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Summar~r. D o m e s t i c  cat  populat ions  of f o r m e r  B r i t i s h  co lon ies  p rov ide  a unique set  of data with which to e v a l -  
uate  the h i s t o r i c a l / i m m i g r a t i o n  hypothes i s  because  such populat ions a r e  be l i eved  to s a m p l e  an evolv ing  p a r e n -  
tal United Kingdom stock at v a r i o u s  t i m e s  o v e r  the l as t  t h r e e  c e n t u r i e s .  A r e g r e s s i o n  of f coe f f i c i en t s  u p o n s e p -  
a r a t i on  t i m e  be tween  founding popula t ions ,  as i n f e r r e d  f r o m  h i s t o r i c a l  r e c o r d s ,  is  s t a t i s t i c a l l y  s ign i f ican t .  
Se lec t ion  is  ind ica ted  as the m e c h a n i s m  under ly ing  a l l e l e  f r equency  change.  

In t roduct ion  

P r e s e n t  day a l l e l e  f r e q u e n c i e s  in populat ions  of F e l i s  

catus that r e s i d e  within nat ions that w e r e  f o r m e r  Eu-  

ropean  co lon ie s  a r e  be l i eved  to app rox ima te  those  of 

Eu rope  at the t i m e  the ca t s  w e r e  f i r s t  expo r t ed  with 

waves  of human m i g r a t i o n  (Todd, F a g e n ,  and Fagen  

1975).  This hypothes i s  sugges t s  that colonia l  cat  popu-  

la t ions  have  undergone  r e l a t i v e l y  l i t t l e  gene t ic  evo lu -  

t ion when c o m p a r e d  to those  of the m o t h e r  count ry .  

Such popula t ions  should p r e s e n t  a gene t ic  p ro f i l e  ap-  

proxi rna t ing  that of the founding populat ion dur ing i ts  

p e r i o d  of in i t ia l  and p r e s u m e d  r ap id  expans ion  to a 

condi t ion  c h a r a c t e r i z e d  by gene t ic  equ i l i b r i um and 

panmix ia .  This model  has  been used  to expla in  the g e -  

net ic  p r o f i l e s  which c h a r a c t e r i z e  Hobar t  (Dar tna l l  and 

Todd 1975), the m a r i t i m e  p r o v i n c e s  of Canada ( N . B .  

Todd p e r s o n a l  c o m m u n i c a t i o n ) ,  Vancouver  ( B l u m e n -  

berg, Lowry, and Blumenberg 1977), and colonial 

America (Costello and Blumenberg 1976 ). 

More than a dozen cities have been surveyed whose 

founding cat populations are predominantly United King- 

dom in origin. These localities may be grouped into 

three subsets, each of which is characterized by a dis- 

tinct date for the initial period of rapid population 

growth. Boston/Salem, New York City, and Philadel- 

phia are believed to sample the United Kingdom popu- 

lation circa 1650; Charlottetown, Frederickton, and 

Halifax according to the hypothesis would sample the 

same population circa 1750; Adelaide, Brisbane, and 

Hobart would therefore represent a mid 19th century 

sampling and Vancouver a late 19th century sample. 

Consul t  C la rk  (1973) plus the r e f e r e n c e s  g iven in the 

pa rag raph  above for  de ta i l ed  d i scuss ions  of the r e l e -  

vant h i s to r i ca l  data.  Accord ing  to the model ,  t hese  

colonia l  populat ions may be thought of as evo lu t ionary  

l ines  which take an e s s e n t i a l l y  hor izon ta l  path upon 

branching  off f rom the cen t r a l  evo lu t ionary  t r ack  which 

is r e p r e s e n t e d  by the United Kingdom F. c a t u s  popu- 

l a t ions .  In view of t he i r  c o m m o n  geograph ic  o r ig in ,  

t hese  populat ions  p rov ide  a unique set  of data with 

which to subs tan t ia te  o r  r e fu te ,  in a quant i ta t ive  m a n -  

ner ,  the fundamental  p r e m i s e  of the h i s t o r i c a l / i m m i -  

g ra t ion  hypo thes i s .  This model  p r ed i c t s  that the 

amount of gene t i c  s e p a r a t i o n  be tween any two popu- 

la t ions  of c o m m o n  geograph ic  o r ig in  should be p r o -  

portioned to the s e p a r a t i o n  in t i m e  between t he i r  r e s -  

pec t ive  founding popula t ions .  F o r  example ,  the amount 

of gene t ic  d i f f e rence  be tween the F. eatus populat ions 

of New York and Phi lade lph ia  should be ins igni f icant  

because  both c i t i e s  had an ea r ly  h i s to ry  domina ted  

by an ini t ia l  pe r iod  of l a r g e  s c a l e  i m m i g r a t i o n  f rom 

the B r i t i s h  I s l e s  in the middle  of the seven teen th  c e n -  

tu ry .  On the o ther  hand, the hypothes is  p r e d i c t s  that 

subs tant ia l  gene t ic  d i f f fe rence  should be d e m o n s t r a b l e  

be tween the ca t s  of co lonia l  A m e r i c a  and those  of A u s -  

t r a l i a  whose  founding B r i t i s h  populat ions underwent  

t h e i r  ini t ia l  expans ion  in the middle  of the nineteenth  

cen tu ry .  

Methods 

The m e a s u r e  of gene t ic  d i f f e r ence  adopted h e r e i n  is  
that deve loped  by Kidd and C a v a l l i - S f o r z a  (1974) and 
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T a b l e  1. A l l e l e  f r e q u e n c i e s  f o r  m u t a t i o n s  a f f e c t i n g  p e l -  
age  in  d o m e s t i c  c a t  p o p u l a t i o n s  of  t h e  U n i t e d  K i n g d o m  
a n d  f o r m e r  B r i t i s h  c o l o n i e s  

P o p u l a t i o n  n 1 0 a t b d S c . d .  2 

B o s t o n / S a l e m  387 . 2 0 9  . 691  . 4 1 9  . 4 1 9  . 4 0 3  . 371  
New Y o r k  C i t y  206 . 1 4 5  . 7 5 2  . 4 7 3  . 4 4 3  . 4 7 0  . 4 5 5  
P h i l a d e l p h i a  202 . 2 7 4  . 7 0 5  . 4 4 9  . 5 0 0  . 421  . 3 5 4  
P o o l e d  " 1 6 5 0 "  779 . 212  . 7 1 2  . 4 3 9  . 4 4 6  . 4 2 4  . 3 8 0  

C h a r l o t t e t o w n  88 . 281  . 7 9 0  . 4 4 7  . 4 6 0  . 3 4 2  . 3 9 6  
F r e d e r i c k t o n  97 . 2 8 5  . 7 6 4  . 5 0 0  . 3 8 8  . 3 5 7  . 4 1 8  
H a l i f a x  132 . 3 2 0  . 7 8 8  . 5 7 3  . 4 5 0  . 3 7 9  . 4 0 4  
P o o l e d  " 1 7 5 0 "  303 . 3 0 7  . 782  . 5 1 7  . 436  . 3 6 2  . 4 0 2  

A d e l a i d e  482 .191  . 7 7 9  . 7 1 0  . 326  . 2 9 5  . 582  
B r i s b a n e  234  . 1 4 3  . 8 1 5  . 6 8 5  . 4 5 5  . 4 0 8  . 5 5 8  
H o b a r t  731 . 2 1 7  . 7 5 8  . 8 1 3  . 2 4 4  . 3 8 6  . 6 3 0  
P o o l e d  " 1 8 5 0 "  1467 . 2 0 2  . 7 7 9  . 7 4 4  . 3 2 5  . 3 5 9  . 5 8 8  
V a n c o u v e r  193 . 1 7 4  . 8 0 9  . 6 1 2  . 4 3 9  . 3 3 3  . 4 2 9  

D u b l i n  137 . 1 4  . 83  . 73  . 2 8  . 36  . 6 9 2  
London  560 . 107  . 7 6 2  . 8 1 4  . 1 4 2  . 3 4 3  . 7 5 1  
S. E n g l a n d  406 . 1 8 9  . 7 9 5  . 8 3 8  . 2 6 0  . 3 1 5  . 6 7 3  
Y o r k  352 . 2 0  .81  . 7 8  . 27  . 3 3  . 6 6 4  
P o o l e d  " 1 9 5 0 "  1318 . 1 4 9  . 7 9 2  . 8 2 0  . 2 2 8  . 3 4 7  . 7 0 8  

1 - a v e r a g e  s a m p l e  s i z e  o v e r  t h e  f i v e  l o c i  c o n s i d e r e d  
2 - c o e f f i c i e n t  of  d a r k n e s s  = 0+d + ( a+ tb+  a)  a c c o r d i n g  
to  Todd ( 1969 ) .  
D a t a  t a k e n  f r o m  B l u m e n b e r g ,  Lowry ,  a n d  B l u m e n b e r g  
(1977 ) ; C l a r k  ( 1973 ) ; C o s t e l l o  a n d  B l u m e n b e r g  ( 1976 ); 
D a r t n a l l  a n d  Todd  ( 1 9 7 5 )  ; M e t c a l f e  a n d  T u r n e r  ( 1971 ); 
Mof fa t  ( 1 9 6 8 )  ; R o b i n s o n  a n d  S i l s o n  ( 1 9 6 9 )  ; S e a r l e  
( 1 9 4 9 ) ;  Todd ( 1 9 6 4 ,  1966,  1976,  p e r s o n a l  c o m m u n i -  
c a t i o n )  

t he  r e a d e r  i s  r e f e r r e d  to  t h a t  p a p e r  f o r  a t h e o r e t i c a l  
d e r i v a t i o n  of t h e  r e l a t i o n s h i p s .  The a n g u l a r  t r a n s f o r -  
m a t i o n  i s  c h o s e n  b e c a u s e  t h e  v a r i a n c e  of  e i s  e s s e n -  
t i a l l y  i n d e p e n d e n t  of t h e  m e a n  g e n e  f r e q u e n c y .  

k 

c o s 6 1 2  =~-~, P ~ i l P i 2  (1 )  
i=1 

w h e r e  p ~ ,  pl~ a r e  t h e  f r e q u e n c i e s  o f  t h e  i t h  a l l e l e  i n  
p o p u l a t i o n s  1 a n d 2  r e s p e c t i v e l y  f o r  a l o c u s  of  k a l l e l e s .  
An  e s t i m a t e  of  t h e  v a r i a n c e  f o r  a l l  k a l l e l e s  at  o n e  l o -  
c u s  becomes : 

4 (1  - c o s  e12 )  
fe = k - 1 ( 2 )  

An e s t i m a t e  of  f o v e r  s e v e r a l  l o c i  c a n  b e  o b t a i n e d  a s  t h e  
w e i g h t e d  a v e r a g e  of t h e  f v a l u e s  at  e a c h  l o c u s :  

~ 4 ( 1  - c o s  9 i )  

-re : i ( 3 )  

F ( k  i - 1) 

f9 v a l u e s  a r e  a f f e c t e d  by a b i a s  due  to  r a n d o m  s a m p -  

l i n g  v a r i a n c e  w h i c h  c a n  b e  c o m p u t e d  f r o m  t h e  B h a t t a -  
c h a r y a - M a t o u s e k  d i s t r i b u t i o n  to  b e  (N~ + N 2 ) / 4 N ~ N 2 .  

Six  m u t a n t  a l l e l e s  in  t h e  g e n e t i c  s y s t e m  of  F. e a t u s  
(0 ,  a , _ t  b , _d, _1, S )  f i t  t h e  r e q u i r e m e n t s  f o r  t h i s  a n a l y -  
s i s ;  i . e .  t h e y  a r e  c h a r a c t e r i z e d  by f r e q u e n c i e s  w i t h i n  
t h e  r a n g e  0 . 0 5 - 0 . 9 5 .  In v i e w  of  t h e  d i f f i c u l t i e s  in  

T a b l e  2 .  G e n e t i c  d i f f e r e n c e  a n d  f c o e f f i c i e n t s :  c o m p a r i s o n s  w i t h  c o l o n i a l  A m e r i c a n  p o p u l a t i o n s  

Locus  S B - N Y C  S B - P H  S B - H a l  S B - A d e l  S B - V a n  S B - L o n d  NYC - P h  

O r a n g e  . 003539  . 002893  . 007985  . 0 0 0 2 5 3  . 000991  . 0 1 0 0 0 3  . 012812  
N o n a g o u t i  . 0 0 2 3 2 0  . 000116  . 0 0 6 1 4 7  . 004997  . 009386  . 0 0 3 1 8 2  . 0 0 1 3 9 8  
B1. t a b b y  . 0 0 1 4 7 6  . 000458  . 0 1 1 9 3 0  . 0 4 4 0 9 8  . 0 1 8 8 2 0  . 0 8 7 2 5 8  . 0 0 0 2 9 0  
D i l u t e  . 000294  . 0 0 3 3 0 8  . 0 0 0 4 8 9  . 004639  . 000204  . 0 5 0 0 3 3  . 001631  
P i e b a l d  . 002284  . 0 0 0 1 6 7  . 0 0 0 3 0 2  . 006446  . 0 0 2 6 3 8  . 0 0 1 9 2 7  . 001216  

(1 - c o s  e)  . 0 0 9 9 1 3  . 0 0 6 9 4 3  . 026854  . 0 6 0 4 3 3  . 0 3 2 0 3 9  . 1 5 2 4 0 3  . 0 1 7 3 4 7  
f e  . 007931  . 005554  . 0 2 1 4 8 3  . 0 4 8 3 4 7  . 0 2 5 6 3 1  . 1 2 1 9 2 2  . 013877  
s a m p .  e r r o r  . 0 0 1 8 6 0  . 001884  . 0 0 2 5 4 0  . 001165  . 001941  . 0 0 1 1 3 8  . 002451  
c o r r e c t e d  f . 006071  . 0 0 3 6 7 1  . 0 1 8 9 4 3  . 0 4 7 1 8 2  . 0 2 3 8 9 0  . 1 2 0 7 8 4  . 0 1 1 4 2 6  

T a b l e  3.  G e n e t i c  d i f f e r e n c e  a n d  f c o e f f i c i e n t s :  c o m p a r i s o n s  w i t h  C a n a d i a n  m a r i t i m e  a n d  

Locus  C h - F r e d  C h - H a l  C h - V a n  F r e d - H a l  F r e d - V a n  H a l - V a n  

O r a n g e  . 0 0 0 0 1 0  . 0 0 0 9 0 5  . 008235  . 000726  . 0 0 8 8 1 3  . 014581  
N o n a g o u t i  . 0 0 0 4 8 8  . 0 0 0 0 0 3  . 0 0 0 2 8 2  . 0 0 0 4 1 4  . 0 0 1 5 1 1  . 0 0 0 3 4 3  
B1. t a b b y  . 001409  . 0 0 7 9 7 3  . 0 1 3 7 5 6  . 0 0 2 6 8 2  . 0 0 6 3 7 3  . 0 0 0 7 8 8  
D i l u t e  . 002657  . 0 0 0 0 5 0  . 0 0 0 2 2 3  . 001976  . 0 0 1 3 4 2  . 000061  
P i e b a l d  . 000124  . 0 0 0 7 4 3  . 000045  . 0 0 0 2 6 0  . 0 0 0 3 1 9  . 001155  
Z ( 1  - c o s  6)  . 004688  . 009674  . 022541  . 0 0 6 0 6 0  . 0 1 8 3 5 8  . 016927  
f 6  . 003751  . 007739  . 0 1 8 0 3 3  . 0 0 4 8 4 7  . 0 1 4 6 8 6  . 0 1 3 5 4 2  
s a m p .  e r r o r  . 005418  . 004735  . 0 0 4 1 3 6  . 004471  . 0 0 3 8 7 3  . 003189  
c o r r e c t e d  f .0+ . 0 0 3 0 0 5  . 013896  . 000376  . 0 1 0 8 1 3  . 0 1 0 3 5 3  
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a c h i e v i n g  a r e l i a b l e  d i a g n o s i s  of  t h e  l o n g  h a i r  p h e n o -  
t y p e  ( T o d d  a n d  Todd  1 9 7 6 ) ,  i t  i s  q u i t e  p r o b a b l e  t h a t  
t h e  m a n y  l i t e r a t u r e  r e p o r t s  of  t h e  f r e q u e n c y  of  t h i s  
m u t a n t  i n  v a r i o u s  p o p u l a t i o n s  a r e  at  b e s t  o n l y  p o o r  
a p p r o x i m a t i o n s  of  t h e  t r u e  l e v e l  of  t h i s  a l l e l e .  F o r  
t h i s  r e a s o n ,  l o n g  h a i r  a l l e l e  f r e q u e n c i e s  wi l l  no t  be  
c o n s i d e r e d  in  t h i s  p a p e r .  

R e s u l t s  

T a b l e  1 g i v e s  t h e  a l l e l e  f r e q u e n c i e s  a n d  c o e f f i c i e n t  

of  d a r k n e s s  f o r  a l l  s u r v e y s  d e a l t  w i t h  i n t h i s  s t u d y  a n d  

t h e  p o o l e d  r e g i o n a l  g e n e  f r e q u e n c i e s  w h i c h  a r e  b e -  

l i e v e d  to  r e p r e s e n t  t h e  g e n e t i c  p r o f i l e  of  U n i t e d  K i n g -  

d o m  F. eaVus p o p u l a t i o n s  at  v a r i o u s  t i m e s  d u r i n g  t h e  

p a s t  t h r e e  c e n t u r i e s .  T a b l e s  2 a n d  3 g i v e  g e n e t i c  d i f -  

f e r e n c e  c a l c u l a t i o n s  f o r  28 p a i r w i s e  c o m p a r i s o n s  b e -  

t w e e n  e l e v e n  c i t i e s .  The  i n d i v i d u a l  s u r v e y s  f o r  t h e s e  

c o m p a r i s o n s  w e r e  c h o s e n ,  w h e n e v e r  p o s s i b l e ,  o n  t h e  

b a s i s  of  l a r g e  s a m p l e  s i z e  ( s o  a s  to  m i n i m i z e  s a m p -  

l i n g  b i a s )  a n d  p r e s u m e d  o r i g i n  in  o n e  m a j o r  f o u n d i n g  

p o p u l a t i o n  w h o s e  a r r i v a l  f r o m  t h e  U n i t e d  K i n g d o m  c a n  

b e  r e l i a b l y  d o c u m e n t e d  h i s t o r i c a l l y .  D a t a  f r o m  M e l -  

b o u r n e  w e r e  not  u s e d  b e c a u s e  of  t h e  s m a l l  s a m p l e  s i z e  

( n  = 84)  w h e n  c o m p a r e d  to  o t h e r  A u s t r a l i a n  c i t i e s  

( M o f f a t  1 9 6 8 ) .  D a t a  f r o m  C h a r l o t t e t o w n  w e r e  u s e d  

( n  = 8 8 ) ,  h o w e v e r ,  b e c a u s e  of  t h e  r e l a t i v e l y  s m a l l  

s a m p l e  s i z e s  of a l l  t h e  C a n a d i a n  M a r i t i m e  s u r v e y s ;  

s e e  T a b l e  1. D a t a  f r o m  D u n e d i n ,  New Z e a l a n d  ( M a r p l e s  

1 9 6 7 ) ,  w h i c h  c o u l d  h a v e  b e e n  p o o l e d  w i t h  t h a t  f r o m  

V a n c o u v e r  f o r  t h e  1875 t i m e  p o i n t ,  w e r e  not  u s e d  b e -  

c a u s e  t h e  a l l e l e  f r e q u e n c i e s  h a v e  b e e n  s e c o n d a r i l y  

d e r i v e d  f r o m  v e r b a l  d e s c r i p t i o n s  a n d  a r e  not  c o n s i -  

d e r e d  r e l i a b l e  (N .  B .  Todd p e r s o n a l  c o m m u n i c a t i o n ) .  

D i s c u s s i o n  

The m o d e l  p r e d i c t s  t h a t  t h e  g e n e t i c  d i f f e r e n c e  b e t w e e n  

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

t i m e  b e t w e e n  f o u n d i n g  p o p u l a t i o n s  i n c r e a s e s .  A s  s h o w n  

in  T a b l e  4,  t h i s  p r e d i c t i o n  i s  c o n f i r m e d  a l t h o u g h  t h e  

s t a n d a r d  d e v i a t i o n s  of  t h e  s e p a r a t i o n  t i m e s  c h a r a c t e r -  

i z i n g  a p a r t i c u l a r  r a n g e  of  f v a l u e s  a r e  e n o r m o u s .  It 

s h o u l d  be  n o t e d  t h a t  due  to  t h e  r e q u i r e m e n t s  of e q u a -  

t i o n  ( 3 ) ,  t h e  f c o e f f i c i e n t s  i n  t h i s  a n a l y s i s  a r e  0 . 8  of  

t h e  s u m m e d  g e n e t i c  d i f f e r e n c e  a c r o s s  t h e  f i v e  l o c i  

c o n s i d e r e d  f o r  e a c h  p a i r w i s e  c o m p a r i s o n .  A l e a s t  

N Y C - H a l  N Y C -  Ade l  N Y C - V a n  N Y C - L o n d  P h - H a l  P h - A d e l  P h - V a n  P h - L o n d  

. 0 2 2 0 9 8  . 0 0 1 9 0 0  . 0 0 0 7 8 6  . 0 0 1 6 4 7  . 0 0 1 2 6 8  . 004857  . 007264  . 0 2 3 5 9 3  

. 0 0 0 9 1 6  . 0 0 0 5 0 8  . 0 0 2 3 ? 9  . 0 0 0 0 6 8  . 004574  . 0 0 3 5 9 0  . 0 0 7 4 1 7  . 0 0 2 0 8 2  

. 0 0 5 0 2 3  . 0 2 9 5 5 7  . 0 0 9 7 8 0  . 066414  . 0 0 7 7 2 2  . 0 3 5 6 4 8  . 0 1 3 4 2 6  . 0 7 5 3 1 1  

. 0 0 0 0 2 5  . 0 0 7 2 6 3  . 0 0 0 0 0 8  . 0 5 7 8 8 2  . 0 0 1 2 5 4  . 0 1 5 7 5 0  . 001869  . 078561  

. 0 0 4 2 4 7  . 0 1 6 3 7 3  . 0 0 9 8 1 9  . 0 0 8 3 9 7  . 0 0 0 9 1 9  . 0 0 8 8 6 6  . 0 0 4 1 3 2  . 0 0 3 2 2 8  

. 0 3 2 3 0 8  . 0 5 5 6 0 1  . 0 2 2 7 7 2  . 1 3 4 4 0 8  . 015737  . 0 6 8 5 3 0  , 0 3 4 1 0 8  . 182775  

. 0 2 5 8 4 7  . 0 4 4 4 8 1  . 0 1 8 2 1 7  . 1 0 7 5 2 7  . 0 1 2 5 9 0  . 054824  . 027289  . 1 4 6 2 2 0  

. 0 0 3 1 0 8  . 0 0 1 7 3 2  . 002509  . 0 0 1 6 6 0  . 0 0 3 1 3 2  . 0 0 1 7 5 6  , 0 0 2 5 3 3  . 0 0 1 6 8 4  

. 0 2 2 7 3 9  . 0 4 2 7 4 8  . 0 1 5 7 0 8  . 105867  . 0 0 9 4 9 8  . 0 5 3 0 6 8  . 024754  . 144536  

A u s t r a l i a n  p o p u l a t i o n s  

A d - H o b  A d - H a l  A d - V a n  H o b - V a n  H a l - L o n d  A d - L o n d  V a n - L o n d  

�9 0 0 0 5 2 0  . 0 1 1 0 7 5  . 0 0 0 2 4 2  . 0 0 1 4 7 3  . 0 3 5 7 0 3  . 0 0 7 0 7 9  , 004705  
�9 0 0 0 3 1 0  . 0 0 0 0 6 0  . 0 0 0 6 8 9  . 0 0 1 9 2 2  . 0 0 0 4 8 5  . 000204  . 0 0 1 6 4 3  
. 0 0 7 3 ? 0  . 0 1 0 2 7 3  . 0 0 5 3 8 0  . 0 2 5 2 6 1  . 0 3 4 8 9 3  . 0 0 7 3 ? 0  . 0 2 5 2 6 1  
. 0 0 4 1 4 1  . 0 0 8 1 3 4  . 0 0 6 7 8 6  . 0 2 1 4 7 2  . 060266  . 0 2 4 3 8 9  , 0 5 6 5 3 9  
�9 004625  . 0 0 3 9 5 9  . 0 0 0 8 3 9  . 0 0 1 5 2 6  . 0 0 0 7 0 3  . 0 0 1 3 2 7  . 0 0 0 0 5 6  
. 0 1 6 9 6 6  . 0 3 3 5 0 1  . 0 1 3 9 3 6  . 0 5 1 6 5 5  . 1 3 2 0 5 0  . 0 4 0 3 7 0  , 008204  
. 0 1 3 5 7 4  . 0 2 6 8 0 0  . 0 1 1 1 4 7  . 0 4 1 3 2 4  . 1 0 5 6 4 0  . 0 3 2 2 9 6  . 0 7 0 5 6 3  
. 0 0 0 8 6 1  . 0 0 2 4 1 3  . 0 0 1 8 1 4  . 0 0 1 6 3 7  . 0 0 2 3 4 0  . 000965  . 0 0 1 7 4 2  
. 0 1 2 7 1 3  . 0 2 4 3 8 8  . 0 0 9 3 3 4  . 0 3 9 6 8 ?  . 1 0 3 2 9 9  . 0 3 1 3 0 7  . 0 6 8 8 2 2  
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Table 4. R e l a t i o n s h i p b e t w e e n  f and s e p a r a t i o n t i m e  

f t ( y r s )  n 

0 < < .015 42 • 58 12 
. 0 1 5 ~  < . 0 3 0  142 •  6 
.030 ~ 190 • 97 10 

f= .000282(t )  + .000997 r=  .538014 p < .01 

f - An e s t i m a t e  of the v a r i a n c e  of all k a l l e l e s  o v e r  
s e v e r a l  loci  accord ing  to Kidd and C a v a l l i - S f o r z a  
(1974) .  See Tab.2 and 3 

t - Mean s e p a r a t i o n  t i m e  between the founding popu- 
la t ions  when p a i r s  of populat ions a r e  c o m p a r e d  

n - Number  of p a i r w i s e  populat ion c o m p a r i s o n s  

s q u a r e s  l i n e a r  r e g r e s s i o n  of the f va lues  g iven  in Table 2 

and 3 agains t  s e p a r a t i o n  t i m e  r e s u l t s  in a c o r r e l a t i o n  

coef f ic ien t  which is  s t a t i s t i c a l l y  s igni f icant  (p < .01)  

as shown in Table 4. The re fo r e ,  as  the s e p a r a t i o n t i m e  

between any two founding populat ions i n c r e a s e s ,  the 

gene t ic  d i f f e rence  between two populat ions i n c r e a s e s  

at a r a t e  which may be best  d e s c r i b e d  as l i n e a r .  The 

e s sen t i a l  p r e m i s e  of the h i s t o r i c a l / i m m i g r a t i o n  hypo-  

t he s i s  appea r s  to be subs tan t ia ted .  

The r e v e r s e  hypothes is  that gene f r e q u e n c i e s  have 

been s tab le  in B r i t a i n  s ince  1650 and changes  have 

o c c u r r e d  in the new env i ronmen t s  in p ropor t ion  to the 

t i m e  s e p a r a t i o n  is  c o n s i d e r e d  unl ikely for  two r e a s o n s .  

1) F r a g m e n t a r y  data f rom Bloemfon te in  (Dreux  1969) 

indica te  a gene t ic  p ro f i l e  not s ign i f ican t ly  d i f ferent  

f rom that of New York Ci ty  for  t h r e e  of the four  loci  

which show s y s t e m a t i c  c l ina l  v a r i a t i o n  ( s e e  be low) .  

The founding cat  populat ion of B loemfon te in  must  have 

been r e c r u i t e d  f rom the Cape Colony which was e s t a b -  

l i shed  in the mid  seven teen th  cen tu ry .  It s e e m s  highly 

im probab l e  that the e n v i r o n m e n t s  of New York City and 

Bloemfonte in  have evo lved  in ident ical  d i r ec t ions  o v e r  

the l as t  t h r e e  hundred  y e a r s .  2) The c l ine  map of t b 

for  Eu rope  takes  the f o r m  of a s e r i e s  of smooth  e l l i p -  

t i ca l  r eg ions  of e v e r  d e c r e a s i n g  a l l e l e  f r equency  s p r e a d -  

ing outward  f rom B r i t a i n  (Dreux  and Todd 1974). Such 

a pa t t e rn  s t rong ly  im p l i e s  that qt b has not been s tab le  

in the United Kingdom o v e r  the las t  few c e n t u r i e s  and 

has ,  in fact ,  been s tead i ly  r i s ing .  

As to whe ther  s e l e c t i o n  o r  drif t  is r e s p o n s i b l e  for  

the gene t ic  p ro f i l e s  which c h a r a c t e r i z e  t h e s e  l o c a l i t i e s ,  

s o m e  p r e l i m i n a r y  o b s e r v a t i o n s  may be made .  Se lec t ion  

is ind ica ted  by a c o m p a r i s o n  of o b s e r v e d  with t h e o r e t i -  

cal v a r i a n c e  accord ing  to Lewontin and Krakaue r  (1973) 

which is  g iven in Table 5. C la rk  (1976) r e a c h e d  a s i -  

m i l a r  conc lus ion  when applying th is  analyt ical  ap-  

p roach  to va r ious  cat  populat ions in Scotland,  S e l e c -  

t ive  f o r c e s  a lso  appear  to ope ra t e  upon the ca ts  of 

York (Metca l fe  and Turner  1971) The lack of h e t e r o -  

genei ty  within the s p e c t r u m  of F c va lues  may indica te  

that the s e l e c t i v e  f o r c e s  invo lved  a r e  now applying 

app rox ima te ly  equal p r e s s u r e  to each of the f ive  mu-  

tants  examined .  

F i g u r e  1 plots  the t i m e  c o u r s e  of change for  four  

of the f ive  loci  s tudied  (O, _a, _t b, _d) and the coef f ic ien t  

of d a r k n e s s .  These  a l l e l e s  show s y s t e m a t i c  c l ina l  v a r -  

ia t ion o v e r  much of the New and Old World  (Dreux  

and Todd 1974; Todd, Glass ,  and C r e e l  1976). The 

gene f r equency  d i f fe rence  for  _a between the 1650 and 

1750 t i m e  points  is  s igni f icant  (~t 2 = 9.06 for  1 d . f .  ) .  

Table 1 and F ig .  1 i l l u s t r a t e  an ove ra l l  darkening of 

Table 5. Test  for  he t e rogene i ty  of 
C 

Locus N Fc $2 F r ( 10-8 ) $2/r  P 

Orange  14 .0001455 .0000224 33 6788 < .001 
Nonagouti 14 .0001371 .0000240 29 8276 < .001 
B1. tabby 14 .0002789 .0000577 1.2 4815 < .001 
Dilute  14 .0002404 .0000458 64 7156 < .001 
P ieba ld  13 .0001488 .0000345 37 9324 < .001 

Fo = S2P 
~(1-~) 

r  -- k F  2 

Accord ing  to 

where  F~ is  an e s t i m a t e  of e f fec t ive  inbreed ing ;  S2p is the 
v a r i a n c e  in f r equency  of one of two a l t e rna t i ve  a l l e l e s  f rom 
populat ion to populat ion;  and ~ is the mean  f requency  of the 
a l l e l e  o v e r  the e n s e m b l e  of populat ions 

where  k = 2 .0  when the under ly ing  d i s t r ibu t ion  of is  bino-  
mia l .  The r a t io  S ~ / ~  is  d i s t r ibu ted  as  a x 2 / d . f ,  p 

Lewontin and K r a k a u e r  ( 1973 ) 
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DATE 

F i g .  1. Time c o u r s e  of a l l e l e  f r equency  change:  Uni ted 
Kingdom and f o r m e r  c o l o n i e s .  See d i s cus s ion  andTab.  1 

the phenotype as measured by the coefficient of dark- 

ness through the last three centuries as first pointed 

out by Todd (1969). The contribution of an ever in- 

creasing frequency of the blotched tabby mutant ap- 

pears to be the key factor influencing the direction of 

this change. Such an observation suggests a response 

of the gene pool conditioned by cumulative urban pres- 

sure. Studies are underway to examine the correlation 

between allele frequency and the degree of urbanism 

of specific environments. 
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