k g r o u n d ' c a n i n c l u d e g e n e s i n 

o the r o rgan i sms as w e l l a s g e n e s w i t h i n the s a m e o r g a n i s m . 

T h e resul t o f the c lose i n t e r d e p e n d e n c e o f a l l g e n e s in a g e n e p o o l i s 

t ight cohes ion . N o g e n e f r e q u e n c y c a n b e c h a n g e d , n o r a n y g e n e b e 

a d d e d to the g e n e p o o l , w i t h o u t an effect on the g e n o t y p e as a w h o l e , 

a n d thus i n d i r e c t l y o n the se lec t ive v a l u e o f o t h e r g e n e s . 

M a y r h imse l f has n o w sub t ly shifted to t a l k i n g a b o u t a c o a d a p t e d g e n e pool, 

ra ther than a c o a d a p t e d i n d i v i d u a l g e n o m e . T h i s i s a g r e a t s tep in the r i gh t 

d i r ec t ion , b u t we mus t still t ake o n e fur ther s t ep . M a y r i s he r e t a l k i n g a b o u t 

in te rac t ions b e t w e e n a l l the g e n e s i n o n e g e n e - p o o l , r ega rd l e s s o f the b o d i e s 

they h a p p e n t o b e s i t t ing in. T h e d o c t r i n e o f the e x t e n d e d p h e n o t y p e 

u l t ima te ly requ i res u s t o a c k n o w l e d g e the s a m e k ind o f i n t e r a c t i o n s a m o n g 

genes o f different g e n e - p o o l s , different p h y l a , d i f ferent k i n g d o m s . 

C o n s i d e r a g a i n the w a y s in w h i c h a pa i r o f g e n e s in the s a m e g e n e - p o o l 

can in te rac t , m o r e spec i f i ca l ly the w a y s i n w h i c h the f r e q u e n c y o f e a c h i n the 
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g e n e - p o o l c a n affect t he s u r v i v a l p rospec t s o f the o the r . T h e first w a y , a n d 

the o n e w h i c h I suspec t M a y r h a d m a i n l y in m i n d , i s t h r o u g h s h a r i n g the 

s a m e b o d y . T h e s u r v i v a l p rospec t s o f g e n e A a re i n f luenced b y the f r e q u e n c y 

in the p o p u l a t i o n of g e n e B , b e c a u s e B's f r e q u e n c y in f luences the p r o b a b i l i t y 

t ha t A w i l l find i t se l f s h a r i n g a b o d y w i t h B . T h e i n t e r a c t i o n b e t w e e n the loci 

d e t e r m i n i n g m o t h s t r ipe d i r e c t i o n a n d s i t t ing d i r e c t i o n w a s a n e x a m p l e o f 

this . So w a s the h y p o t h e t i c a l l u p i n - m i m i c k i n g c a t e r p i l l a r . So i s a pa i r o f 

g e n e s c o d i n g for e n z y m e s tha t a re necessa ry for success ive s tages in a 

p a r t i c u l a r p a t h w a y s y n t h e s i z i n g a useful s u b s t a n c e . C a l l this t y p e o f g e n e 

i n t e r a c t i o n ' w i t h i n - b o d y ' i n t e r a c t i o n . 

T h e s e c o n d w a y in w h i c h the f r e q u e n c y of a g e n e B in a p o p u l a t i o n c a n 

affect the s u r v i v a l p rospec t s of a g e n e A i s ' b e t w e e n - b o d y ' i n t e r a c t i o n . T h e 

v i t a l i n f luence he re i s on the p r o b a b i l i t y t ha t a n y b o d y in w h i c h A sits wi l l 

m e e t a n o t h e r b o d y i n w h i c h B sits. M y h y p o t h e t i c a l c i c a d a s p r o v i d e d a n 

e x a m p l e o f this . So does F i she r ' s sex r a t io t heo ry . As I h a v e e m p h a s i z e d , i t 

has b e e n o n e o f m y pu rpose s i n this c h a p t e r t o m i n i m i z e the d i s t inc t ion 

b e t w e e n the t w o k inds o f g e n e i n t e r a c t i o n , w i t h i n - b o d y a n d b e t w e e n - b o d y 

i n t e r a c t i o n . 

B u t n o w c o n s i d e r i n t e r a c t i o n s b e t w e e n g e n e s i n different g e n e - p o o l s , 

d i f ferent spec ies . I t w i l l be seen tha t the re i s r a t he r l i t t le d i s t i nc t ion b e t w e e n 

a c ross-spec ies g e n e i n t e r a c t i o n a n d a w i th in - spec i e s b e t w e e n - i n d i v i d u a l g e n e 

i n t e r a c t i o n . In n e i t h e r case do the i n t e r a c t i n g g e n e s sha re a b o d y . In bo th 

cases the s u r v i v a l p ro spec t s o f e a c h m a y d e p e n d o n the f r e q u e n c y , i n its o w n 

g e n e - p o o l , o f the o t h e r g e n e . L e t m e i l lus t ra te the p o i n t u s i n g the l up in 

t h o u g h t e x p e r i m e n t a g a i n . S u p p o s e the re i s a spec ies of bee t l e w h i c h i s 

p o l y m o r p h i c l ike the c i c a d a s . In s o m e a reas i t turns o u t t ha t the p i n k m o r p h s 

o f b o t h spec ie s , c i c a d a s a n d bee t les , p r e d o m i n a t e , w h i l e i n o the r a reas the 

b l u e m o r p h s o f b o t h spec ies p r e d o m i n a t e . T h e t w o spec ies differ i n b o d y s ize . 

T h e y ' c o o p e r a t e ' i n f a k i n g in f lo rescences , the s m a l l e r - b o d i e d c i c a d a s t e n d i n g 

to sit n e a r the t ips o f s tems , w h e r e sma l l f lowers m i g h t be e x p e c t e d , the 

l a r g e r bee t l e s t e n d i n g to sit n e a r e r the base of e a c h fake in f lo rescence . A 

j o i n t b e e t l e / c i c a d a ' i n f l o r e scence ' fools b i rds m o r e ef fec t ive ly t han e i ther a 

p u r e b e e t l e o r a p u r e c i c a d a o n e . 

M o d e l 2's f r e q u e n c y - d e p e n d e n t se l ec t ion w i l l t end to l ead to the e v o l u t i o n 

o f o n e o f t w o e v o l u t i o n a r i l y s t ab le s tates , j u s t a s be fore , e x c e p t tha t t w o 

spec ies a r e n o w i n v o l v e d . I f h i s to r i ca l a c c i d e n t l eads t o o n e l o c a l a r e a b e i n g 

d o m i n a t e d b y p i n k m o r p h s ( regard less o f spec ie s ) , s e l ec t ion w i t h i n bo th 

spec ies w i l l f a v o u r p i n k m o r p h s o v e r b l u e ; a n d v i c e ve r sa . I f the bee t le 

spec ies w a s r e l a t i v e l y r e c e n t l y i n t r o d u c e d in to a reas a l r e a d y c o l o n i z e d b y the 

c i c a d a spec ies , the d i r e c t i o n o f se lec t ion w i t h i n the bee t l e species w i l l d e p e n d 

o n the c o l o u r o f the l o c a l l y p r e d o m i n a n t m o r p h o f c i c a d a s . T h u s there w i l l 

b e f r e q u e n c y - d e p e n d e n t i n t e r a c t i o n b e t w e e n g e n e s i n t w o different g e n e -

poo l s , t he g e n e - p o o l s o f t w o n o n - i n t e r b r e e d i n g spec ies . I n f ak ing the 
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inf lorescence of a l u p i n , c i c a d a s m i g h t c o o p e r a t e w i t h sp iders o r snai ls j u s t as 

effect ively a s w i t h bee t les o r w i t h c i c a d a s o f a n o t h e r spec ies . M o d e l 2 w o r k s 

across species a n d across p h y l a , a s w e l l a s across i n d i v i d u a l s a n d w i t h i n 

i nd iv idua l s . 

A c r o s s k i n g d o m s , too . C o n s i d e r the i n t e r a c t i o n b e t w e e n f l ax (Linum 

usitissimum) a n d the rust fungus Melampsora lini, a l t h o u g h this is an 

an tagon i s t i c r a t he r t han a c o o p e r a t i v e i n t e r a c t i o n . ' T h e r e is e s sen t i a l ly a 

one - to -one m a t c h i n g in w h i c h a specif ic a l l e l e in the f lax confers r e s i s t ance to 

a specific a l l e le in the rust . T h i s " g e n e - f o r - g e n e " sys t em has s ince b e e n found 

i n n u m e r o u s o t h e r p l a n t spec ies . . . M o d e l s o f g e n e - f o r - g e n e i n t e r a c t i o n s a re 

not f o r m u l a t e d in te rms o f e c o l o g i c a l p a r a m e t e r s b e c a u s e o f the speci f ic 

na tu re o f the g e n e t i c sys tems . I t i s o n e case in w h i c h the g e n e t i c i n t e r a c t i o n s 

b e t w e e n species c a n be u n d e r s t o o d w i t h o u t r e f e rence to the p h e n o t y p e s . A 

m o d e l o f a g e n e - f o r - g e n e sys tem w o u l d necessa r i ly h a v e b e t w e e n - s p e c i e s 

f r equency d e p e n d e n c e . . . (S l a tk in & M a y n a r d S m i t h 1 9 7 9 , p p . 2 5 5 - 2 5 6 ) . 

In this c h a p t e r , as in o thers , I h a v e used h y p o t h e t i c a l t h o u g h t e x p e r i m e n t s 

to a id c l ea r e x p l a n a t i o n . In case they a re found too f a r - f e t ched , le t me tu rn 

to W i c k l e r a g a i n for an e x a m p l e o f a rea l c i c a d a w h i c h does s o m e t h i n g a t 

least as far - fe tched as a n y t h i n g I h a v e i n v e n t e d . Ityraea nigrocincta, l ike I. 

gregorii, p rac t i ses c o o p e r a t i v e m i m i c r y of l up in - l i ke in f lo re scences , b u t i t 

'possesses a fur ther p e c u l i a r i t y in tha t b o t h sexes h a v e t w o m o r p h s , a g r e e n 

form a n d a y e l l o w fo rm. T h e s e t w o m o r p h s m a y s q u a t t o g e t h e r , a n d the 

g r e e n forms tend to sit a t the top of the s t em, e s p e c i a l l y on v e r t i c a l s tems, 

w i th the y e l l o w forms b e l o w . T h e resul t i s a n e x t r e m e l y c o n v i n c i n g 

" i n f l o r e s c e n c e " , b e c a u s e the t rue f l ower s o f in f lo rescences of ten o p e n 

p rogress ive ly from base to a p e x , so tha t g r e e n b u d s are still p resen t a t the t ip 

w h e n the base i s c o v e r e d w i t h o p e n f lower s ' ( W i c k l e r 1 9 6 8 ) . 

T h e s e three c h a p t e r s h a v e e x t e n d e d the c o n c e p t o f p h e n o t y p i c expres s ion 

o f genes b y easy s tages . W e b e g a n w i t h the r e c o g n i t i o n tha t e v e n w i t h i n a 

b o d y there a re m a n y d e g r e e s o f d i s t a n c e o f g e n e c o n t r o l o v e r p h e n o t y p e s . 

F o r a n u c l e a r g e n e to con t ro l the s h a p e of the ce l l in w h i c h i t sits i s 

p r e s u m a b l y s imp le r t han t o con t ro l the s h a p e o f s o m e o t h e r c e l l , o r o f the 

w h o l e b o d y i n w h i c h the ce l l sits. Y e t w e c o n v e n t i o n a l l y l u m p the th ree 

toge the r a n d ca l l t h e m al l g e n e t i c con t ro l o f p h e n o t y p e . M y thesis has b e e n 

tha t the s l ight fur ther c o n c e p t u a l s tep ou t s ide the i m m e d i a t e b o d y is a 

c o m p a r a t i v e l y m i n o r o n e . N e v e r t h e l e s s i t i s an u n f a m i l i a r o n e , a n d I t r ied to 

d e v e l o p the i d e a in s tages , w o r k i n g t h r o u g h i n a n i m a t e a r te fac t s t o i n t e r n a l 

parasi tes c o n t r o l l i n g thei r hos ts ' b e h a v i o u r . F r o m i n t e r n a l pa ras i t e s w e 

m o v e d v i a c u c k o o s to a c t i o n a t a d i s t ance . In t h e o r y , g e n e t i c a c t i o n a t a 

d i s t ance c o u l d i n c l u d e a lmos t a l l i n t e r ac t ions b e t w e e n i n d i v i d u a l s o f the 

s a m e o r different spec ies . T h e l i v i n g w o r l d c a n be seen a s a n e t w o r k o f 

i n t e r l ock ing f i e l d s o f r e p l i c a t o r p o w e r . 

I t i s h a r d for me to i m a g i n e the k ind o f m a t h e m a t i c s t ha t the 
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u n d e r s t a n d i n g o f the de t a i l s w i l l e v e n t u a l l y d e m a n d . I h a v e a d i m vis ion o f 

p h e n o t y p i c c h a r a c t e r s i n an e v o l u t i o n a r y s p a c e b e i n g t u g g e d i n different 

d i r e c t i o n s b y r e p l i c a t o r s u n d e r se l ec t ion . I t i s o f the essence o f m y a p p r o a c h 

tha t the r e p l i c a t o r s t u g g i n g o n a n y g i v e n p h e n o t y p i c fea tu re wi l l i n c l u d e 

s o m e f rom o u t s i d e the b o d y a s w e l l a s those ins ide it. S o m e w i l l o b v i o u s l y be 

t u g g i n g h a r d e r t h a n o the r s , s o the a r r o w s o f force w i l l h a v e v a r y i n g 

m a g n i t u d e a s w e l l a s d i r e c t i o n . P r e s u m a b l y the t heo ry o f a r m s r a c e s — t h e 

r a r e - e n e m y effect, the l i f e /d inne r p r i n c i p l e , e t c . — w i l l h a v e a p r o m i n e n t role 

t o p l a y i n the a s s i g n m e n t o f these m a g n i t u d e s . S h e e r p h y s i c a l p r o x i m i t y wi l l 

p r o b a b l y p l a y a r o l e : g e n e s s e e m l ike ly , o t h e r th ings b e i n g e q u a l , t o exer t 

m o r e p o w e r o v e r n e a r b y p h e n o t y p i c c h a r a c t e r s t h a n o v e r d i s t an t ones . A s a n 

i m p o r t a n t s p e c i a l case o f this , ce l l s a re l i ke ly t o be q u a n t i t a t i v e l y m o r e 

h e a v i l y i n f l u e n c e d b y g e n e s ins ide t h e m t h a n b y g e n e s ins ide o t h e r ce l ls . T h e 

s a m e w i l l go for b o d i e s . B u t these w i l l be q u a n t i t a t i v e effects, t o be w e i g h e d 

i n the b a l a n c e w i t h o t h e r cons ide r a t i ons from a r m s r a c e t heo ry . S o m e t i m e s , 

say b e c a u s e o f the r a r e - e n e m y effect, g e n e s i n o t h e r bod ies m a y exe r t m o r e 

p o w e r t h a n the b o d y ' s ' o w n ' g e n e s , o v e r p a r t i c u l a r a spec t s o f its p h e n o t y p e . 

M y h u n c h i s t ha t a l m o s t a l l p h e n o t y p i c c h a r a c t e r s w i l l turn o u t t o b e a r the 

m a r k s o f c o m p r o m i s e b e t w e e n in te rna l a n d e x t e r n a l r e p l i c a t o r forces . 

T h e i d e a o f conf l i c t a n d c o m p r o m i s e b e t w e e n m a n y se lec t ion pressures 

b e a r i n g on a g i v e n p h e n o t y p i c c h a r a c t e r is, o f cou r se , f ami l i a r f rom o r d i n a r y 

b i o l o g y . We of ten s p e a k of, say , the s ize of a b i rd ' s tai l as a c o m p r o m i s e 

b e t w e e n the needs o f a e r o d y n a m i c s a n d the needs o f s exua l a t t r ac t iveness . I 

d o no t k n o w w h a t k ind o f m a t h e m a t i c s a re c o n s i d e r e d su i t ab l e for d e s c r i b i n g 

this k ind o f w i t h i n - b o d y conf l i c t a n d c o m p r o m i s e , b u t w h a t e v e r t hey a re , 

t hey s h o u l d b e g e n e r a l i z e d t o c o p e w i t h the a n a l o g o u s p r o b l e m s o f gene t i c 

a c t i o n a t a d i s t a n c e a n d e x t e n d e d p h e n o t y p e s . 

B u t I h a v e no t the w i n g s to f ly in m a t h e m a t i c a l spaces . T h e r e mus t be a 

v e r b a l m e s s a g e for those tha t s t u d y a n i m a l s in the f ield. W h a t d i f ference w i l l 

the d o c t r i n e o f the e x t e n d e d p h e n o t y p e m a k e t o h o w w e a c t u a l l y see 

a n i m a l s ? M o s t ser ious field b io log is t s n o w subsc r ibe t o the t h e o r e m , l a rge ly 

d u e t o H a m i l t o n , t h a t a n i m a l s a re e x p e c t e d t o b e h a v e a s i f m a x i m i z i n g the 

s u r v i v a l c h a n c e s of a l l the g e n e s ins ide t h e m . I h a v e a m e n d e d this to a n e w 

c e n t r a l t h e o r e m o f t he e x t e n d e d p h e n o t y p e : A n a n i m a l ' s b e h a v i o u r tends t o 

m a x i m i z e the s u r v i v a l o f the g e n e s ' for ' tha t b e h a v i o u r , w h e t h e r o r not those 

g e n e s h a p p e n t o b e i n t he b o d y o f the p a r t i c u l a r a n i m a l p e r f o r m i n g the 

b e h a v i o u r . T h e t w o t h e o r e m s w o u l d a m o u n t t o the s a m e t h i n g i f a n i m a l 

p h e n o t y p e s w e r e a l w a y s u n d e r the u n a d u l t e r a t e d con t ro l o f the i r o w n 

g e n o t y p e s , a n d u n i n f l u e n c e d b y the g e n e s o f o t h e r o r g a n i s m s . I n a d v a n c e o f 

a m a t h e m a t i c a l t h e o r y to h a n d l e the q u a n t i t a t i v e i n t e r ac t ions b e t w e e n 

c o n f l i c t i n g pressures , p e r h a p s the s imples t q u a l i t a t i v e c o n c l u s i o n i s tha t the 

b e h a v i o u r w e a r e l o o k i n g a t m a y be , a t least p a r t l y , a n a d a p t a t i o n for the 
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prese rva t ion o f s o m e o t h e r a n i m a l ' s o r p l a n t ' s g e n e s . I t m a y the re fore b e 

pos i t ive ly m a l a d a p t i v e for the o r g a n i s m p e r f o r m i n g the b e h a v i o u r . 

O n c e w h e n I t r ied to p e r s u a d e a c o l l e a g u e of t h i s — h e is a s t a u n c h b e l i e v e r 

i n the p o w e r o f D a r w i n i a n se l ec t ion , a n d a g o o d f i e l d i n v e s t i g a t o r o f i t — h e 

t h o u g h t tha t I w a s m a k i n g a n a n t i - a d a p t a t i o n p o i n t . H e w a r n e d m e tha t 

t ime a n d a g a i n p e o p l e h a d w r i t t e n off s o m e q u i r k o f a n i m a l b e h a v i o u r o r 

m o r p h o l o g y a s funct ionless o r m a l a d a p t i v e , o n l y t o d i s c o v e r t h a t t hey h a d 

not fully u n d e r s t o o d it. He w a s r igh t . B u t the p o i n t I am m a k i n g i s d i f ferent . 

W h e n I say he re tha t a b e h a v i o u r p a t t e r n is m a l a d a p t i v e , I o n l y m e a n i t is 

m a l a d a p t i v e for the individual animal p e r f o r m i n g it. I am s u g g e s t i n g tha t the 

i n d i v i d u a l p e r f o r m i n g the b e h a v i o u r i s no t the en t i t y for w h o s e benef i t the 

b e h a v i o u r i s an a d a p t a t i o n . A d a p t a t i o n s benef i t the g e n e t i c r e p l i c a t o r s 

responsib le for t h e m , a n d o n l y i n c i d e n t a l l y the i n d i v i d u a l o r g a n i s m s 

i n v o l v e d . 

T h i s c o u l d h a v e b e e n the end o f the b o o k . W e h a v e e x t e n d e d the 

p h e n o t y p e ou t a s far a s i t c a n g o . T h e pas t th ree c h a p t e r s b u i l d to a c l i m a x o f 

a sort, a n d we m i g h t h a v e b e e n c o n t e n t w i t h this as c o n s u m m a t i o n . B u t I 

prefer to end on an u p b e a t , to b e g i n the a r o u s i n g o f a t e n t a t i v e n e w 

cur ios i ty . I confessed a t the ou tse t to b e i n g an a d v o c a t e , a n d an ea sy w a y for 

any a d v o c a t e to p r e p a r e the g r o u n d for his case i s to a t t a c k the a l t e r n a t i v e . 

Before a d v o c a t i n g the d o c t r i n e o f the e x t e n d e d p h e n o t y p e o f a n a c t i v e g e r m -

line r ep l i ca to r , therefore , I t r ied to u n d e r m i n e the r e a d e r ' s c o n f i d e n c e in the 

i n d i v i d u a l o r g a n i s m a s the un i t o f a d a p t i v e benef i t . B u t , n o w t h a t w e h a v e 

discussed the e x t e n d e d p h e n o t y p e itself, i t i s t i m e to r e o p e n the q u e s t i o n of 

the o r g a n i s m ' s ex i s t ence a n d o b v i o u s i m p o r t a n c e i n the h i e r a r c h y o f l ife, a n d 

see w h e t h e r we see i t a n y c l e a r e r i n the l i gh t o f the e x t e n d e d p h e n o t y p e . 

G i v e n tha t life d id no t have t o be p a c k a g e d i n to d i sc re t e o r g a n i s m s , a n d 

a l l o w i n g tha t o r g a n i s m s a r e no t a l w a y s t o t a l l y d i sc re t e , w h y , n e v e r t h e l e s s , 

d id a c t i v e g e r m - l i n e r ep l i ca to r s so c o n s p i c u o u s l y o p t for the o r g a n i s m a l w a y 

o f d o i n g th ings? 
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H a v i n g d e v o t e d mos t o f this b o o k t o p l a y i n g d o w n the i m p o r t a n c e o f 

the i n d i v i d u a l o r g a n i s m , a n d t o b u i l d i n g up an a l t e r n a t i v e i m a g e o f a 

t u r m o i l o f selfish r e p l i c a t o r s , b a t t l i n g for the i r o w n s u r v i v a l a t the expense o f 

the i r a l l e l e s , r e a c h i n g u n i m p e d e d t h r o u g h i n d i v i d u a l b o d y w a l l s a s t h o u g h 

those w a l l s w e r e t r a n s p a r e n t , i n t e r a c t i n g w i t h the w o r l d a n d w i t h e a c h o the r 

w i t h o u t r e g a r d t o o r g a n i s m a l b o u n d a r i e s , w e n o w hes i ta te . T h e r e rea l ly i s 

s o m e t h i n g p r e t t y i m p r e s s i v e a b o u t i n d i v i d u a l o r g a n i s m s . I f w e a c t u a l l y c o u l d 

w e a r s p e c t a c l e s t ha t m a d e bod i e s t r a n s p a r e n t a n d d i s p l a y e d o n l y D N A , the 

d i s t r i bu t i on o f D N A tha t w e w o u l d see i n the w o r l d w o u l d b e o v e r w h e l m 

i n g l y n o n - r a n d o m . I f ce l l n u c l e i g l o w e d l ike stars a n d al l else w a s inv i s ib le , 

m u l t i c e l l u l a r b o d i e s w o u l d s h o w u p a s c l o s e - p a c k e d g a l a x i e s w i t h c a v e r n o u s 

s p a c e b e t w e e n t h e m . A m i l l i o n b i l l i on g l o w i n g p i n p r i c k s m o v e in un i son w i t h 

e a c h o t h e r a n d o u t o f s tep w i t h al l the m e m b e r s o f o t h e r such g a l a x i e s . 

T h e o r g a n i s m i s a p h y s i c a l l y d i sc re te m a c h i n e , u sua l l y w a l l e d off from 

o t h e r s u c h m a c h i n e s . I t has a n i n t e r n a l o r g a n i z a t i o n , often o f s t a g g e r i n g 

c o m p l e x i t y , a n d i t d i s p l a y s t o a h i g h d e g r e e the q u a l i t y t ha t J u l i a n H u x l e y 

( 1 9 1 2 ) l a b e l l e d ' i n d i v i d u a l i t y ' — l i t e r a l l y i n d i v i s i b i l i t y — t h e q u a l i t y o f b e i n g 

suff ic ient ly h e t e r o g e n e o u s in fo rm to be r e n d e r e d non - func t i ona l i f c u t in 

half . G e n e t i c a l l y s p e a k i n g , t oo , the i n d i v i d u a l o r g a n i s m is u sua l l y a c l ea r ly 

d e f i n a b l e un i t , w h o s e ce l l s h a v e the s a m e g e n e s a s e a c h o the r bu t different 

g e n e s f rom the ce l l s o f o t h e r o r g a n i s m s . T o a n i m m u n o l o g i s t the i n d i v i d u a l 

o r g a n i s m has a s p e c i a l k ind o f ' u n i q u e n e s s ' ( M e d a w a r 1 9 5 7 ) , in tha t i t w i l l 

r e a d i l y a c c e p t graf ts f rom o t h e r par t s o f its o w n b o d y , b u t no t f rom o the r 

b o d i e s . T o the e t h o l o g i s t — a n d this i s r e a l l y a n a spec t o f H u x l e y ' s 

i n d i v i s i b i l i t y — t h e o r g a n i s m is a un i t of b e h a v i o u r a l a c t i o n in a m u c h 

s t r o n g e r sense t h a n , say , t w o o r g a n i s m s , o r a l i m b o f a n o r g a n i s m . T h e 

o r g a n i s m has o n e c o o r d i n a t e d c e n t r a l n e r v o u s sys t em. I t t akes ' dec i s ions ' 

( D a w k i n s & D a w k i n s 1973) as a un i t . A l l its l i m b s consp i r e h a r m o n i o u s l y 

t o g e t h e r t o a c h i e v e o n e end a t a t i m e . O n those occas ions w h e n t w o o r m o r e 

o r g a n i s m s t ry to c o o r d i n a t e the i r efforts, say w h e n a p r ide of l ions 
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c o o p e r a t i v e l y s talks p r e y , the feats o f c o o r d i n a t i o n a m o n g i n d i v i d u a l s a re 

feeble c o m p a r e d w i t h the i n t r i c a t e o r c h e s t r a t i o n , w i t h h i g h s p a t i a l a n d 

t e m p o r a l p rec i s ion , o f the h u n d r e d s o f m u s c l e s w i t h i n e a c h i n d i v i d u a l . E v e n 

a starfish, w h o s e tube- fee t en joy a m e a s u r e o f a u t o n o m y a n d m a y tea r the 

a n i m a l i n t w o i f the c i r c u m - o r a l n e r v e r i n g has b e e n s u r g i c a l l y c u t , looks l ike 

a s ingle en t i ty , a n d in n a t u r e b e h a v e s as i f i t h a d a s ing le p u r p o s e . 

I am gra te fu l t o Dr J . P . H a i l m a n for no t w i t h h o l d i n g f rom me the 

sarcas t ic r e a c t i o n of a c o l l e a g u e to the p a p e r tha t w a s a b r i e f t r i a l - run for this 

b o o k ( D a w k i n s 1 9 7 8 a ) : ' R i c h a r d D a w k i n s has r e d i s c o v e r e d the o r g a n i s m . ' 

T h e i rony w a s no t lost o n m e , b u t there a re w h e e l s w i t h i n w h e e l s . W e a g r e e 

tha t there i s s o m e t h i n g spec i a l a b o u t the i n d i v i d u a l o r g a n i s m as a l e v e l in the 

h i e r a r c h y o f life, b u t i t i s no t s o m e t h i n g o b v i o u s , t o be a c c e p t e d w i t h o u t 

ques t ion . My h o p e i s tha t this b o o k has r e v e a l e d tha t t he re i s a s e c o n d side to 

the N e c k e r C u b e . B u t N e c k e r C u b e s h a v e a h a b i t o f f l i p p i n g b a c k a g a i n t o 

their o r i g ina l o r i e n t a t i o n , a n d then c o n t i n u i n g to a l t e r n a t e . W h a t e v e r i t i s 

tha t i s spec ia l a b o u t the i n d i v i d u a l o r g a n i s m as a un i t o f l ife, we s h o u l d a t 

least see i t m o r e c l e a r l y for h a v i n g v i e w e d the o t h e r s ide o f the N e c k e r C u b e , 

for h a v i n g t ra ined o u r eyes t o see t h r o u g h b o d y w a l l s i n to t he w o r l d o f 

rep l ica tors , a n d ou t a n d b e y o n d t o thei r e x t e n d e d p h e n o t y p e s . 

S o , w h a t i s i t t ha t i s spec i a l a b o u t the i n d i v i d u a l o r g a n i s m ? G i v e n tha t life 

c a n b e v i e w e d a s cons i s t ing o f r ep l i ca to r s w i t h the i r e x t e n d e d p h e n o t y p i c 

tools o f s u r v i v a l , w h y i n p r a c t i c e h a v e r e p l i c a t o r s c h o s e n t o g r o u p t h e m s e l v e s 

toge the r b y the h u n d r e d s o f t h o u s a n d s i n ce l l s , a n d w h y h a v e t h e y i n f l u e n c e d 

those cells to c l o n e t hemse lve s by the mi l l i ons o f b i l l ions in o r g a n i s m s ? 

O n e k ind o f a n s w e r i s sugges t ed b y the l o g i c o f c o m p l e x sys t ems . S i m o n 

(1962) has w r i t t e n a s t i m u l a t i n g essay on ' T h e a r c h i t e c t u r e o f c o m p l e x i t y ' , 

w h i c h sugges ts (us ing a p a r a b l e o f t w o w a t c h m a k e r s c a l l e d T e m p u s a n d 

H o r a , w h i c h has b e c o m e w e l l k n o w n ) , a g e n e r a l f u n c t i o n a l r e a s o n w h y 

c o m p l e x o r g a n i z a t i o n o f a n y k i n d , b i o l o g i c a l o r a r t i f i c ia l , t ends t o b e 

o r g a n i z e d in to nes ted h i e r a r c h i e s o f r e p e a t e d subun i t s . I h a v e d e v e l o p e d his 

a r g u m e n t i n the e t h o l o g i c a l c o n t e x t , c o n c l u d i n g tha t the e v o l u t i o n o f 

s ta t is t ica l ly ' i m p r o b a b l e assembl ies p r o c e e d s m o r e r a p i d l y i f t he re i s a suc 

cession o f i n t e r m e d i a t e s t ab l e sub -a s sembl i e s . S i n c e the a r g u m e n t c a n b e 

a p p l i e d t o e a c h s u b - a s s e m b l y , i t fo l lows tha t h i g h l y c o m p l e x sys t ems w h i c h 

exist in the w o r l d a re l i ke ly to h a v e a h i e r a r c h i c a l a r c h i t e c t u r e ' ( D a w k i n s 

1 9 7 6 b ) . I n the p resen t c o n t e x t the h i e r a r c h y consis ts o f g e n e s w i t h i n 

cel ls a n d cells w i t h i n o r g a n i s m s . M a r g u l i s ( 1 9 8 1 ) m a k e s a p e r s u a s i v e a n d 

fasc ina t ing case for an o ld i d e a tha t the h i e r a r c h y c o n t a i n s y e t a n o t h e r 

i n t e r m e d i a t e l e v e l : e u k a r y o t i c ' c e l l s ' a r e t h e m s e l v e s , in a sense, m u l t i 

ce l l u l a r c lus ters , s y m b i o t i c un ions o f ent i t ies s u c h a s m i t o c h o n d r i a , p las t ids 

a n d c i l i a , w h i c h a re h o m o l o g o u s to , a n d d e s c e n d e d f rom, p r o k a r y o t i c ce l ls . 

I w i l l no t pu r sue the m a t t e r fur ther he re . S i m o n ' s p o i n t i s a v e r y g e n e r a l 

one , a n d we need a m o r e specif ic a n s w e r t o the q u e s t i o n o f w h y r e p l i c a t o r s 
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chose to o r g a n i z e the i r p h e n o t y p e s in to func t iona l uni t s , e s p e c i a l l y a t the 

t w o l eve l s o f the ce l l a n d the m u l t i c e l l u l a r o r g a n i s m . 

In o r d e r to ask ques t i ons a b o u t w h y the w o r l d i s the w a y i t is, we h a v e to 

i m a g i n e h o w i t m i g h t h a v e b e e n . W e i n v e n t poss ib le w o r l d s i n w h i c h life 

m i g h t h a v e b e e n o r g a n i z e d d i f fe rent ly , a n d ask w h a t w o u l d h a v e h a p p e n e d i f 

i t h a d b e e n . W h a t i n s t ruc t i ve a l t e r n a t i v e s t o the w a y life is, t hen , c a n we 

i m a g i n e ? Firs t , i n o r d e r t o see w h y r e p l i c a t i n g m o l e c u l e s g a n g e d up in cel ls , 

we i m a g i n e a w o r l d i n w h i c h the re a re r e p l i c a t i n g m o l e c u l e s f l oa t ing freely 

i n the sea . T h e r e a re d i f ferent va r i e t i e s o f r ep l i ca to r , a n d t hey are c o m p e t i n g 

w i t h e a c h o t h e r for s p a c e a n d for the c h e m i c a l resources n e e d e d to bu i ld 

c o p i e s o f t h e m s e l v e s , b u t t hey are no t g r o u p e d t o g e t h e r i n c h r o m o s o m e s o f 

n u c l e i . E a c h so l i t a ry r e p l i c a t o r exer t s p h e n o t y p i c p o w e r t o m a k e cop ies o f 

itself, a n d s e l ec t i on f avour s those w i t h the most effect ive p h e n o t y p i c p o w e r . 

I t i s easy to b e l i e v e tha t this fo rm of life w o u l d no t be e v o l u t i o n a r i l y s tab le . I t 

w o u l d b e i n v a d e d b y m u t a n t r ep l i ca to r s tha t ' g a n g u p ' . C e r t a i n rep l i ca to rs 

w o u l d h a v e c h e m i c a l effects tha t c o m p l e m e n t those o f o t h e r rep l ica tors , 

c o m p l e m e n t t h e m in the sense tha t w h e n the t w o c h e m i c a l effects a re pu t 

t o g e t h e r r e p l i c a t i o n of b o t h is f ac i l i t a t ed ( M o d e l 2 in the p r e v i o u s c h a p t e r ) . I 

h a v e a l r e a d y used the e x a m p l e o f genes c o d i n g for e n z y m e s tha t c a t a ly se 

success ive s tages o f a b i o c h e m i c a l c h a i n r e a c t i o n . T h e s a m e p r i n c i p l e m a y b e 

a p p l i e d t o l a r g e r g r o u p s o f m u t u a l l y c o m p l e m e n t a r y r e p l i c a t i n g m o l e c u l e s 

I n d e e d , e a r t h l y b i o c h e m i s t r y sugges ts tha t the m i n i m a l un i t o f r ep l i c a t i on , 

e x c e p t pos s ib ly in the f o o d - r i c h e n v i r o n m e n t of a to ta l pa ras i t e , i s a b o u t fifty 

c is t rons ( M a r g u l i s 1 9 8 1 ) . I t m a k e s n o d i f ference t o the a r g u m e n t w h e t h e r 

n e w g e n e s ar ise b y d u p l i c a t i o n o f o ld ones a n d r e m a i n c lose toge the r , o r 

w h e t h e r p r e v i o u s l y i n d e p e n d e n t genes pos i t i ve ly c o m e toge the r . W e c a n still 

d iscuss the e v o l u t i o n a r y s t ab i l i t y o f the s ta te o f b e i n g ' g a n g e d u p ' . 

G a n g i n g u p o f g e n e s t o g e t h e r in to ce l l s , t hen , i s eas i ly u n d e r s t o o d , bu t w h y 

d i d cel ls g a n g t o g e t h e r i n to m u l t i c e l l u l a r c l o n e s ? In this case i t m i g h t be 

t h o u g h t t ha t w e d o n o t h a v e t o i n v e n t t h o u g h t e x p e r i m e n t s , b e c a u s e 

u n i c e l l u l a r , o r a c e l l u l a r , o r g a n i s m s a b o u n d o n o u r w o r l d . T h e s e , h o w e v e r , 

a re a l l s m a l l , a n d i t m a y be useful to i m a g i n e a poss ib le w o r l d in w h i c h there 

exis t l a r g e a n d c o m p l e x u n i c e l l u l a r o r m o n o n u c l e a t e o r g a n i s m s . C o u l d there 

be a fo rm of life in w h i c h o n e s ing le set of g e n e s , e n t h r o n e d in a s ingle cen t ra l 

n u c l e u s , d i r e c t e d the b i o c h e m i s t r y o f a m a c r o s c o p i c b o d y w i t h c o m p l e x 

o r g a n s , e i the r a s ing le g i g a n t i c ' c e l l ' , o r a m u l t i c e l l u l a r b o d y in w h i c h al l bu t 

o n e of the cel ls l a c k e d the i r o w n p r i v a t e cop ies o f the g e n o m e ? I th ink such a 

fo rm o f life c o u l d o n l y exis t i f its e m b r y o l o g y fo l l owed p r inc ip les v e r y 

dif ferent f rom those w i t h w h i c h w e a re f ami l i a r . I n the e m b r y o l o g i e s tha t w e 

k n o w , o n l y a m i n o r i t y o f g e n e s a re ' t u rned o n ' i n a n y o n e t y p e o f 

d i f f e ren t i a t i ng t issue a t a n y o n e t i m e ( G u r d o n 1 9 7 4 ) . I t i s a d m i t t e d l y a w e a k 

a r g u m e n t a t this s t age , b u t i f the re w e r e o n l y o n e set o f genes in the ent i re 

b o d y , i t i s no t e a sy to see h o w the a p p r o p r i a t e g e n e p r o d u c t s c o u l d be 
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c o n v e y e d to the v a r i o u s par t s o f the d i f f e ren t i a t ing b o d y a t the a p p r o 

pr ia te t imes . 

Bu t w h y does there h a v e to be a complete set of g e n e s in e v e r y ce l l of a 

d e v e l o p i n g b o d y ? I t i s su re ly easy to i m a g i n e a fo rm of life in w h i c h pa r t s o f 

the g e n o m e are h i v e d off d u r i n g d i f fe ren t ia t ion , so tha t a g i v e n t y p e o f t issue, 

l iver tissue o r k i d n e y tissue say , has o n l y the g e n e s t ha t i t n e e d s . O n l y the 

g e r m - l i n e ce l l s , i t w o u l d s eem, r ea l l y n e e d to p r e s e r v e the en t i r e g e n o m e . I t 

m a y be tha t the reason i s s i m p l y tha t t he re i s no easy w a y , p h y s i c a l l y , to 

h ive off par ts o f the g e n o m e . I t i s no t , after a l l , as t h o u g h the g e n e s n e e d e d in 

a n y p a r t i c u l a r d i f fe ren t ia ted r e g i o n o f the d e v e l o p i n g b o d y a r e a l l s e g r e g a t e d 

on one c h r o m o s o m e . We c o u l d , I suppose , n o w ask ou r se lves w h y this h a d to 

be the case . G i v e n tha t i t i s the case , full d iv i s ion of the en t i r e g e n o m e a t 

e v e r y cel l d iv i s ion m a y s i m p l y b e the easiest a n d mos t e c o n o m i c a l w a y o f 

d o i n g th ings . H o w e v e r , i n the l i gh t o f m y p a r a b l e ( C h a p t e r 9 ) o f the rosy-

spec t ac l ed M a r t i a n a n d the need for c y n i c i s m , the r e a d e r m a y b e t e m p t e d t o 

specu la t e fur ther . C o u l d i t be t ha t the to ta l , r a t h e r t h a n p a r t i a l , d u p l i c a t i o n 

o f the g e n o m e in mitos is i s an a d a p t a t i o n by s o m e g e n e s t o k e e p t h e m s e l v e s 

in a pos i t ion to ove r see a n d t h w a r t w o u l d - b e o u t l a w s a m o n g the i r 

c o l l e a g u e s ? P e r s o n a l l y I d o u b t it , no t b e c a u s e the i d e a i s i n h e r e n t l y far

fe tched b u t b e c a u s e i t i s h a r d to see h o w a g e n e in the l i v e r , s ay , c o u l d s t and 

t o g a i n from b e i n g an o u t l a w a n d m a n i p u l a t i n g the l i v e r i n a w a y t h a t w o u l d 

be to the d e t r i m e n t o f genes in the k i d n e y o r the sp l een . F o l l o w i n g the l o g i c 

o f the c h a p t e r o n paras i tes , the interests o f ' l i ve r g e n e s ' a n d ' k i d n e y g e n e s ' 

w o u l d o v e r l a p b e c a u s e t hey sha re the s a m e g e r m - l i n e a n d the s a m e g a m e t i c 

route out o f the p resen t b o d y . 

I h a v e no t p r o v i d e d a r i g o r o u s de f in i t ion of the o r g a n i s m . I t is, i n d e e d , 

a r g u a b l e tha t the o r g a n i s m i s a c o n c e p t o f d u b i o u s u t i l i t y , p r e c i s e l y b e c a u s e 

i t i s so difficult to def ine sa t i s fac tor i ly . F r o m the i m m u n o l o g i c a l or g e n e t i c 

points o f v i e w , a p a i r o f m o n o z y g o t i c tw ins w o u l d h a v e to c o u n t as a s ing le 

o r g a n i s m , ye t c l e a r l y t hey w o u l d no t s o q u a l i f y f rom the p o i n t o f v i e w o f the 

phys io log is t , the e tho log i s t , o r H u x l e y ' s i nd iv i s i b i l i t y c r i t e r i on . W h a t i s ' t he 

i n d i v i d u a l ' i n a c o l o n i a l s i p h o n o p h o r e o r b r y o z o a n ? Bo tan i s t s h a v e g o o d 

reason to be less fond o f the ph ra se ' i n d i v i d u a l o r g a n i s m ' t h a n zoo log i s t s a r e : 

' T h e i n d i v i d u a l fruit f ly , f lour bee t l e , r a b b i t , f la tworm or e l e p h a n t i s a 

p o p u l a t i o n a t the c e l l u l a r b u t no t a t a n y h i g h e r l e v e l . S t a r v a t i o n does no t 

c h a n g e the n u m b e r o f legs , hea r t s o r l ivers o f an a n i m a l b u t the effect o f stress 

on a p l an t i s to a l te r b o t h the ra te o f f o r m a t i o n o f n e w l e a v e s a n d the r a t e o f 

d e a t h o f o ld o n e s : a p l a n t m a y r e a c t t o stress by v a r y i n g the n u m b e r o f its 

par ts ' ( H a r p e r 1 9 7 7 , p p . 2 0 - 2 1 ) . T o H a r p e r , a s a p l a n t p o p u l a t i o n b io log i s t , 

the l ea f m a y be a m o r e sa l ien t ' i n d i v i d u a l ' t h a n ' t he p l a n t ' , s ince the p l a n t i s 

a s t r agg l ing , v a g u e en t i ty for w h o m r e p r o d u c t i o n m a y be h a r d t o d i s t i ngu i sh 

from w h a t a zoo log i s t w o u l d h a p p i l y ca l l ' g r o w t h ' . H a r p e r feels o b l i g e d to 

co in t w o n e w te rms for different k inds o f ' i n d i v i d u a l ' i n b o t a n y . ' T h e 
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" r a m e t " i s the un i t o f c l o n a l g r o w t h , the m o d u l e tha t m a y often fo l low a n 

i n d e p e n d e n t e x i s t e n c e i f s eve red from the p a r e n t p l a n t . ' S o m e t i m e s , as in 

s t r a w b e r r i e s , the r a m e t i s the un i t tha t we o r d i n a r i l y ca l l a ' p l a n t ' . In o the r 

cases s u c h a s w h i t e c l o v e r the r a m e t m a y b e the s ingle leaf. T h e ' g e n e t ' , o n 

the o t h e r h a n d , i s the un i t w h i c h spr ings f rom o n e s ing le -ce l l ed z y g o t e , the 

' i n d i v i d u a l ' i n the sense o f a zoo log i s t w h o s e a n i m a l s r e p r o d u c e s exua l l y . 

J a n z e n ( 1 9 7 7 ) faces up to the s a m e dif f icul ty , s u g g e s t i n g tha t a c l o n e o f 

d a n d e l i o n s s h o u l d b e r e g a r d e d a s o n e ' e v o l u t i o n a r y i n d i v i d u a l ' ( H a r p e r ' s 

g e n e t ) , e q u i v a l e n t to a s ing le tree a l t h o u g h sp read ou t a l o n g the g r o u n d 

r a t h e r t h a n ra i sed up in the a i r on a t runk , a n d a l t h o u g h d i v i d e d up into 

s e p a r a t e p h y s i c a l ' p l a n t s ' ( H a r p e r ' s r a m e t s ) . A c c o r d i n g t o this v i e w , there 

m a y b e a s f e w a s four i n d i v i d u a l d a n d e l i o n s c o m p e t i n g w i t h e a c h o the r for 

the t e r r i to ry o f the w h o l e o f N o r t h A m e r i c a . J a n z e n sees a c l o n e o f aph ids i n 

the s a m e w a y . H i s p a p e r has no l i t e r a tu re c i t a t ions a t a l l , bu t the v i e w i s no t 

a n e w o n e . I t g o e s b a c k a t least a s far a s 1854 , w h e n T . H . H u x l e y ' t r ea ted 

e a c h life c y c l e a s an i n d i v i d u a l , w i t h a l l the p r o d u c t s f rom s e x u a l e v e n t to 

s e x u a l e v e n t b e i n g a s ing le un i t . He e v e n t r ea ted an a s e x u a l l i n e a g e o f aph ids 

a s an i n d i v i d u a l ' ( G h i s e l i n in press) . T h e r e i s m e r i t i n this w a y o f th ink ing , 

b u t I sha l l s h o w tha t i t l e a v e s ou t s o m e t h i n g i m p o r t a n t . 

O n e w a y t o r e -express the H u x l e y / J a n z e n a r g u m e n t i s a s fo l lows . T h e 

g e r m - l i n e of a t y p i c a l o r g a n i s m , say a h u m a n , goes t h r o u g h a s e q u e n c e of 

p e r h a p s a few d o z e n m i t o t i c d iv i s ions b e t w e e n e a c h meios is . E m p l o y i n g 

C h a p t e r 5's ' b a c k w a r d s ' w a y o f l o o k i n g a t the 'past expe r i ence o f a g e n e ' , 

a n y g i v e n g e n e in a l i v i n g h u m a n has a h i s tory of ce l l d iv i s ions as fo l l ows : 

meios i s mi tos is mi tos is . . . mi tos is meios is . I n e v e r y success ive b o d y , i n 

p a r a l l e l w i t h the m i t o t i c d iv i s ion o f the g e r m - l i n e , o t h e r mi to t i c divis ions 

h a v e fu rn i shed the g e r m - l i n e w i t h a l a r g e c l o n e o f ' h e l p e r ' ce l l s , g r o u p e d 

t o g e t h e r i n to a b o d y in w h i c h the g e r m - l i n e i s h o u s e d . In e v e r y g e n e r a t i o n 

the g e r m - l i n e i s f unne l l ed d o w n in to a o n e - c e l l e d ' b o t t l e n e c k ' (a g a m e t e 

f o l l o w e d by a z y g o t e ) , t hen i t fans ou t in to a m a n y - c e l l e d b o d y , then i t is 

f unne l l ed d o w n in to a n e w b o t t l e n e c k , e tc . ( B o n n e r 1 9 7 4 ) . 

T h e m a n y - c e l l e d b o d y i s a m a c h i n e for the p r o d u c t i o n o f s ing le -ce l l ed 

p r o p a g u l e s . L a r g e bod i e s , l ike e l e p h a n t s , a re best seen a s h e a v y p l a n t a n d 

m a c h i n e r y , a t e m p o r a r y r e s o u r c e d r a i n , i nves ted in so as to i m p r o v e la te r 

p r o p a g u l e p r o d u c t i o n ( S o u t h w o o d 1 9 7 6 ) . In a sense the g e r m - l i n e w o u l d 

' l i k e ' t o r e d u c e c a p i t a l i n v e s t m e n t i n h e a v y m a c h i n e r y , r e d u c e the n u m b e r o f 

ce l l d iv i s ions in the g r o w t h pa r t o f the c y c l e , so as to r e d u c e the in te rva l 

b e t w e e n r e c u r r e n c e o f the r e p r o d u c t i o n pa r t o f the c y c l e . B u t this r e c u r r e n c e 

i n t e r v a l has an o p t i m a l l e n g t h w h i c h i s different for different w a y s o f life. 

G e n e s tha t c a u s e d e l e p h a n t s t o r e p r o d u c e w h e n too y o u n g a n d smal l w o u l d 

p r o p a g a t e t h e m s e l v e s less eff ic ient ly t h a n a l le les t e n d i n g to p r o d u c e an 

o p t i m a l r e c u r r e n c e i n t e r v a l . T h e o p t i m a l r e c u r r e n c e i n t e r v a l for genes tha t 

h a p p e n to f ind t h e m s e l v e s in e l e p h a n t g e n e - p o o l s i s m u c h l o n g e r t han the 
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o p t i m a l r e c u r r e n c e i n t e r v a l for g e n e s i n m o u s e g e n e - p o o l s . I n the e l e p h a n t 

case, m o r e c a p i t a l i n v e s t m e n t i s r e q u i r e d to be l a i d d o w n be fo re r e tu rns on 

inves tmen t a re s o u g h t . A p r o t o z o a n l a r g e l y d i spenses w i t h the g r o w t h p h a s e 

o f the c y c l e a l t o g e t h e r , a n d its ce l l d iv i s ions a r e a l l ' r e p r o d u c t i v e ' ce l l 

d iv is ions . 

I t fo l lows f rom this w a y o f l o o k i n g a t o r g a n i s m s tha t t he e n d p r o d u c t , t he 

' g o a l ' o f the g r o w t h phase o f the c y c l e , i s r e p r o d u c t i o n . T h e m i t o t i c ce l l 

d iv is ions w h i c h p u t t o g e t h e r a n e l e p h a n t a re a l l d i r e c t e d t o the e n d o f f ina l ly 

p r o p a g a t i n g v i a b l e g a m e t e s w h i c h s u c c e e d i n p e r p e t u a t i n g the g e r m - l i n e . 

N o w , h o l d i n g this i n m i n d , look a t a p h i d s . D u r i n g the s u m m e r , a s e x u a l 

females g o t h r o u g h r e p e a t e d g e n e r a t i o n s o f a s e x u a l r e p r o d u c t i o n c u l m i n a t 

i n g i n a s ingle s e x u a l g e n e r a t i o n w h i c h restar ts the c y c l e . C l e a r l y , by a n a l o g y 

w i t h the e l e p h a n t , i t i s easy to fo l low J a n z e n in s e e i n g the s u m m e r a s e x u a l 

gene ra t i ons a s a l l d i r e c t e d t o w a r d s the final e n d o f s e x u a l r e p r o d u c t i o n in 

a u t u m n . A s e x u a l r e p r o d u c t i o n , a c c o r d i n g t o this v i e w , i s no t r e a l l y r e p r o 

d u c t i o n a t a l l . I t i s g r o w t h , j u s t l ike the g r o w t h of a s ing le e l e p h a n t ' s b o d y . 

Fo r J a n z e n the w h o l e c l o n e o f f e m a l e a p h i d s i s a s ing le e v o l u t i o n a r y ind i 

v i d u a l b e c a u s e i t is the p r o d u c t of a s ing le s e x u a l fus ion. I t is an u n u s u a l 

i n d i v i d u a l in tha t i t h a p p e n s to be spl i t up in to a n u m b e r o f p h y s i c a l l y 

sepa ra t e uni ts , b u t s o w h a t ? E a c h o f those p h y s i c a l un i t s c o n t a i n s its o w n 

f r agmen t o f g e r m - l i n e , bu t t hen so does the left o v a r y a n d the r i g h t o v a r y o f 

a female e l e p h a n t . T h e f r a g m e n t s o f g e r m - l i n e in the a p h i d case a re s e p a r a t e d 

b y thin air , w h i l e the t w o o v a r i e s o f a n e l e p h a n t a r e s e p a r a t e d b y gu t s bu t , 

a g a i n , s o w h a t ? 

Pe r suas ive as this l ine of a r g u m e n t is, I h a v e a l r e a d y m e n t i o n e d tha t I 

th ink i t misses an i m p o r t a n t po in t . I t i s r i gh t to r e g a r d mos t m i t o t i c ce l l 

d iv is ions a s ' g r o w t h ' , ' a i m e d ' a t the f inal g o a l o f r e p r o d u c t i o n , a n d i t i s r i g h t 

t o r ega rd the i n d i v i d u a l o r g a n i s m as the p r o d u c t o f o n e r e p r o d u c t i v e e v e n t , 

bu t J a n z e n i s w r o n g to e q u a t e the r e p r o d u c t i o n / g r o w t h d i s t i nc t i on w i t h the 

s e x u a l / a s e x u a l d i s t i nc t ion . T h e r e is, t o b e sure , a n i m p o r t a n t d i s t i n c t i o n 

l u rk ing here , b u t i t i s no t the d i s t inc t ion b e t w e e n sex a n d n o n - s e x , n o r i s i t 

the d i s t inc t ion b e t w e e n meios is a n d mi tos is . 

T h e d i s t inc t ion tha t I w i sh to e m p h a s i z e i s t ha t b e t w e e n g e r m - l i n e ce l l 

d iv i s ion ( r e p r o d u c t i o n ) , a n d s o m a t i c o r ' d e a d - e n d ' ce l l d i v i s i o n ( g r o w t h ) . A 

g e r m - l i n e ce l l d iv i s ion i s o n e w h e r e the g e n e s b e i n g d u p l i c a t e d h a v e a c h a n c e 

o f b e i n g the ances tors o f a n indef in i t e ly l o n g l ine o f d e s c e n d a n t s , w h e r e the 

genes a re , in fac t , t rue g e r m - l i n e r e p l i c a t o r s in the sense of C h a p t e r 5 . A 

ge rm- l i ne ce l l d iv i s ion m a y be a mitos is or a me ios i s . I f we s i m p l y l ook a t a 

ce l l d iv i s ion u n d e r a m i c r o s c o p e , the re m a y be no w a y o f t e l l i ng w h e t h e r i t i s 

a g e r m - l i n e d iv i s ion o r no t . B o t h g e r m - l i n e a n d s o m a t i c ce l l d iv i s ions m a y be 

mitoses o f i den t i c a l a p p e a r a n c e . 

I f we look a t a g e n e in a n y ce l l in a l i v i n g o r g a n i s m a n d t r a c e its h i s to ry 

b a c k w a r d s in e v o l u t i o n a r y t ime , the mos t r e c e n t f ew ce l l d iv i s ions o f its 
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' e x p e r i e n c e ' m a y be s o m a t i c , bu t o n c e we r e a c h a g e r m - l i n e ce l l d iv i s ion in 

o u r b a c k w a r d s m a r c h , a l l p r e v i o u s ones i n the g e n e ' s h i s tory mus t be g e r m -

l ine d iv i s ions . G e r m - l i n e ce l l d iv i s ions m a y b e t h o u g h t o f a s p r o c e e d i n g 

f o r w a r d s i n e v o l u t i o n a r y t ime , w h i l e s o m a t i c ce l l d iv i s ions a re p r o c e e d i n g 

s i d e w a y s . S o m a t i c ce l l d iv i s ions are used to m a k e m o r t a l tissues, o r g a n s a n d 

in s t rumen t s w h o s e ' p u r p o s e ' i s the p r o m o t i n g o f g e r m - l i n e ce l l d iv i s ions . T h e 

w o r l d i s p o p u l a t e d by g e n e s w h i c h h a v e s u r v i v e d in g e r m - l i n e s as a 

c o n s e q u e n c e o f a id t ha t t hey r e c e i v e d from the i r e x a c t d u p l i c a t e s i n soma t i c 

ce l l s . G r o w t h c o m e s a b o u t t h r o u g h the p r o p a g a t i o n o f d e a d - e n d somat i c 

ce l l s , w h i l e r e p r o d u c t i o n i s the m e a n s o f the p r o p a g a t i o n o f g e r m - l i n e cel ls . 

H a r p e r ( 1 9 7 7 ) m a k e s a d i s t inc t ion b e t w e e n r e p r o d u c t i o n a n d g r o w t h in 

p l an t s , w h i c h w i l l n o r m a l l y a m o u n t t o the s a m e a s m y d i s t inc t ion b e t w e e n 

g e r m - l i n e a n d s o m a t i c ce l l d i v i s i o n : ' T h e d i s t inc t ion m a d e here b e t w e e n 

" r e p r o d u c t i o n " a n d " g r o w t h " i s tha t r e p r o d u c t i o n i n v o l v e s the fo rma t ion o f 

a n e w i n d i v i d u a l f rom a s ing le c e l l : this is u sua l l y ( t h o u g h not a l w a y s e .g . 

a p o m i c t s ) a z y g o t e . In this p rocess a n e w i n d i v i d u a l is " r e p r o d u c e d " by the 

i n f o r m a t i o n tha t i s c o d e d in the ce l l . G r o w t h , in con t ras t , results from the 

d e v e l o p m e n t o f o r g a n i z e d m e r i s t e m s ' ( H a r p e r 1 9 7 7 , p . 2 7 fn.) . W h a t 

ma t t e r s he re i s w h e t h e r the re r ea l l y i s an i m p o r t a n t b i o l o g i c a l d i s t inc t ion 

b e t w e e n g r o w t h a n d r e p r o d u c t i o n w h i c h i s not the s a m e a s the d i s t inc t ion 

b e t w e e n mi tos is a n d meios is + sex . Is the re r ea l l y a c r u c i a l difference 

b e t w e e n ' r e p r o d u c i n g ' t o m a k e t w o a p h i d s o n the o n e h a n d , a n d ' g r o w i n g ' 

t o m a k e o n e a p h i d t w i c e a s l a r g e o n the o t h e r ? J a n z e n w o u l d p r e s u m a b l y say 

no . H a r p e r w o u l d p r e s u m a b l y say yes . I a g r e e w i t h H a r p e r , b u t I w o u l d not 

h a v e b e e n a b l e t o jus t i fy my pos i t ion unt i l I h a d r e a d J . T . B o n n e r ' s (1974) 

i n sp i r i ng b o o k On Development. T h e ju s t i f i ca t ion is best m a d e w i t h the aid of 

t h o u g h t e x p e r i m e n t s . 

I m a g i n e a p r i m i t i v e p l a n t cons i s t ing of a flat, p a d - l i k e tha l lus , f loa t ing on 

the su r face o f the sea , a b s o r b i n g nu t r ien t s t h r o u g h its l o w e r sur face a n d 

s u n l i g h t t h r o u g h its u p p e r sur face . I n s t ead o f ' r e p r o d u c i n g ' ( i .e . s e n d i n g off 

s i n g l e - c e l l e d p r o p a g u l e s to g r o w e l s e w h e r e ) , i t s i m p l y g r o w s a t its m a r g i n s , 

s p r e a d i n g i n to an e v e r l a r g e r c i r c u l a r g r e e n c a r p e t , l ike a mons t rous l i ly p a d 

s eve ra l mi le s ac ross a n d still g r o w i n g . M a y b e o l d e r par t s o f the tha l lus 

e v e n t u a l l y d i e , so t ha t i t consis ts o f an e x p a n d i n g r i n g r a the r t han a f i l l ed 

c i r c l e l i ke a t rue l i ly p a d . P e r h a p s a lso , f rom t ime to t ime , c h u n k s of the 

tha l lus spl i t off, l ike icef loes s h e a r i n g a w a y from the p a c k ice , a n d s epa ra t e 

c h u n k s drift t o di f ferent par t s o f the o c e a n . E v e n i f we a s sume this k ind o f 

f ission, I sha l l s h o w tha t i t is no t r e p r o d u c t i o n in an in te res t ing sense. 

N o w c o n s i d e r a s i m i l a r k ind o f p l a n t w h i c h differs in o n e c r u c i a l respect . I t 

s tops g r o w i n g w h e n i t a t t a ins a d i a m e t e r of 1 foot, a n d r e p r o d u c e s ins tead . 

I t m a n u f a c t u r e s s i n g l e - c e l l e d p r o p a g u l e s , e i ther s e x u a l l y o r a s e x u a l l y , a n d 

sheds t h e m in to the a i r w h e r e t h e y m a y be ca r r i ed a l o n g w a y on the w i n d . 

W h e n o n e o f these p r o p a g u l e s l ands on the w a t e r sur face i t b e c o m e s a n e w 
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tha l lus , w h i c h g r o w s un t i l i t i s 1 foot w i d e , t hen r e p r o d u c e s a g a i n . I sha l l c a l l 

the t w o species G (for g r o w t h ) a n d R (for r e p r o d u c t i o n ) r e s p e c t i v e l y . 

F o l l o w i n g the l o g i c o f J a n z e n ' s p a p e r , we s h o u l d see a c r u c i a l d i f fe rence 

b e t w e e n the t w o spec ies o n l y i f the ' r e p r o d u c t i o n ' o f the s e c o n d spec ie s , R , i s 

sexua l . I f i t i s a s e x u a l , the p r o p a g u l e s shed i n to the a i r b e i n g m i t o t i c 

p roduc t s g e n e t i c a l l y i d e n t i c a l to the cel ls o f the p a r e n t tha l lus , t he re is, for 

J a n z e n , n o i m p o r t a n t d i f ference b e t w e e n the t w o spec ies . T h e s e p a r a t e 

' i n d i v i d u a l s ' in R a r e no m o r e g e n e t i c a l l y d i s t inc t t h a n di f ferent r eg ions o f 

the tha l lus in G m i g h t b e . In e i ther spec ies , m u t a t i o n c a n in i t i a t e n e w c l o n e s 

o f cel ls . T h e r e i s n o p a r t i c u l a r reason w h y , i n R , m u t a t i o n s s h o u l d o c c u r 

d u r i n g p r o p a g u l e f o r m a t i o n a n y m o r e t h a n d u r i n g t ha l l u s g r o w t h . R i s 

s imp ly a m o r e f r a g m e n t e d ve r s ion of G, j u s t as a c l o n e of d a n d e l i o n s is l ike a 

f r agmen ted t ree. M y p u r p o s e i n m a k i n g the t h o u g h t e x p e r i m e n t , h o w e v e r , 

w a s t o d isc lose an i m p o r t a n t d i f ference b e t w e e n the t w o h y p o t h e t i c a l spec ies , 

r ep resen t ing the d i f ference b e t w e e n g r o w t h a n d r e p r o d u c t i o n , e v e n w h e n 

r e p r o d u c t i o n is a s e x u a l . 

G jus t g r o w s , w h i l e R g r o w s a n d r e p r o d u c e s in a l t e r n a t i o n . W h y i s the 

d i s t inc t ion i m p o r t a n t ? T h e a n s w e r c a n n o t b e a g e n e t i c o n e i n a n y s i m p l e 

sense b e c a u s e , a s we h a v e seen, m u t a t i o n s a re j u s t a s l i k e l y to in i t i a t e g e n e t i c 

c h a n g e d u r i n g g r o w t h - m i t o s i s as d u r i n g r e p r o d u c t i o n - m i t o s i s . I sugges t t ha t 

the i m p o r t a n t d i s t inc t ion b e t w e e n the t w o spec ies is t h a t a l i n e a g e of R is 

c a p a b l e o f e v o l v i n g c o m p l e x a d a p t a t i o n s in a w a y tha t G i s no t . T h e 

r ea son ing goes as fo l lows . 

C o n s i d e r a g a i n the pas t h i s tory of a g e n e , in this case a g e n e s i t t ing in a 

cel l o f R . I t has h a d a h i s to ry o f pass ing r e p e a t e d l y f rom o n e ' v e h i c l e ' t o 

a n o t h e r s imi la r v e h i c l e . E a c h of its success ive bod i e s b e g a n as a s i n g l e - c e l l e d 

p r o p a g u l e , then g r e w t h r o u g h a f ixed c y c l e , t hen passed the g e n e on in to a 

n e w s ing le -ce l l ed p r o p a g u l e a n d h e n c e a n e w m u l t i c e l l u l a r b o d y . Its h i s to ry 

has been a c y c l i c a l o n e , a n d n o w he re i s the po in t . S i n c e e a c h o f this l o n g 

series o f success ive bod i e s d e v e l o p e d a n e w f rom s i n g l e - c e l l e d b e g i n n i n g s , i t i s 

possible for success ive bod i e s to d e v e l o p s l igh t ly d i f fe ren t ly f rom the i r 

predecessors . E v o l u t i o n o f c o m p l e x b o d y s t ruc tu re w i t h o r g a n s , s a y a 

c o m p l e x a p p a r a t u s for c a t c h i n g insects l ike a V e n u s fly t r ap , i s o n l y poss ib le 

if there is a c y c l i c a l l y r e p e a t i n g d e v e l o p m e n t a l p rocess to e v o l v e . I sha l l 

re turn to this po in t in a m o m e n t . 

M e a n w h i l e , c o m p a r e G . A g e n e s i t t ing in a y o u n g ce l l a t the g r o w i n g 

m a r g i n of the h u g e tha l lus has a h i s tory w h i c h i s no t c y c l i c a l , o r i s c y c l i c a l 

o n l y a t the c e l l u l a r l e v e l . T h e ances to r o f the p resen t ce l l w a s a n o t h e r ce l l , 

a n d the c a r e e r o f the t w o cel ls w a s v e r y s imi la r . E a c h ce l l o f an R p l a n t , by 

cont ras t , has a def in i te p l a c e in the g r o w t h s e q u e n c e . I t i s e i t he r n e a r the 

cen t re o f the 1-foot tha l lus , o r n e a r the r im , o r a t s o m e p a r t i c u l a r p l a c e in 

b e t w e e n . I t c a n therefore d i f ferent ia te to f i l l its spec ia l ro le in its a p p o i n t e d 

p l a c e in an o r g a n of the p l a n t . A ce l l o f G has no such speci f ic d e v e l o p m e n t a l 
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i den t i t y . A l l cel ls f i r s t a p p e a r a t the g r o w i n g m a r g i n , a n d la te r f i n d 

t h e m s e l v e s e n c l o s e d by o the r , y o u n g e r ce l ls . T h e r e i s c y c l i c i t y o n l y a t the 

c e l l u l a r l e v e l , w h i c h m e a n s tha t i n G e v o l u t i o n a r y c h a n g e c a n t ake p l a c e 

o n l y a t the c e l l u l a r l e v e l . C e l l s m i g h t i m p r o v e on thei r p redecessors in the 

ce l l l i n e a g e , d e v e l o p i n g m o r e c o m p l e x in te rna l o r g a n e l l e s t ruc tu re , say . Bu t 

the e v o l u t i o n o f o r g a n s a n d a d a p t a t i o n s a t the m u l t i c e l l u l a r l eve l c o u l d not 

t ake p l a c e , b e c a u s e r e c u r r e n t , c y c l i c a l d e v e l o p m e n t o f w h o l e g r o u p s o f cells 

does no t o c c u r . I t is, of cou r se , t rue tha t in G the cel ls a n d thei r ances tors a re 

in p h y s i c a l c o n t a c t w i t h o t h e r ce l l s , a n d in this sense fo rm a m u l t i c e l l u l a r 

' s t ruc tu re ' . B u t as far as p u t t i n g t o g e t h e r c o m p l e x m u l t i c e l l u l a r o rgans i s 

c o n c e r n e d , t h e y m i g h t j u s t a s w e l l h a v e b e e n f r e e - s w i m m i n g p r o t o z o a . 

In o r d e r to p u t t o g e t h e r a c o m p l e x m u l t i c e l l u l a r o r g a n y o u need a 

c o m p l e x d e v e l o p m e n t a l s e q u e n c e . A c o m p l e x d e v e l o p m e n t a l s e q u e n c e has to 

h a v e e v o l v e d f rom a n ea r l i e r d e v e l o p m e n t a l s e q u e n c e w h i c h w a s s l igh t ly less 

c o m p l e x . T h e r e has t o b e a n e v o l u t i o n a r y p rogress ion o f d e v e l o p m e n t a l 

s e q u e n c e s , e a c h o n e in the series b e i n g a s l igh t i m p r o v e m e n t on its 

p r edeces so r . G does no t h a v e a r e c u r r i n g d e v e l o p m e n t a l s e q u e n c e o the r than 

the h i g h - f r e q u e n c y c y c l e o f d e v e l o p m e n t a t the s ing le -ce l l l e v e l . T h e r e f o r e i t 

c a n n o t e v o l v e m u l t i c e l l u l a r d i f fe ren t ia t ion a n d o r g a n - l e v e l c o m p l e x i t y . T o 

the e x t e n t t ha t i t c a n be sa id to h a v e a m u l t i c e l l u l a r d e v e l o p m e n t a l process 

a t a l l , t ha t d e v e l o p m e n t c o n t i n u e s n o n - c y c l i c a l l y t h r o u g h g e o l o g i c a l t i m e : 

the spec ies m a k e s no s e p a r a t i o n b e t w e e n the g r o w t h t ime-sca le a n d the 

w o u l d - b e e v o l u t i o n t i m e - s c a l e . T h e o n l y h i g h - f r e q u e n c y d e v e l o p m e n t a l 

c y c l e a v a i l a b l e to i t i s the ce l l c y c l e . R , on the o t h e r h a n d , has a 

m u l t i c e l l u l a r d e v e l o p m e n t a l c y c l e w h i c h i s fast c o m p a r e d w i t h e v o l u t i o n a r y 

t i m e . T h e r e f o r e , a s the a g e s s u c c e e d , l a te r d e v e l o p m e n t a l c y c l e s c a n be 

dif ferent f rom ea r l i e r d e v e l o p m e n t a l c y c l e s , a n d m u l t i c e l l u l a r c o m p l e x i t y 

c a n e v o l v e . We a r e m o v i n g t o w a r d s a def in i t ion o f the o r g a n i s m a s the uni t 

w h i c h is i n i t i a t e d by a n e w a c t of reproduction v i a a s i ng l e - ce l l ed 

d e v e l o p m e n t a l ' b o t t l e n e c k ' . 

T h e i m p o r t a n c e o f the d i f fe rence b e t w e e n g r o w t h a n d r e p r o d u c t i o n i s tha t 

e a c h a c t o f r e p r o d u c t i o n i n v o l v e s a n e w d e v e l o p m e n t a l c y c l e . G r o w t h s imp ly 

i n v o l v e s s w e l l i n g o f the e x i s t i n g b o d y . W h e n an a p h i d g ives rise to a n e w 

a p h i d by p a r t h e n o g e n e t i c r e p r o d u c t i o n the n e w a p h i d , i f i t i s a m u t a n t , m a y 

be r a d i c a l l y dif ferent f rom its p redecesso r . W h e n an a p h i d g r o w s to t w i c e its 

o r i g i n a l s ize , on the o t h e r h a n d , a l l its o r g a n s a n d c o m p l e x s t ruc tures s imp ly 

s w e l l . I t m i g h t b e sa id tha t s o m a t i c m u t a t i o n s c o u l d o c c u r w i t h i n ce l l 

l i neages o f the g r o w i n g g i a n t a p h i d . T r u e , bu t a m u t a t i o n w i t h i n a soma t i c 

ce l l l ine in a h e a r t , s ay , c a n n o t r a d i c a l l y r e - o r g a n i z e the s t ruc tu re of the 

h e a r t . To s w i t c h the e x a m p l e t o v e r t e b r a t e s , i f the present hea r t i s t w o -

c h a m b e r e d , w i t h o n e a u r i c l e f e e d i n g o n e v e n t r i c l e , n e w m u t a t i o n s i n the 

m i t o t i c cel ls a t the g r o w i n g m a r g i n o f the hea r t a r e v e r y u n l i k e l y t o a c h i e v e 

r a d i c a l r e s t r u c t u r i n g o f the h e a r t so tha t i t c o m e s to h a v e four c h a m b e r s w i th 
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a p u l m o n a r y c i r c u l a t i o n kep t s e p a r a t e f rom the rest . In o r d e r to p u t t o g e t h e r 

n e w c o m p l e x i t y , n e w d e v e l o p m e n t a l b e g i n n i n g s a re r e q u i r e d . A n e w e m b r y o 

must start f rom sc r a t ch , w i t h o u t a n y hea r t a t a l l . T h e n a m u t a t i o n c a n a c t on 

sensi t ive key po in t s in e a r l y d e v e l o p m e n t to b r i n g a b o u t a n e w f u n d a m e n t a l 

a r c h i t e c t u r e o f the hea r t . D e v e l o p m e n t a l r e c y c l i n g a l l o w s a r e t u r n ' b a c k to 

the d r a w i n g b o a r d ' (see b e l o w ) i n e v e r y g e n e r a t i o n . 

W e b e g a n this c h a p t e r b y w o n d e r i n g w h y r e p l i c a t o r s h a v e g a n g e d u p in to 

l a rge , m u l t i c e l l u l a r c lones c a l l e d o r g a n i s m s , a n d we i n i t i a l l y g a v e a r a t h e r 

unsa t i s fac tory a n s w e r . A m o r e sa t i s fy ing a n s w e r i s n o w s t a r t i n g to e m e r g e . 

A n o r g a n i s m i s the p h y s i c a l un i t a s soc ia t ed w i t h o n e s ing le life c y c l e . 

R e p l i c a t o r s tha t g a n g up in m u l t i c e l l u l a r o r g a n i s m s a c h i e v e a r e g u l a r l y 

r e c y c l i n g life h i s tory , a n d c o m p l e x a d a p t a t i o n s to a id the i r p r e s e r v a t i o n , a s 

they progress t h r o u g h e v o l u t i o n a r y t i m e . 

S o m e a n i m a l s h a v e a life c y c l e i n v o l v i n g m o r e t h a n o n e d i s t i nc t b o d y . A 

but ter f ly i s u t t e r ly different f rom the c a t e r p i l l a r w h i c h p r e c e d e d it. I t i s h a r d 

to i m a g i n e a bu t te r f ly g r o w i n g f rom a c a t e r p i l l a r by s l o w , w i t h i n - o r g a n 

c h a n g e : c a t e r p i l l a r o r g a n g r o w i n g in to c o r r e s p o n d i n g bu t t e r f l y o r g a n . 

Ins tead , w h a t h a p p e n s i s t ha t the c o m p l e x o r g a n s t ruc tu re o f the c a t e r p i l l a r 

i s l a rge ly b r o k e n d o w n a n d the tissues of the c a t e r p i l l a r a re used as fuel for 

the d e v e l o p m e n t o f a w h o l e n e w b o d y . T h e n e w bu t t e r f ly b o d y does no t 

q u i t e restar t f rom a s ing le ce l l , b u t the p r i n c i p l e is the s a m e . I t d e v e l o p s a 

r a d i c a l l y n e w b o d i l y s t ruc tu re from s i m p l e , r e l a t i v e l y und i f f e r en t i a t ed 

i m a g i n a l discs . T h e r e i s a pa r t i a l r e t u rn to the d r a w i n g b o a r d . 

R e t u r n i n g t o the g r o w t h / r e p r o d u c t i o n d i s t i nc t i on itself, J a n z e n w a s no t 

a c t u a l l y w r o n g . D i s t i nc t i ons c a n b e u n i m p o r t a n t for s o m e p u r p o s e s , w h i l e 

they r e m a i n i m p o r t a n t for o t h e r pu rposes . F o r d i scuss ing c e r t a i n k inds o f 

e c o l o g i c a l o r e c o n o m i c ques t ions , the re m a y b e n o i m p o r t a n t d i s t i n c t i o n 

b e t w e e n g r o w t h a n d a s e x u a l r e p r o d u c t i o n . A s i s te rhood o f a p h i d s m a y 

indeed be a n a l o g o u s to a s ingle b e a r . B u t for o t h e r p u r p o s e s , for d i scuss ing 

the e v o l u t i o n a r y p u t t i n g t o g e t h e r o f c o m p l e x o r g a n i z a t i o n , the d i s t i n c t i o n i s 

c ruc i a l . A c e r t a i n t y p e o f eco log i s t m a y g a i n i l l u m i n a t i o n f rom c o m p a r i n g a 

field full of d a n d e l i o n s w i t h a s ing le t ree . B u t for o t h e r pu rpose s i t is 

i m p o r t a n t to u n d e r s t a n d the di f ferences , a n d to see the s ing le d a n d e l i o n 

r a m e t as a n a l o g o u s to the t ree . 

Bu t J a n z e n ' s pos i t ion is, in a n y case , a m i n o r i t y o n e . A m o r e t y p i c a l 

b io logis t m i g h t th ink i t p e r v e r s e o f J a n z e n to r e g a r d a s e x u a l r e p r o d u c t i o n in 

aph ids a s g r o w t h , a n d e q u a l l y pe rve r se o f H a r p e r a n d m e t o r e g a r d 

v e g e t a t i v e p r o p a g a t i o n b y m u l t i c e l l u l a r runne r s , a s g r o w t h a n d no t 

r e p r o d u c t i o n . O u r dec i s ion i s based on the a s s u m p t i o n tha t the r u n n e r i s a 

m u l t i c e l l u l a r m e r i s t e m r a the r t h a n a s i ng l e - ce l l ed p r o p a g u l e , b u t w h y s h o u l d 

we r ega rd this a s an i m p o r t a n t p o i n t ? A g a i n , the a n s w e r m a y be seen in a 

t h o u g h t e x p e r i m e n t i n v o l v i n g t w o h y p o t h e t i c a l spec ies o f p l a n t s , i n this case 

s t r a w b e r r y - l i k e p lan t s c a l l e d M a n d S ( D a w k i n s in p ress ) . 
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B o t h the h y p o t h e t i c a l s t r a w b e r r y - l i k e species p r o p a g a t e v e g e t a t i v e l y , b y 

r u n n e r . In b o t h the re i s a p o p u l a t i o n of w h a t a p p e a r to be d is t inc t a n d 

r e c o g n i z a b l e ' p l a n t s ' c o n n e c t e d by a n e t w o r k o f runners . In b o t h species , 

e a c h ' p l a n t ' ( i .e . r a m e t ) c a n g i v e rise t o m o r e t h a n o n e d a u g h t e r p l an t , so 

t h a t w e h a v e the poss ib i l i ty o f e x p o n e n t i a l g r o w t h o f the ' p o p u l a t i o n ' (or 

g r o w t h o f the ' b o d y ' d e p e n d i n g o n y o u r p o i n t o f v i e w ) . E v e n t h o u g h there i s 

no sex, t he re c a n be e v o l u t i o n s ince m u t a t i o n s wi l l s o m e t i m e s o c c u r i n the 

m i t o t i c ce l l d iv i s ions ( W h i t h a m & S l o b o d c h i k o f f i n press) . N o w c o m e s the 

c r u c i a l d i f fe rence b e t w e e n the t w o spec ies . In spec ies M (for m a n y , or 

m u l t i c e l l u l a r , or m e r i s t e m ) , the r u n n e r is a b road - f ron t ed m u l t i c e l l u l a r 

m e r i s t e m . T h i s m e a n s tha t t w o cel ls i n a n y o n e ' p l a n t ' m a y b e the mi to t i c 

d e s c e n d a n t s o f t w o di f ferent ce l l s i n the p a r e n t p l a n t . I n t e rms o f mi to t i c 

d e s c e n t , a ce l l m a y the re fore be a c loser cous in of a ce l l in a n o t h e r ' p l a n t ' 

t h a n i t i s o f a n o t h e r ce l l i n its o w n p l a n t . I f m u t a t i o n has i n t r o d u c e d gene t i c 

h e t e r o g e n e i t y i n to the ce l l p o p u l a t i o n , this m e a n s tha t i n d i v i d u a l p lan ts m a y 

be g e n e t i c m o s a i c s , w i t h s o m e cel ls h a v i n g c loser g e n e t i c r e l a t ives i n o the r 

p l an t s t h a n in the i r o w n . We w i l l see the c o n s e q u e n c e s o f this for e v o l u t i o n in 

a m o m e n t . M e a n w h i l e we tu rn t o the o the r h y p o t h e t i c a l spec ies . 

S p e c i e s S (for s ing le ) i s e x a c t l y l ike M, e x c e p t tha t e a c h r u n n e r c u l m i n a t e s 

in a s ing le a p i c a l ce l l . T h i s ce l l ac t s as the ba sa l m i to t i c ances to r of a l l the 

cel ls o f the n e w d a u g h t e r p l a n t . T h i s m e a n s tha t a l l cel ls in a g i v e n p l a n t a re 

c loser cous ins to e a c h o t h e r t h a n t h e y a re to a n y cel ls i n o the r p lan t s . I f 

m u t a t i o n i n t r o d u c e s g e n e t i c h e t e r o g e n e i t y in to the p o p u l a t i o n o f cel ls , there 

w i l l be r e l a t i v e l y few m o s a i c p l an t s . R a t h e r , e a c h p l a n t w i l l t end to be a 

g e n e t i c a l l y u n i f o r m c l o n e , b u t i t m a y differ g e n e t i c a l l y f rom s o m e o the r 

p l an t s , w h i l e b e i n g g e n e t i c a l l y i d e n t i c a l t o y e t o t h e r p lan t s . T h e r e w i l l be a 

t rue p o p u l a t i o n o f plants, e a c h o n e o f w h i c h has a g e n o t y p e cha rac t e r i s t i c o f 

a l l its ce l l s . I t i s the re fore poss ib le to c o n c e i v e of s e l ec t ion , in the sense w h i c h 

I h a v e c a l l e d ' v e h i c l e s e l e c t i o n ' , a c t i n g a t the l eve l o f the w h o l e p l an t . S o m e 

w h o l e p l a n t s m a y b e be t t e r t h a n o thers , b e c a u s e o f the i r supe r io r g e n o t y p e s . 

I n spec ies M, e s p e c i a l l y i f the runner s a r e v e r y b road - f ron t ed mer i s tems , a 

gene t i c i s t w i l l n o t d i s ce rn a p o p u l a t i o n of p lan t s a t a l l . He w i l l see a 

p o p u l a t i o n o f ce l l s , e a c h w i t h its o w n g e n o t y p e . S o m e cel ls w i l l b e g e n e t i c a l l y 

i d e n t i c a l , o the r s w i l l h a v e different g e n o t y p e s . A form of n a t u r a l se lec t ion 

m i g h t g o o n a m o n g ce l l s , b u t i t i s h a r d t o i m a g i n e se lec t ion a m o n g 'p lan t s ' , 

b e c a u s e ' t he p l a n t ' i s no t a un i t t ha t c a n be ident i f ied as h a v i n g its o w n 

c h a r a c t e r i s t i c g e n o t y p e . R a t h e r , the w h o l e mass o f s t r a g g l i n g v e g e t a t i o n w i l l 

h a v e to be r e g a r d e d a s a p o p u l a t i o n o f ce l l s , w i t h cel ls o f a n y o n e g e n o t y p e 

b e i n g u n t i d i l y p e p p e r e d across the different ' p l a n t s ' . T h e un i t w h i c h I h a v e 

c a l l e d the ' g e n e v e h i c l e ' , a n d w h i c h J a n z e n has c a l l e d the ' e v o l u t i o n a r y 

i n d i v i d u a l ' , w i l l , in s u c h a case , be no l a r g e r t h a n the ce l l . I t i s cells tha t wi l l 

b e the g e n e t i c c o m p e t i t o r s . E v o l u t i o n m a y t ake the fo rm o f i m p r o v e m e n t s i n 

ce l l s t r uc tu r e a n d p h y s i o l o g y , b u t i t i s h a r d to see h o w i t c o u l d t ake the form 

o f i m p r o v e m e n t s i n i n d i v i d u a l p lan t s o r the i r o r g a n s . 
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I t m i g h t be t h o u g h t tha t i m p r o v e m e n t s i n o r g a n s t r uc tu r e c o u l d e v o l v e , i f 

i t r e g u l a r l y h a p p e n e d tha t p a r t i c u l a r s u b p o p u l a t i o n s o f ce l l s , i n d i sc re t e 

a reas of the p l an t , w e r e a c l o n e , d e s c e n d e d f rom a s ing le m i t o t i c ances to r . F o r 

ins tance , the r u n n e r g i v i n g rise to a n e w ' p l a n t ' m i g h t be a b r o a d - f r o n t e d 

mer i s t em, bu t i t m i g h t still be the case tha t e a c h l e a f s p r a n g f rom a s ing le ce l l 

a t its o w n base . A l e a f c o u l d therefore be a c l o n e of ce l l s m o r e c lo se ly r e l a t ed 

to e a c h o the r t han to cel ls a n y w h e r e else in the p l a n t . G i v e n the c o m m o n n e s s 

o f soma t i c m u t a t i o n in p lan t s ( W h i t h a m & S l o b o d c h i k o f f in p ress ) , m i g h t 

one not therefore i m a g i n e the e v o l u t i o n o f i m p r o v e d c o m p l e x a d a p t a t i o n a t 

the l eve l o f the leaf, i f no t a t the l e v e l o f the w h o l e p l a n t ? A gene t i c i s t c o u l d 

n o w d iscern a g e n e t i c a l l y h e t e r o g e n e o u s p o p u l a t i o n o f l e a v e s , e a c h o n e m a d e 

u p o f g e n e t i c a l l y h o m o g e n o u s ce l l s , s o m i g h t no t n a t u r a l s e l ec t i on g o o n 

b e t w e e n successful l eaves a n d unsuccessful l e a v e s ? I t w o u l d be t i dy i f the 

answer t o this ques t i on c o u l d be y e s ; t ha t is, i f we c o u l d assert t h a t v e h i c l e 

se lec t ion w i l l g o o n a t a n y l eve l i n the h i e r a r c h y o f m u l t i c e l l u l a r un i t s , 

p r o v i d e d tha t the cel ls w i t h i n a un i t t end to be g e n e t i c a l l y u n i f o r m 

c o m p a r e d w i t h cel ls i n o t h e r uni t s a t the s a m e l e v e l . U n f o r t u n a t e l y , 

h o w e v e r , s o m e t h i n g has b e e n left ou t o f the r e a s o n i n g . 

I t w i l l be r e m e m b e r e d tha t I classif ied r e p l i c a t o r s in to g e r m - l i n e 

rep l ica tors a n d d e a d - e n d r ep l i ca to r s . N a t u r a l s e l ec t ion resul ts i n s o m e 

rep l ica tors b e c o m i n g m o r e n u m e r o u s a t the e x p e n s e o f r i va l r e p l i c a t o r s , b u t 

this leads to e v o l u t i o n a r y c h a n g e o n l y i f the r ep l i ca to r s a re in g e r m - l i n e s . A 

m u l t i c e l l u l a r un i t qua l i f ies as a v e h i c l e , in an e v o l u t i o n a r i l y i n t e r e s t i ng sense, 

on ly i f a t least s o m e o f its cel ls c o n t a i n g e r m - l i n e r e p l i c a t o r s . L e a v e s 

n o r m a l l y d o no t s o q u a l i f y , for the i r n u c l e i c o n t a i n o n l y d e a d - e n d 

rep l ica to rs . L e a f cel ls syn thes i ze c h e m i c a l subs t ances w h i c h u l t i m a t e l y 

benefit o the r cel ls tha t d o c o n t a i n g e r m - l i n e c o p i e s o f the l e a f g e n e s , the 

genes w h i c h g a v e the l eaves thei r c h a r a c t e r i s t i c a l l y leafy p h e n o t y p e s . B u t w e 

c a n n o t a c c e p t the c o n c l u s i o n o f the p r e v i o u s p a r a g r a p h , t ha t i n t e r - l e a f 

v e h i c l e se lec t ion , a n d i n t e r - o r g a n se lec t ion g e n e r a l l y , c o u l d g o o n i f o n l y the 

cel ls w i t h i n an o r g a n w e r e c loser m i t o t i c cous ins t h a n ce l l s in dif ferent 

o rgans . I n t e r - l e a f se l ec t ion c o u l d h a v e e v o l u t i o n a r y c o n s e q u e n c e s o n l y i f 

l eaves d i r e c t l y s p a w n e d d a u g h t e r l e a v e s . L e a v e s a re o r g a n s , no t o r g a n i s m s . 

Fo r i n t e r -o rgan se lec t ion to o c c u r , i t i s necessa ry tha t the o r g a n s c o n c e r n e d 

should h a v e thei r o w n g e r m l ines a n d d o the i r o w n r e p r o d u c i n g , a n d this 

they n o r m a l l y do not . O r g a n s a re par t s o f o r g a n i s m s , a n d r e p r o d u c t i o n i s the 

p r e r o g a t i v e o f o r g a n i s m s . 

F o r c l a r i t y I h a v e b e e n a b i t e x t r e m e . T h e r e c o u l d be a r a n g e of 

i n t e rmed ia t e s b e t w e e n m y t w o s t r a w b e r r y - l i k e p l an t s . S p e c i e s M ' s r u n n e r 

w a s said to be a b road - f ron t ed m e r i s t e m , w h i l e spec ies S 's r u n n e r n a r r o w e d 

d o w n to a o n e - c e l l e d b o t t l e n e c k a t the base o f e a c h n e w p l a n t . B u t w h a t i f 

there w a s an i n t e r m e d i a t e spec ies w i t h a t w o - c e l l e d b o t t l e n e c k a t the base o f 

e a c h n e w p l a n t ? T h e r e a r e t w o m a i n poss ibi l i t ies he re . I f the p a t t e r n o f 

d e v e l o p m e n t i s such tha t i t i s u n p r e d i c t a b l e w h i c h ce l l s in the d a u g h t e r p l a n t 
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w i l l be d e s c e n d e d f rom w h i c h o f the t w o s tem cel l s , the p o i n t I h a v e m a d e 

a b o u t d e v e l o p m e n t a l b o t t l e n e c k s w i l l s i m p l y b e w e a k e n e d q u a n t i t a t i v e l y : 

g e n e t i c m o s a i c s m a y o c c u r i n the p o p u l a t i o n o f p lan t s , b u t there w i l l still b e 

a s ta t i s t ica l t e n d e n c y for cel ls to be g e n e t i c a l l y c loser to fe l low m e m b e r s of 

the s a m e p l a n t t h a n t o ce l l s i n o t h e r p l an t s . T h e r e f o r e we m a y still ta lk 

m e a n i n g f u l l y a b o u t v e h i c l e se l ec t ion b e t w e e n p lan t s in a p o p u l a t i o n o f 

p lan t s , b u t the i n t e r - p l a n t se l ec t ion pressure m a y h a v e to be s t rong to 

o u t w e i g h se l ec t ion a m o n g cel ls w i t h i n p l an t s . T h i s is, i n c i d e n t a l l y , a n a l o g o u s 

to o n e o f the c o n d i t i o n s for ' k i n - g r o u p s e l ec t i on ' ( H a m i l t o n 1 9 7 5 a ) t o w o r k . 

T o m a k e the a n a l o g y , w e h a v e o n l y t o see the p l a n t a s a ' g r o u p ' o f cel ls . 

T h e s e c o n d poss ib i l i ty a r i s i ng o u t o f the a s s u m p t i o n o f a t w o - c e l l e d 

b o t t l e n e c k a t the base o f e a c h p l a n t i s tha t the p a t t e r n o f d e v e l o p m e n t o f the 

spec ies m i g h t b e s u c h tha t c e r t a i n o r g a n s o f the p l a n t a re a l w a y s the mi to t i c 

d e s c e n d a n t s o f a d e s i g n a t e d o n e o f the t w o ce l l s . F o r i n s t ance , cel ls o f the 

roo t sys t em m i g h t d e v e l o p f rom a ce l l in the l o w e r pa r t o f the runne r , w h i l e 

the rest o f the p l a n t d e v e l o p e d f rom the o t h e r ce l l , i n the u p p e r pa r t o f the 

r u n n e r . If, fur ther , the l o w e r ce l l is a l w a y s d e s c e n d e d from a root ce l l in the 

p a r e n t p l a n t , w h i l e the u p p e r ce l l i s r e c ru i t ed f rom an a b o v e - g r o u n d cel l i n 

the p a r e n t p l a n t , w e w o u l d h a v e a n in t e re s t ing s i tua t ion . R o o t cel ls w o u l d b e 

c loser cous ins o f o t h e r roo t cel ls i n the p o p u l a t i o n a t l a r g e t h a n t hey w o u l d 

b e o f s ta lk a n d l e a f ce l l s i n the i r ' o w n ' p l a n t . M u t a t i o n w o u l d o p e n u p the 

poss ib i l i ty o f e v o l u t i o n a r y c h a n g e , b u t i t w o u l d b e sp l i t - l eve l e v o l u t i o n . 

G e n o t y p e s b e l o w g r o u n d c o u l d e v o l v e a w a y from g e n o t y p e s a b o v e g r o u n d , 

i r r e s p e c t i v e o f a p p a r e n t j o i n t m e m b e r s h i p i n d i sc re te ' p l a n t s ' . T h e o r e t i c a l l y 

w e c o u l d e v e n h a v e a k i n d o f w i t h i n - o r g a n i s m ' s p e c i a t i o n ' . 

T o r e c a p i t u l a t e , the s ign i f i cance o f the d i f ference b e t w e e n g r o w t h a n d 

r e p r o d u c t i o n is t h a t r e p r o d u c t i o n pe rmi t s a n e w b e g i n n i n g , a n e w 

d e v e l o p m e n t a l c y c l e a n d a n e w o r g a n i s m w h i c h m a y b e a n i m p r o v e m e n t , i n 

t e rms o f the f u n d a m e n t a l o r g a n i z a t i o n o f c o m p l e x s t ruc tu re , o v e r its 

p r edeces so r . O f cou r se i t m a y not b e a n i m p r o v e m e n t , i n w h i c h case its 

g e n e t i c basis w i l l b e e l i m i n a t e d b y n a t u r a l s e l ec t ion . B u t g r o w t h w i t h o u t 

r e p r o d u c t i o n does no t e v e n a l l o w the possibility o f r a d i c a l c h a n g e a t the o r g a n 

l e v e l , e i the r i n the d i r e c t i o n o f i m p r o v e m e n t o r the reverse . I t a l l o w s o n l y 

super f i c ia l t i n k e r i n g . Y o u m a y d i v e r t a d e v e l o p i n g B e n t l e y in to a fully g r o w n 

R o l l s R o y c e , s i m p l y b y t i n k e r i n g w i t h the a s s e m b l y process a t the la te po in t 

w h e r e the r a d i a t o r i s a d d e d . B u t i f y o u w a n t to c h a n g e a F o r d in to a R o l l s 

R o y c e y o u m u s t s tar t a t the d r a w i n g b o a r d , before the c a r starts ' g r o w i n g ' o n 

the a s s e m b l y l ine a t a l l . T h e po in t a b o u t r e c u r r e n t r e p r o d u c t i o n life c y c l e s , 

a n d h e n c e , by i m p l i c a t i o n , the p o i n t a b o u t o r g a n i s m s , i s tha t they a l l o w 

r e p e a t e d r e tu rns t o the d r a w i n g b o a r d d u r i n g e v o l u t i o n a r y t ime . 

W e m u s t b e w a r e h e r e o f the he resy o f ' b i o t i c ' a d a p t a t i o n i s m ( W i l l i a m s 

1 9 6 6 ) . W e h a v e seen t h a t r e c u r r e n t r e p r o d u c t i o n life c y c l e s , i .e. ' o r g a n i s m s ' , 

m a k e the e v o l u t i o n o f c o m p l e x o r g a n s poss ib le . I t i s a l l too easy to t reat this 
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as a sufficient a d a p t i v e e x p l a n a t i o n for the existence of o r g a n i s m a l life c y c l e s , 

on the g r o u n d s tha t c o m p l e x o r g a n s a re , in s o m e v a g u e sense, a g o o d i d e a . A 

re la ted po in t i s tha t r e p e a t e d r e p r o d u c t i o n i s poss ib le o n l y i f i n d i v i d u a l s d i e 

( M a y n a r d S m i t h 1969) , b u t w e s h o u l d no t therefore w i s h t o s a y tha t 

i nd iv idua l s d ie a s a n a d a p t a t i o n t o k e e p e v o l u t i o n g o i n g ! T h e s a m e c o u l d b e 

said of m u t a t i o n : its ex i s t ence is a neces sa ry p r e c o n d i t i o n for e v o l u t i o n to 

o c c u r , bu t i t i s neve r the le s s q u i t e l i ke ly tha t n a t u r a l s e l ec t ion has f a v o u r e d 

evo lu t i on in the d i r e c t i o n o f a z e r o m u t a t i o n r a t e — f o r t u n a t e l y n e v e r 

a t t a ined ( W i l l i a m s 1 9 6 6 ) . T h e g r o w t h / r e p r o d u c t i o n / d e a t h t y p e o f life 

c y c l e — t h e m u l t i c e l l u l a r c l o n a l ' o r g a n i s m ' t y p e o f life c y c l e — h a s h a d far-

r e a c h i n g c o n s e q u e n c e s a n d w a s p r o b a b l y essent ia l for the e v o l u t i o n o f 

a d a p t i v e c o m p l e x i t y , bu t this i s no t t a n t a m o u n t to an a d a p t i v e e x p l a n a t i o n 

for the ex i s t ence o f this t y p e o f life c y c l e . T h e D a r w i n i a n m u s t b e g i n b y 

seek ing i m m e d i a t e benef i ts to g e n e s p r o m o t i n g this k ind o f life c y c l e , a t the 

expense o f the i r a l l e les . H e m a y g o o n t o a c k n o w l e d g e the poss ib i l i ty o f o t h e r 

levels o f se lec t ion , d i f ferent ia l l i n e a g e e x t i n c t i o n , say . B u t he m u s t s h o w the 

s a m e c i r c u m s p e c t i o n in this diff icul t t h e o r e t i c a l f ie ld as F i she r ( 1 9 3 0 a ) , 

W i l l i a m s ( 1 9 7 5 ) a n d M a y n a r d S m i t h ( 1 9 7 8 a ) b r o u g h t t o the a n a l o g o u s 

sugges t ions a b o u t s e x u a l r e p r o d u c t i o n b e i n g the re b e c a u s e i t speeds u p 

e v o l u t i o n . 

T h e o r g a n i s m has the f o l l o w i n g a t t r ibu te s . I t i s e i t he r a s ing le c e l l , o r i f i t 

i s m u l t i c e l l u l a r its ce l l s a re c lose g e n e t i c k in o f e a c h o t h e r : t h e y a r e 

d e s c e n d e d from a s ingle s t em ce l l , w h i c h m e a n s tha t t hey h a v e a m o r e r e c e n t 

c o m m o n ances to r w i t h e a c h o t h e r t h a n w i t h the cel ls o f a n y o t h e r o r g a n i s m . 

T h e o r g a n i s m is a un i t w i t h a life c y c l e w h i c h , h o w e v e r c o m p l i c a t e d i t m a y 

be , r epea t s the essent ia l cha rac t e r i s t i c s o f p r e v i o u s life c y c l e s , a n d m a y be an 

i m p r o v e m e n t o n p r e v i o u s life c y c l e s . T h e o r g a n i s m e i t he r consis ts o f g e r m -

line cel ls , or i t c o n t a i n s g e r m - l i n e cel ls as a subset of its o w n ce l l s , o r , as in the 

case of a steri le soc ia l insect w o r k e r , i t is in a pos i t ion to w o r k for the w e l f a r e 

o f g e r m - l i n e cel ls in c lose ly r e l a t ed o r g a n i s m s . 

I h a v e no t asp i red in this f inal c h a p t e r to g i v e a c o m p l e t e l y sa t i s fy ing 

a n s w e r to the ques t i on o f w h y the re a re l a r g e m u l t i c e l l u l a r o r g a n i s m s . I w i l l 

be con t en t i f I c a n a rouse n e w cur ios i ty a b o u t the q u e s t i o n . In s t ead o f 

a c c e p t i n g tha t o r g a n i s m s exis t a n d a s k i n g h o w a d a p t a t i o n s benef i t the 

o rgan i sms d i s p l a y i n g t h e m , I h a v e tried to s h o w tha t the v e r y e x i s t e n c e o f 

o rgan i sms shou ld be t r ea ted as a p h e n o m e n o n d e s e r v i n g of e x p l a n a t i o n in its 

o w n r igh t . R e p l i c a t o r s exis t . T h a t i s f u n d a m e n t a l . P h e n o t y p i c man i f e s t a t i ons 

o f t hem, i n c l u d i n g e x t e n d e d p h e n o t y p i c man i f e s t a t i ons , m a y b e e x p e c t e d t o 

funct ion a s tools t o k e e p r ep l i ca to r s ex i s t i ng . O r g a n i s m s a r e h u g e a n d 

c o m p l e x a s s e m b l a g e s o f s u c h tools , a s s e m b l a g e s s h a r e d b y g a n g s o f 

rep l ica tors w h o i n p r i n c i p l e need not h a v e g o n e a r o u n d t o g e t h e r b u t i n fact 

do go a r o u n d t o g e t h e r a n d share a c o m m o n interes t in the s u r v i v a l a n d 

r e p r o d u c t i o n o f the o r g a n i s m . A s w e l l a s d r a w i n g a t t e n t i o n t o the 
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p h e n o m e n o n of the o r g a n i s m as o n e tha t needs e x p l a n a t i o n , I h a v e tried in 

this last c h a p t e r to ske t ch the g e n e r a l d i r e c t i o n in w h i c h we m i g h t p r o c e e d in 

s e e k i n g an e x p l a n a t i o n . I t is o n l y a p r e l i m i n a r y ske tch , bu t , for w h a t i t i s 

w o r t h , I s u m m a r i z e i t h e r e . 

T h e r e p l i c a t o r s t ha t exis t t end to be the ones tha t a re g o o d a t 

m a n i p u l a t i n g the w o r l d t o the i r o w n a d v a n t a g e . I n d o i n g this t hey exp lo i t 

the o p p o r t u n i t i e s offered b y thei r e n v i r o n m e n t s , a n d a n i m p o r t a n t aspec t o f 

the e n v i r o n m e n t o f a r e p l i c a t o r i s o the r r ep l i ca to r s a n d thei r p h e n o t y p i c 

man i f e s t a t i ons . T h o s e r e p l i c a t o r s a re successful w h o s e benef ic ia l p h e n o t y p i c 

effects a re c o n d i t i o n a l u p o n the p r e sence o f o t h e r r ep l i ca to r s w h i c h h a p p e n 

t o b e c o m m o n . T h e s e o t h e r r ep l i ca to r s a re a lso successful , o t h e r w i s e they 

w o u l d no t b e c o m m o n . T h e w o r l d therefore tends t o b e c o m e p o p u l a t e d b y 

m u t u a l l y c o m p a t i b l e sets o f successful r ep l i ca to r s , r ep l i ca to r s tha t ge t on w e l l 

t o g e t h e r . In p r i n c i p l e this a p p l i e s to r ep l i ca to r s in different g e n e pools , 

different spec ies , c lasses , p h y l a a n d k i n g d o m s . B u t a r e l a t i onsh ip o f spec i a l l y 

i n t i m a t e m u t u a l c o m p a t i b i l i t y has g r o w n u p b e t w e e n subsets o f rep l i ca to rs 

t ha t sha re ce l l n u c l e i a n d , w h e r e the ex i s t ence o f s e x u a l r e p r o d u c t i o n m a k e s 

the exp re s s ion m e a n i n g f u l , sha re g e n e - p o o l s . 

T h e ce l l n u c l e u s as a p o p u l a t i o n of uneas i l y c o h a b i t i n g rep l i ca to r s i s a 

r e m a r k a b l e p h e n o m e n o n in itself. J u s t as r e m a r k a b l e , a n d q u i t e d is t inct , i s 

the p h e n o m e n o n o f m u l t i c e l l u l a r c l o n i n g , the p h e n o m e n o n o f the m u l t i c e l 

l u l a r o r g a n i s m . R e p l i c a t o r s w h o s e effects i n t e r a c t w i t h those o f o the r 

r e p l i c a t o r s t o p r o d u c e m u l t i c e l l u l a r o r g a n i s m s a c h i e v e for themse lves 

v e h i c l e s w i t h c o m p l e x o r g a n s a n d b e h a v i o u r pa t t e rns . C o m p l e x o r g a n s a n d 

b e h a v i o u r p a t t e r n s a r e f a v o u r e d i n a r m s r aces . T h e e v o l u t i o n o f c o m p l e x 

o r g a n s a n d b e h a v i o u r pa t t e rn s i s poss ib le b e c a u s e the o r g a n i s m i s an en t i ty 

w i t h a r e c u r r e n t life c y c l e , e a c h c y c l e b e g i n n i n g w i t h a s ing le ce l l . T h e fact 

t ha t e a c h c y c l e restar ts in e v e r y g e n e r a t i o n f rom a s ingle ce l l pe rmi t s 

m u t a t i o n s t o a c h i e v e r a d i c a l e v o l u t i o n a r y c h a n g e s b y g o i n g ' b a c k t o the 

d r a w i n g b o a r d ' o f e m b r y o l o g i c a l e n g i n e e r i n g . I t a lso , b y c o n c e n t r a t i n g the 

efforts o f a l l ce l l s in the o r g a n i s m on the we l f a r e o f a n a r r o w , sha red g e r m -

l ine , p a r t l y r e m o v e s the ' t e m p t a t i o n ' for o u t l a w s to w o r k for the i r o w n 

p r i v a t e g o o d a t the e x p e n s e o f the o t h e r r ep l i ca to r s w i t h a s take in the s a m e 

g e r m - l i n e . T h e i n t e g r a t e d m u l t i c e l l u l a r o r g a n i s m i s a p h e n o m e n o n w h i c h 

has e m e r g e d as a resul t o f n a t u r a l se lec t ion on p r i m i t i v e l y i n d e p e n d e n t 

selfish r e p l i c a t o r s . I t has p a i d r ep l i ca to r s t o b e h a v e g r e g a r i o u s l y . T h e 

p h e n o t y p i c p o w e r b y w h i c h t hey ensure the i r s u r v i v a l i s i n p r i nc ip l e 

e x t e n d e d a n d u n b o u n d e d . In p r a c t i c e the o r g a n i s m has ar isen as a pa r t i a l l y 

b o u n d e d l o c a l c o n c e n t r a t i o n , a sha red k n o t o f r e p l i c a t o r p o w e r . 
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T h i s b o o k i s p r i m a r i l y i n t e n d e d for b io log i s t s w h o w i l l h a v e n o n e e d 

o f a g lossary , b u t i t has b e e n sugges t ed to me tha t i t w o u l d be w o r t h 

e x p l a i n i n g a few t e c h n i c a l t e rms to m a k e the b o o k m o r e w i d e l y a c c e s s i b l e . 

M a n y o f the te rms a re w e l l def ined i n o t h e r p l a c e s ( e .g . W i l s o n 1 9 7 5 ; 

B o d m e r & C a v a l l i - S f o r z a 1 9 7 6 ) . M y def in i t ions a r e c e r t a i n l y n o i m p r o v e 

m e n t on those a l r e a d y a v a i l a b l e , bu t I h a v e a d d e d p e r s o n a l as ides on 

con t rove r s i a l w o r d s , o r on m a t t e r s o f p a r t i c u l a r r e l e v a n c e t o the thesis o f this 

b o o k . I h a v e tr ied to a v o i d c l u t t e r i n g up the g lossa ry w i t h e x c e s s i v e n u m b e r s 

o f exp l i c i t c ross- references , b u t m a n y o f the w o r d s used i n the de f in i t ions w i l l 

be found to h a v e thei r o w n def in i t ions e l s e w h e r e in the g l o s s a r y . 

adaptation A technical term which has evolved somewhat away from its common 

usage as a near synonym of 'modification'. From sentences like 'cricket wings are 

adapted (modified from their primary function of flying) for singing' (and by 

implication are well designed for singing), 'an adaptat ion ' has come to mean 

approximately an attribute of an organism that is 'good ' for something. Good in 

what sense?, and good for what or for whom?, are difficult questions which are 

discussed at length in this book. 

alleles (short for allelomorphs) Each gene is able to occupy only a particular 

region of chromosome, its locus. At any given locus there may exist, in the 

population, alternative forms of the gene. These alternatives are called alleles of 

one another. This book emphasizes that there is a sense in which alleles are 

competitors of each other, because over evolutionary time successful alleles achieve 

numerical superiority over others at the same locus, in all the chromosomes of the 

population. 

allometry A disproportionate relationship between size of a body part and size of 

the whole body, the comparisons being made either across individuals or across 

different life stages in the same individual. For example, large ants (but small 

humans) tend to have relatively very large heads; the head grows at a different rate 

from the body as a whole. Mathematical ly , the size of the part is usually taken as 

being related to the size of the whole raised to a power, which may be fractional. 
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allopatric theory of speciation T h e widely supported view that the evolutionary 

divergence of populations into separate species (which no longer interbreed) takes 

place in geographical ly separate places. T h e alternative, sympatric theory gives rise to 

difficulties in understanding how the incipient species can separate if they are 

continuously in a position to interbreed with each other, and therefore to mix their 

gene-pools (q.v.) . 

altruism Biologists use the word in a restricted (some would say misleadingly so) 

sense, only superficially related to common usage. An entity, such as a baboon or a 

gene, is said to be altruistic if it has the effect (not purpose) of promoting the 

welfare of another entity, at the expense of its own welfare. Various shades of 

meaning of 'altruism' result from various interpretations of 'welfare' (see page 

57). Selfish is used in exactly the opposite sense. 

anaphase T h a t phase of the cycle of cell division during which the paired 

chromosomes move apart. In meiosis (q.v.) there are two successive divisions and 

correspondingly two anaphases. 

anisogamy A sexual system in which fusion takes place at fertilization between a 

large (female) and a small (male) gamete. Contrast with isogamy in which there is 

sexual fusion but no male/female separation: all gametes are of roughly the same 

size. 

antibodies Protein molecules, produced in the immune response of animals, which 

neutralize invading foreign bodies (antigens). 

antigens Foreign bodies, usually protein molecules, which provoke the formation 

of antibodies. 

aposematism T h e phenomenon whereby distasteful or dangerous organisms like 

wasps 'warn ' enemies by bright colours or equivalent strong stimuli. These are 

presumed to work by making it easy for the enemies to learn to avoid them, but 

there are (not insuperable) theoretical difficulties over how the phenomenon might 

evolve in the first place. 

assortative mating T h e tendency of individuals to choose mates that resemble 

(positive assortative mating or homogamy) or specifically do not resemble 

(negative assortative mating) themselves. Some people use the word only in the 

positive sense. 

autosome A chromosome that is not one of the sex chromosomes. 

Baldwin/Waddington Effect First proposed by Spalding in 1873. A largely 

hypothetical evolutionary process (also called genetic assimilation) whereby natural 

selection can create an illusion of the inheritance of acquired characteristics. 

Selection in favour of a genetic tendency to acquire a characteristic in response to 

environmental stimuli leads to the evolution of increased sensitivity to the same 

environmental stimuli, and eventual emancipation from the need for them. On 

page 44 I suggest that we might breed a race of spontaneously milk-producing male 

mammals by treating successive generations of males with female hormones and 

selecting for increased sensitivity to female hormones. T h e role of the hormones, or 

other environmental treatment, is to bring out into the open genetic variation 

which would otherwise lie dormant. 
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central dogma In molecular biology the dogma that nucleic acids act as templates 

for the synthesis of proteins, but never the reverse. More generally, the dogma that 

genes exert an influence over the form of a body, but the form of a body is never 

translated back into genetic code : acquired characteristics are not inherited. 

chromosome O n e of the chains of genes found in cells. In addition to D N A itself, 

there is usually a complicated supporting structure of protein. Chromosomes 

become visible under the light microscope only at certain times in the cell cycle, 

but their number and linearity may be inferred by statistical reasoning from the 

facts of inheritance alone (see l inkage). T h e chromosomes are usually present in all 

cells in the body, even though only a minority of them will be active in any one 

cell. There are usually two sex chromosomes in every diploid cell as well as a 

number of autosomes (44 in humans). 

cistron O n e way of defining a gene. In molecular genetics the cistron has a precise 

definition in terms of a specific experimental test. More loosely it is used to refer to 

a length of chromosome responsible for the encoding of one chain of amino acids in 

a protein. 

codon A triplet of units (nucleotides) in the genetic code, specifying the synthesis of 

a single unit (amino acid) in a protein chain. 

clone In cell biology, a set of genetically identical cells, all derived from the same 

ancestral cell. A human body is a gigantic clone of some 10 1 5 cells. T h e word is also 

used of a set of organisms all of whose cells are members of the same clone. Thus a 

pair of identical twins may be said to be members of the same clone. 

Cope's Rule An empirical generalization that evolutionary trends towards larger 

body size are common. 

crossing-over A complicated process whereby chromosomes, while engaged in 

meiosis, exchange portions of genetic material. T h e result is the permutation of an 

almost infinite variety of gametes. 

D 'Arcy Thompson's transformations A graphical technique demonstrating 

that an animal shape can be transformed into the shape of a related animal by a 

mathematically specifiable distortion. D ' A r c y Thompson would draw one of the 

two shapes on ordinary graph paper, then show that it was transformed 

approximately into the other shape if the coordinate system were distorted in some 

particular way. 

diploid A cell is said to be diploid if it has chromosomes in pairs, in sexual cases 

one from each parent. An organism is said to be diploid if its body cells are diploid. 

Most sexually reproducing organisms are diploid. 

dominance A gene is said to be dominant to one of its alleles if it suppresses the 

phenotypic effect of that (recessive) allele when the two are together. For example, 

if brown eyes are dominant to blue, only individuals with two blue-eyed genes 

(homozygous recessive) would actually have blue eyes; those with one blue and 

one brown gene (heterozygotes) would be indistinguishable from those with two 

brown genes (homozygous dominant) . Dominance may be incomplete, in which 

case heterozygotes have an intermediate phenotype. T h e opposite of dominant is 

recessive. Dominance/recessiveness is a property of a phenotypic effect, not of a 
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gene as such: thus a gene may be dominant in one of its phenotypic effects and 

recessive in another (see pleiotropy). 

epigenesis A word with a long history of controversy in embryology. As opposed to 

preformationism (q.v.) it is the doctrine that bodily complexity emerges by a 

developmental process of gene/environment interaction from a relatively simple 

zygote, rather than being totally mapped out in the egg. In this book it is used for 

the idea, which I favour, that the genetic code is more like a recipe than a 

blueprint. It is sometimes said that the epigenesis/preformationism distinction has 

been made irrelevant by modern molecular biology. I disagree, and have made 

much of the distinction in Chapter 9, where I claim that epigenesis, but not 

preformationism, implies that embryonic development is fundamentally, and in 

principle, irreversible (see central dogma) . 

epistasis A class of interactions between pairs of genes in their phenotypic effects. 

Technica l ly the interactions are non-additive which means, roughly, that the 

combined effect of the two genes is not the same as the sum of their separate effects. 

For instance, one gene might mask the effects of the other. T h e word is mostly used 

of genes at different loci, but some authors use it to include interactions between 

genes at the same locus, in which case dominance/recessiveness is a special case. See 

also dominance. 

eukaryotes O n e of the two major groups of organisms on Earth, including all 

animals, plants, protozoa and fungi. Character ized by the possession of a cell 

nucleus, and other membrane-bounded cell organelles (analogue of 'organ' within 

the cell) such as mitochondria. Contrast with prokaryotes (q.v.) . T h e pro-

karyote/eukaryote distinction is much more fundamental than the animal/plant 

distinction (not to mention the relatively negligible human/ 'animal ' distinction!). 

eusociality T h e most advanced of the grades of sociality recognized by 

entomologists. Character ized by a complex of features, the most important of 

which is the presence of a caste of sterile 'workers ' who assist the reproduction of 

their long-lived mother, the queen. It is usually considered to be confined to wasps, 

bees, ants and termites, but various other kind of animals approach eusociality in 

interesting ways. 

evolutionarily stable strategy (ESS) [Note 'evolutionarily' not 'evolutionary'. 

T h e latter is a common grammatical error in this context.] A strategy that does 

well in a population dominated by the same strategy. This definition captures the 

intuitive essence of the idea (see Chapter 7), but is somewhat imprecise; for a 

mathematical definition, see Mayna rd Smith, 1974. 

extended phenotype A l l effects of a gene upon the world. As always, 'effect' of a 

gene is understood as meaning in comparison with its alleles. T h e conventional 

phenotype is the special case in which the effects are regarded as being confined to 

the individual body in which the gene sits. In practice it is convenient to limit 

'extended phenotype ' to cases where the effects influence the survival chances of 

the gene, positively or negatively. 

fitness A technical term with so many confusing meanings that I have devoted a 

whole chapter to discussing them (Chapter 10). 
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game theory A mathematical theory originally developed for human games, and 

generalized to human economics and military strategy, and to evolution in the 

theory of evolutionarily stable strategy (q.v.) . G a m e theory comes into its own 

wherever the optimum policy is not fixed, but depends upon the policy which is 

statistically most likely to be adopted by opponents. 

gamete O n e of the sex cells which fuse in sexual reproduction. Sperms and eggs 

are both gametes. 

gemmule A discredited concept espoused by Darwin in his 'pangenesis ' theory of 

the inheritance of acquired characteristics—probably the only serious scientific 

error he ever made, and an example of the 'pluralism' for which he has recently been 

praised. Gemmules were supposed to be small hereditary particles which carried 

information from all parts of the body into the germ cells. 

gene A unit of heredity. M a y be defined in different ways for different purposes 

(see page 85). Molecular biologists usually employ it in the sense of cistron (q.v.) . 

Population biologists sometimes use it in a more abstract sense. Fol lowing Wil l iams 

(1966, p. 24), I sometimes use the term gene to mean 'that which segregates and 

recombines with appreciable frequency' , and (p. 25) as 'any hereditary 

information for which there is a favorable or unfavorable selection bias equal to 

several or many times its rate of endogenous change ' . 

gene-pool T h e whole set of genes in a breeding population. T h e metaphor on 

which the term is based is a happy one for this book, for it de-emphasizes the 

undeniable fact that genes actually go about in discrete bodies, and emphasizes the 

idea of genes flowing about the world like a liquid. 

genetic drift Changes in gene frequencies over generations, resulting from chance 

rather than selection. 

genome T h e entire collection of genes possessed by one organism. 

genotype T h e genetic constitution of an organism at a particular locus or set of 

loci. Sometimes used more loosely as the whole genetic counterpart to phenotype 

(q.v.). 

gens (pl. gentes) ' R a c e ' of female cuckoos all parasitizing one host species. There 

must be genetic differences between gentes, and these are presumed to be on the 

Y chromosome. Males have no Y chromosomes, and do not belong to gentes. T h e 

word is poorly chosen, since in the Latin it refers to a clan tracing descent through 

the male line. 

germ-line Tha t part of bodies which is potentially immortal in the form of 

reproductive copies: the genetic contents of gametes and of cells that give rise to 

gametes. Contrast with soma, the parts which are mortal and which work for the 

preservation of genes in the germ-line. 

gradualism T h e doctrine that evolutionary change is gradual and does not go in 

jumps. In modern palaeontology it is the subject of an interesting controversy over 

whether the gaps in the fossil record are artefactual or real (see Chapter 6). 

Journalists have blown this up into a pseudo-controversy over the validity of 

Darwinism, which they say is a gradualist theory. It is true that all sane 

Darwinians are gradualists in the extreme sense that they do not believe in the de 
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novo creation of very complex and therefore statistically improbable new 

adaptations like eyes. This is surely what Darwin understood by the aphorism 

'Nature does not make leaps'. But within the spectrum of gradualism in this sense, 

there is room for disagreement about whether evolutionary change occurs smoothly 

or in small jerks punctuating long periods of stasis. It is this that is the subject of the 

modern controversy, and it does not remotely bear, one way or the other, on the 

validity of Darwinism. 

group selection A hypothetical process of natural selection among groups of 

organisms. Often invoked to explain the evolution of altruism (q.v.) . Sometimes 

confused with kin selection (q.v.) . In Chapter 6 I use the replicator/vehicle 

distinction to distinguish group selection of altruistic traits from species selection 

(q.v.) resulting in macroevolutionary trends. 

haplodiploid A genetic system in which males grow from unfertilized eggs and are 

haploid, while females grow from fertilized eggs and are diploid. Therefore males 

have no father and no sons. Males pass all their genes on to their daughters, while 

females receive only half their genes from their fathers. Haplodiploidy occurs in 

nearly all social and non-social Hymenoptera (ants, bees, wasps, etc.), and also a 

few bugs, beetles, mites, ticks and rotifers. T h e complications which haplodiploidy 

introduces into closeness of genetic kinship have been ingeniously invoked in 

theories of the evolution of eusociality (q.v.) in Hymenoptera . 

haploid A cell is said to be haploid if it has a single set of chromosomes. Gametes 

are haploid, and when they fuse in fertilization a diploid cell (q.v.) is produced. 

Some organisms (e.g. fungi and male bees) are haploid in all their cells, and are 

referred to as haploid organisms. 

heterozygous T h e condition of having nonidentical alleles at a chromosomal 

locus. Is usually applied to an individual organism, in which case it refers to two 

alleles at a given locus. More loosely it may refer to the overall statistical within-

locus heterogeneity of alleles averaged over all loci in an individual or in a 

population. 

homeotic mutation A mutation causing one part of a body to develop in a 

manner appropriate to another part. For example, the homeotic mutation 

'antennopedia ' in Drosophila causes a leg to grow where an antenna normally does. 

This is interesting, as it shows the power of a single mutation to have elaborate and 

complex effects, but only when there is elaborate complexity already there to be 

altered. 

homozygous T h e condition of having identical alleles at a chromosomal locus. Is 

usually applied to an individual organism, in which case it indicates that the 

individual has two identical alleles at the locus. More loosely it may refer to the 

overall statistical within-locus homogeneity of alleles averaged over all loci in an 

individual or in a population. 

K-selection Selection for the qualities needed to succeed in stable, predictable 

environments where there is likely to be heavy competition for limited resources 

between individuals well-equipped to compete, at population sizes close to the 



Glossary 289 

maximum that the habitat can bear. A variety of qualities are thought to be 

favoured by K-selection, including large size, long life, and small numbers of 

intensively cared-for offspring. Contrast with r-selection (q.v.) . T h e 'K' and V are 

symbols in the conventional algebra of population biologists. 

kin selection Selection of genes causing individuals to favour close kin, owing to 

the high probability that kin share those genes. Strictly speaking 'kin ' includes 

immediate offspring, but it is unfortunately undeniable that many biologists use the 

phrase 'kin selection' specifically when talking about kin other than offspring. K i n 

selection is also sometimes confused with group selection (q.v.) , from which it is 

logically distinct, although where species happen to go around in discrete kin 

groups the two may incidentally amount to the same thing—'kin group selection'. 

Lamarckism Regardless of what Lamarck actually said, Lamarckism is nowadays 

the name given to the theory of evolution that relies on the assumption that 

acquired characteristics can be inherited. From the point of view of this book, the 

significant feature of the Lamarckian theory is the idea that new genetic variation 

tends to be adaptively directed, rather than ' random' (i.e. non-directed) as in the 

Darwinian theory. T h e orthodox view today is that the Lamarck ian theory is 

completely wrong. 

linkage T h e presence on the same chromosome of a pair (or a set) of loci. Linkage 

is normally recognized by the statistical tendency for alleles at linked loci to be 

inherited together. For example, if hair colour and eye colour are linked, a child 

that inherits your eye colour is likely to inherit your hair colour too, while a child 

that fails to inherit your eye colour is also likely to fail to inherit your hair colour. 

Children are relatively unlikely to inherit one but not the other, though this can 

come about due to crossing-over (q.v.) , the probabili ty being related to the 

distance apart of the loci on the chromosome. This is the basis for the technique of 

chromosome mapping. 

linkage disequilibrium T h e statistical tendency for alleles to occur together, in 

the bodies or gametes of a population, with particular alleles at other loci. For 

example, if we observed a tendency for fair-haired individuals to be blue-eyed, this 

might indicate linkage disequilibrium. Recognized as any tendency for the 

frequency of combinations of alleles at different loci to depart from the frequencies 

that would be expected from the overall frequencies of the alleles themselves in the 

population. 

locus T h e position on a chromosome occupied by a gene (or a set of alternative 

alleles). For instance, there might be an eye-colour locus, at which the alternative 

alleles code for green, brown and red. Usually applied at the level of the cistron 

(q.v.), the concept of the locus can be generalized to smaller or larger lengths of 

chromosome. 

macroevolution T h e study of evolutionary changes that take place over a very 

large time-scale. Contrast with microevolution, the study of evolutionary changes 

within populations. Microevolutionary change is change in gene frequencies in 

populations. Macroevolut ionary change is usually recognized as change in gross 

morphology in a series of fossils. There is some controversy over whether 
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macroevolutionary change is fundamentally just cumulated microevolutionary 

change, or whether the two are 'decoupled' and driven by fundamentally different 

kinds of process. T h e name macroevolutionist is sometimes misleadingly restricted 

to partisans on one side of this controversy. It should be a neutral label for anybody 

studying evolution on the grand time-scale. 

meiosis T h e kind of cell division in which a cell (usually diploid) gives rise to 

daughter cells (usually haploid) with half as many chromosomes. Meiosis is an 

essential part of normal sexual reproduction. It gives rise to the gametes which 

subsequently fuse to restore the original chromosome number. 

meiotic drive T h e phenomenon whereby alleles affect meiosis so that they secure 

for themselves a greater than 50 per cent chance of finding themselves in a 

successful gamete. Such genes are said to be 'driving' because they tend to spread 

through the population in spite of any deleterious effects they may have on 

organisms. See also segregation distorter. 

meme A unit of cultural inheritance, hypothesized as analogous to the particulate 

gene, and as naturally selected by virtue of its 'phenotypic ' consequences on its 

own survival and replication in the cultural environment. 

Mendelian inheritance Non-blending inheritance by means of pairs of discrete 

hereditary factors (now identified with genes), one member of each pair coming 

from each parent. T h e main theoretical alternative is 'blending inheritance'. In 

Mendel ian inheritance genes may blend in their effects on a body, but they 

themselves do not blend, and they are passed on intact to future generations. 

microevolution See macroevolution. 

mitochondria Smal l complex organelles within eukaryotic cells, made of 

membranes, the site of most of the energy-releasing biochemistry of the cells. 

Mitochondria have their own D N A and reproduce autonomously within cells, and, 

according to one theory, they originated in evolution as symbiotic prokaryotes 

(q.v.) . 

mitosis T h e kind of cell division in which a cell gives rise to daughter cells having 

a complete set of all its chromosomes. Mitosis is the ordinary cell division of bodily 

growth. Contrast with meiosis. 

modifier gene A gene whose phenotypic effect is to modify the effect of another 

gene. Geneticists no longer make a distinction between two types of genes, 'major 

genes' and 'modifiers', but recognize that many (and perhaps most) genes modify 

the effects of many (and perhaps most) other genes. 

monophyletic A group of organisms is said to be monophyletic if all are descended 

from a common ancestor which would also have been classified as a member of the 

group. For instance, the birds are probably a monophyletic group since the most 

recent common ancestor of all birds would probably have been classified as a bird. 

T h e reptiles, however , are probably polypkyletic, in that the most recent common 

ancestor of all reptiles would probably not have been classified as a reptile. Some 

would argue that polyphyletic groups do not deserve names, and that the Class 

Repti l ia should not be acknowledged. 

mutation An inherited change in the genetic material. In Darwinian theory 

mutations are said to be random. This does not mean that they are not lawfully 
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caused, but only that there is no specific tendency for them to be directed towards 

improved adaptation. Improved adaptation comes about only through selection, 

but it needs mutation as the ultimate source of the variants among which it selects. 

muton T h e minimum unit of mutational change. O n e of several alternative 

definitions of gene (with cistron and recon). 

neo-Darwinism A term coined (actually re-coined, for the word was used in the 

1880s for a very different group of evolutionists) in the middle part of this century. 

Its purpose was to emphasize (and in my opinion exaggerate) the distinctness of the 

modern synthesis of Darwinism and Mendel ian genetics, achieved in the 1920s and 

1930s, from Darwin 's own view of evolution. I think the need for the 'neo ' is 

fading, and Darwin 's own approach to 'the economy of nature ' now looks very 

modern. 

neoteny An evolutionary slowing down of bodily development relative to the 

development of sexual maturity, with the result that reproduction comes to be 

practised by organisms which resemble the juveni le stages of ancestral forms. It is 

hypothesized that some major steps in evolution, for example the origin of the 

vertebrates, came about through neoteny. 

neutral mutation A mutation that has no selective advantage or disadvantage in 

comparison with its allele. Theoret ical ly, a neutral mutation may become 'fixed' 

(i.e. numerically predominant in the population at its locus) after a number of 

generations, and this would be a form of evolutionary change. The re is legitimate 

controversy over the importance of such random fixations in evolution, but there 

should be no controversy over their importance in the direct production of 

adaptation: it is zero. 

nucleotide A kind of biochemical molecule, notable as the basic building block of 

D N A and R N A . D N A and R N A are polynucleotides, consisting of long chains of 

nucleotides. T h e nucleotides are ' read' in triplets, each triplet being known as a 

codon. 

ontogeny T h e process of individual development. In practice development is often 

taken to culminate in the production of the adult, but strictly it includes later 

stages such as senescence. T h e doctrine of the extended phenotype would lead us to 

generalize 'ontogeny' to include the 'development ' of extracorporeal adaptations, 

for example artefacts like beaver dams. 

optimon T h e unit of natural selection, in the sense of the unit for whose benefit 

adaptations may be said to exist. T h e thesis of this book is that the optimon is 

neither the individual nor the group of individuals but the gene or genetic 

replicator. But the dispute is in part a semantic one, whose resolution occupies 

portions of Chapters 5 and 6. 

orthoselection Sustained selection on the members of a lineage over a long period, 

causing continued evolution in a given direction. C a n create an appearance of 

'momentum' or 'inertia' in evolutionary trends. 

outlaw gene A gene which is favoured by selection at its own locus, in spite of its 

deleterious effects on the other genes in the organisms in which it finds itself. 

Meiotic drive (q.v.) provides a good example. 
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Paley's watch A reference to the best known of Will iam Paley's (1743-1805) 

arguments for the existence of God . A watch is too complicated, and too 

functional, to have come about by accident: it carries its own evidence of having 

been purposefully designed. T h e argument seems to apply a fortiori to a living 

body, which is even more complicated than a watch. Darwin, as a young man, was 

deeply impressed by this. Al though he later destroyed the God part of the 

argument, by showing that natural selection can play the role of watchmaker to 

living bodies, he did not destroy the fundamental point — still under-appreciated— 

that complicated design demands a very special kind of explanation. God apart, 

the natural selection of small inherited variations is probably the only agency 

capable of doing the job . 

phenotype T h e manifested attributes of an organism, the joint product of its genes 

and their environment during ontogeny. A gene may be said to have phenotypic 

expression in, say, eye colour. In this book the concept of phenotype is extended to 

include functionally important consequences of gene differences, outside the bodies 

in which the genes sit. 

pheromone A chemical substance secreted by an individual, and adapted to 

influence the nervous systems of other individuals. Pheromones are often thought of 

as chemical 'signals' or 'messages', and as the inter-body analogue of hormones. In 

this book they are more often treated as analogous to manipulative drugs. 

phylogeny Ancestral history on the evolutionary time-scale. 

plasmid O n e of a set of more or less synonymous words used for small, self-

replicating fragments of genetic material, found in cells but outside chromosomes. 

pleiotropy T h e phenomenon whereby a change at one genetic locus can bring 

about a variety of apparently unconnected phenotypic changes. For instance a 

particular mutation might at one and the same time affect eye colour, toe length, 

and milk yield. Pleiotropy is probably the rule rather than the exception, and is 

entirely to be expected from all that we understand about the complex way in 

which development happens. 

pluralism In modern Darwinian jargon, the belief that evolution is driven by 

many agencies, not just natural selection. Enthusiasts sometimes overlook the 

distinction between evolution (any kind of change in gene frequencies, which may 

well be pluralistically caused) and adaptation (which only natural selection, as far 

as we know, can bring about) . 

polygene O n e of a set of genes each exerting a small, cumulative effect on a 

quanti tat ive trait. 

polymorphism T h e occurrence together in the same locality of two or more 

discontinuous forms of a species in such proportions that the rarest of them cannot 

be maintained merely by recurrent mutation. Polymorphism necessarily occurs 

during the transient course of an evolutionary change. Polymorphisms may also be 

maintained in stable balance by various special kinds of natural selection. 

polyphyletic See monophyletic. 

preformationism As opposed to epigenesis (q.v.) it is the doctrine that the form of 

the adult body is in some sense mapped in the zygote. O n e early partisan thought 
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he could discern, with his microscope, a little man curled up in the head of a 

sperm. In Chapter 9 it is used for the idea that the genetic code is more like a 

blueprint than a recipe, implying that the processes of embryonic development are 

in principle reversible, in the same sense as, say, you may reconstruct its blueprint 

from a house. 

prokaryotes O n e of the two major groups of organisms on Earth (contrast 

eukaryotes) including bacteria and blue-green algae. They have no nucleus 

and no membrane-bounded organelles such as mitochondria: indeed one theory 

has it that mitochondria and other such organelles in eukaryotic cells are, in origin, 

symbiotic prokaryotic cells. 

propagule Any kind of reproductive particle. T h e word is used specifically when 

we wish not to commit ourselves over whether we are speaking about sexual or 

asexual reproduction, about gametes or spores, etc. 

r-selection Selection for the qualities needed to succeed in unstable, unpredictable 

environments, where ability to reproduce rapidly and opportunistically is at a 

premium, and where there is little value in adaptations to succeed in competit ion. 

A variety of qualities are thought to be favoured by r-selection, including high 

fecundity, small size, and adaptations for long-distance dispersal. Weeds , and their 

animal equivalents, are examples. Contrast with K-selection (q.v.) . It is customary 

to emphasize that r-selection and K-selection are the extremes of a continuum, 

most real cases lying somewhere between. Ecologists enjoy a curious love/hate 

relationship with the r/K concept, often pretending to disapprove of it while finding 

it indispensable. 

recessiveness Opposite of dominance (q.v.) . 

recon T h e minimum unit of recombination. O n e of several different definitions of 

gene, but, like muton, it has not yet received sufficient currency to be usable 

without simultaneous definition. 

replicator A n y entity in the universe of which copies are made. Chapte r 5 contains 

an extended discussion of replicators, and a classification of active/passive, and 

germ-line/dead-end replicators. 

reproductive value A demographic technical term, a measure of an individual 's 

expected number of future (female) children. 

segregation distorter A gene whose phenotypic effect is to influence meiosis so 

that the gene has a greater than 50 per cent chance of ending up in a successful 

gamete. See also meiotic drive. 

selfish See altruism. 

sex chromosome A special chromosome concerned with the determination of sex. 

In mammals there are two sex chromosomes called X and Y. Males have the 

genotype X Y , females X X . All eggs therefore bear one X chromosome, but sperms 

may bear either one X (in which case the sperm will give rise to a daughter) or one 

Y (in which case the sperm will give rise to a son). T h e male sex is therefore 

referred to as heterogametic, the female as homogametic. Birds have a very similar 
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system, except that males are homogametic (the equivalent of X X ) and females 

heterogametic (the equivalent of X Y ) . Genes carried on sex chromosomes are 

called 'sex-linked'. This is sometimes confused (e.g. page 10) with 'sex-limited', 

which means having expression in one sex or the other (not necessarily carried on 

sex chromosomes). 

somatic Literally pertaining to the body. In biology it is used for the mortal part 

of the body, as opposed to the germ-line. 

speciation T h e process of evolutionary divergence whereby two species are 

produced from one ancestral species. 

species selection T h e theory that some evolutionary change takes place by a form 

of natural selection at the level of species or lineages. If species with certain 

qualities are more likely to go extinct than species with other qualities, large-scale 

evolutionary trends in the direction of the favoured qualities may result. These 

favoured qualities at the species level may in theory have nothing to do with the 

qualities that are favoured by selection within species. Chapter 6 argues that 

al though species selection may account for some simple major trends, it cannot 

account for the evolution of complex adaptation (see Paley's watch, and 

macroevolut ion) . T h e theory of species selection in this sense comes from a different 

historical tradition from the theory of group selection (q.v.) of altruistic traits, and 

the two are distinguished in Chapter 6. 

stasis In evolutionary theory, a period during which no evolutionary change takes 

place. See also gradualism. 

strategy Like 'altruism', used by ethologists in a special sense, almost misleadingly 

distantly related to its common usage. It was imported from game theory into 

biology in the theory of evolutionarily stable strategies (q.v.) , where it is essentially 

synonymous with 'p rogram' in the computer sense, and means a preprogrammed 

rule that an animal obeys. This meaning is precise, but unfortunately strategy has 

become a much abused buzz-word, and is now bandied about as a trendy synonym 

for 'behaviour pattern' . A l l individuals of a population might follow the strategy ' I f 

small flee, if large at tack ' ; an observer would then observe two behaviour patterns, 

fleeing and at tacking, but he would be wrong to call them two strategies: both 

behaviour patterns are manifestations of the same conditional strategy. 

survival value T h e quali ty for which a characteristic was favoured by natural 

selection. 

symbiosis T h e intimate living together (with mutual dependence) of members of 

different species. Some modern textbooks omit the mutual dependence proviso, and 

understand symbiosis to include parasitism (in parasitism, only one side, the 

parasite, is dependent on the other, the host, which would be better off alone). 

Such textbooks use mutualism in place of symbiosis as defined above. 

symphylic substance Chemica l substance used by social insect colony parasites 
(e.g. beetles) to influence the behaviour of their hosts. 

teleonomy T h e science of adaptation. In effect, teleonomy is teleology made 

respectable by Darwin , but generations of biologists have been schooled to avoid 
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' teleology' as though it were an incorrect construction in Lat in grammar , and 

many feel more comfortable with a euphemism. Not much thought has been given 

to what the science of teleonomy will consist of, but some of its major 

preoccupations will presumably be the questions of units of selection, and of costs 

and other constraints on perfection. This book is an essay in teleonomy. 

tetraploid Having four of each chromosome type rather than the more usual two 

(diploid) or one (haploid). New species of plants are sometimes formed by a 

doubling of chromosomes to tetraploidy, but subsequently the species behaves like 

an ordinary diploid which happens to have twice as many chromosomes as a 

closely related species, and it is convenient to consider it diploid for most purposes. 

Chapter 11 suggests that although individual termites are diploid, the whole 

termite nest may be regarded as the extended phenotypic product of a tetraploid 

genotype. 

vehicle Used in this book for any relatively discrete entity, such as an individual 

organism, which houses replicators (q.v.) , and which can be regarded as a machine 

programmed to preserve and propagate the replicators that ride inside it. 

Weismannism T h e doctrine of a rigid separation between an immortal germ-line 

and the succession of mortal bodies which house it. In particular the doctrine that 

the germ-line may influence the form of the body, but not the other way around. 

See also central dogma. 

zygote T h e cell that is the immediate product of sexual fusion between two 

gametes. 
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