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S u m m a r y .  As is  the c a s e  with s i n g l e - m a t e  s y s t e m s ,  random mat ing  within a m u l t i p l e - m a t e  and s t o r e d - s p e r m  s y s t e m  
of mat ing  g e n e r a t e s  a n u m b e r  of p r e d i c t a b l e  m a t e - e n c o u n t e r  p a t t e r n s .  Under  a random mat ing  mode l ,  the p r o p o r -  
t ions of homozygous  r e c e s s i v e  f e m a l e s  p roduc ing  of f spr ing  in the d is t inct  c l a s s e s :  i) dominant  only,  i i )  d o m i -  
nant and r e c e s s i v e ,  and i i i )  r e c e s s i v e  only,  a r e  shown to be a function of the mean  n u m b e r  of ma t ings  pe r  f e -  
m a l e .  A c c o r d i n g l y ,  the va l id i ty  of hypo thes i zed  m e a n  n u m b e r s  of ma t ings  p e r  f e m a l e  may  be t e s t ed  through a 
c o m p a r i s o n  of o b s e r v e d  and expec ted  genotypic  d i s t r i bu t ions .  A number  of m a t e - e n c o u n t e r  pa t t e rns  have  low e x -  
pec ted  f r e q u e n c i e s  and may  even  fail to o c c u r  without producing  s ign i f ican t  changes  in gene f r e q u e n c i e s .  

In t roduct ion  S t r u c t u r e  of Random Mating 

The g e n e r a l i t y  of random mat ing in expla in ing gene t i c  

e q u i l i b r i a  i s  well known; h o w e v e r ,  as f a r  as m u l t i p l e -  

m a t e  s y s t e m s  a r e  c o n c e r n e d ,  the r e q u i r e m e n t s  for  

random mat ing  have  r a r e l y  been  d i s c u s s e d .  Random 

mat ing  fo r  gene t ic  p u r p o s e s  c o n s i s t s  of the random 

union of g a m e t e s  and the H a r d y - W e i n b e r g  law will  be 

shown to o p e r a t e  in the c a s e  of a m u l t i p l e - m a t e  and 

s t o r e d - s p e r m  s y s t e m  of mat ing .  Under  th is  p r o p e r t y ,  

the p r o p o r t i o n s  of homozygous  r e c e s s i v e  f e m a l e s  p r o -  

ducing spec i f i c  c l a s s e s  of  o f f sp r ing  a r e  shown to p r o -  

v ide  an e s t i m a t e  of  the mean  number  of ma t ings  pe r  

f e m a l e .  The pe r t inen t  points  r e q u i r i n g  r ecogn i t i on  

a r e :  

i) Indiv iduals  within many s p e c i e s  may ma te  s e v e r a l  

t i m e s .  

i i)  Repea t  mat ings  can  invo lve  e i t h e r  s ing le  o r  m u l -  

t ip le  m a t e s .  

i i i )  Within  the m u l t i p l e - m a t e  c l a s s ,  r e p e a t  ma t ings  

may  o r  may  not invo lve  the s a m e  ma te  o r  i ts  gene t ic  

equ iva len t .  

The l a t t e r  c a s e  is  mos t  typica l  of natura l  popula-  

t ions  and e x a m p l e s ,  including the f e a t u r e  of s t o r e d  

s p e r m ,  a r e  the t e r r e s t r i a l  isopocls,  Ar~nadillidium vuZ- 

gave (Howard  1940) and Venezi l lo  evergladensis  ( J o h n -  

son 1976b),  and the  sna i l ,  Cepaea nemoralis ( M u r r a y  

1964).  

The we l l -known e x p r e s s i o n  of r andom mat ing  for  a 

t w o - a l l e l e ,  au tosomal  locus  within a s i n g l e - m a t e  s y s -  

tem is  g i v e n i n T a b l e  1. It is  noted f r o m  Table I that the 

con t r ibu t ions  to the total  p rogeny  by the genotypes  AA, 

Aa, and aa, for  e i t h e r  pa ren ta l  sex ,  a r e  p2, 2pq, and 
2 

q , r e s p e c t i v e l y .  In the s i n g l e - m a t e  s y s t e m ,  the  con-  

t r ibu t ion  to total  o f f spr ing  by the genotype AA, fo r  a 

g iven  paren ta l  s ex ,  is  the sum of the f r e q u e n c i e s  of 

3 p o s s i b l e  ma te  e n c o u n t e r s .  In turn ,  the f r equency  of 

each  ma te  e n c o u n t e r  is  d e t e r m i n e d  by the f r e q u e n c i e s  

of the 2 genotypes  of the m a t e s  pa r t i c ipa t i ng  in the en-  

Table 1. Frequencies of mat ing  combina t ions  in a l a r g e  
r a n d o m - m a t i n g  populat ion with gene  f r e q u e n c i e s  A = p 
and a = q 

Mating Combina t ion  F r e q u e n c y  of  Mating 

4 AA • AA  p 

AA • Aa 2p3q 

AA • aa p2q2 

Aa • AA 2p3q 

Aa • Aa 4p3q 2 

Aa • aa 2pq 3 
2 2 aa • AA p q 

aa • Aa 2pq 3 
4 aa X aa q 

(p + q)4  = 1 
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Table 2. M a t e - e n c o u n t e r  p a t t e r n s ,  under  r andom mat ing ,  
of f e m a l e s  with the  s a m e  genotype  in a m u l t i p l e - m a t e  
s y s t e m  with mean  n u m b e r  of m a t e s  = 3 

Encoun te r  p a t t e r n  

(ma t ing  c o m b i n a -  
t ion)  

M a l e  geno types  
(p - AA, 
2qP~ =Aa , 

aa ) 

P o s s i b l e  o r d e r s  

( p e r m u t a t i o n s )  

1 (p2 , p2, p2) 1 
2 (p2 , p2,2pq ) 3 
3 (p2 , p2, q2) 3 

4 (p2 , 2pq, 2pq) 3 
5 (p2 ,2pq ,  q2) 6 

6 (2pq,  2pq, 2pq) 1 

7 (2pq,  2pq, q2) 3 

8 (2pq, q2, q2) 3 

9 (q2 , q2, p2) 3 

10 (q2 , q2, q2) 1 

c o u n t e r .  The con t r ibu t ion  to to ta l  o f f sp r ing  by the  geno-  

type  AA in a m u l t i p l e - m a t e  s y s t e m  is  ob ta ined  in a 

s i m i l a r  way excep t :  

i)  More  than 3 p o s s i b l e  ma te  e n c o u n t e r s  can  be i n -  

vo lved ,  and 

i i )  The f r equency  of each  encoun te r  i s  d e t e r m i n e d  by 

m o r e  than  2 genotypic  f r e q u e n c i e s .  

If m u l t i p l e  m a t i n g s  a r e  r e s t r i c t e d  to m a l e s ,  an 

unequal  adul t  s ex  r a t i o  i s  l i k e l y .  F o r  e x a m p l e ,  a 1 

m a l e :  3 f e m a l e  r a t i o  m a y  o p e r a t e  with each  m a l e  and 

f e m a l e  a v e r a g i n g  3 and 1 m a t i n g s ,  r e s p e c t i v e l y .  Ran-  

dom encoun te r  of f e m a l e  geno types  by the  m a l e s  

ach i eves  r andom mat ing  but such  s y s t e m s  u sua l l y  do 

not involve  s t o r e d  s p e r m .  Mul t ip le  m a t i n g s  by both 

s e x e s ,  with f e m a l e s  s t o r i n g  s p e r m ,  may  ex i s t  i ne qua l  

o r  unequal  s ex  r a t i o s  without af fec t ing  r a n d o m n e s s .  

In the  l a t t e r  s y s t e m ,  a mat ing  i s  a pool ing  of g a m e t e s  

f rom one f e m a l e  and s o m e  m e a n  n u m b e r  of m a l e s .  

Given  r a n d o m  mat ing  in a m u l t i p l e - m a t e  s y s t e m ,  

each  s u c c e s s i v e  ma te  may  have  any of 3 p o s s i b l e  geno-  

t y p e s .  Depending upon the  n u m b e r  of geno types  a n d t h e  

n u m b e r  of m u l t i p l e  m a t i n g s ,  s e v e r a l  m a t e - e n c o u n t e r  

p a t t e r n s  e x i s t .  F u r t h e r m o r e ,  if  s u c c e s s i v e  m a t e s  have  

d i f fe ren t  geno types ,  t h e i r  o r d e r  in the  ma t ing  s equence  

mus t  be t aken  into account .  Like ma t ing  f r e q u e n c i e s  in 

the  s i n g l e - m a t e  s y s t e m ,  the  f r equency  of each  d e r i v e s  

f rom the H a r d y - W e i n b e r g  genotyp ic  f r e q u e n c i e s  fo r  

the  m a t e s ,  t o g e t h e r  with the  number  of p e r m u t a t i o n s  

of the  ma t ing  combina t ion .  Without l o s s  of g e n e r a l i t y ,  

Table  3. F r e q u e n c i e s  of m a l e - e n c o u n t e r  p a t t e r n s  when 
fern a l e s  a r e  c l a s s i f i e d  by the  c o m b i n a t i o n  of geno types  
of 3 m a l e  m a t e s  

M a l e - E n c o u n t e r  F e m a l e s  

2 2 
P a t t e r n  p - A A  2 p q - - A a  q - a a  

1 p8 2p7q p6q2 

2 6p7q 12p6q 2 6p5q 3 

3 3p6q 2 6pSq 3 3p4q 4 

4 12p6q 2 24pSq 3 12p4q 4 

5 12pSq 3 24p4q 4 12p3q 5 

6 8p5q 3 16p4q 4 8p3q 5 

7 12p4q 4 24p3q 5 12p2q 6 

8 6p3q 5 12p2q 6 6pq 7 

9 3p4q 4 6p3q 5 3p2q 6 
2 6  7 8 

10 p q 2pq q 

2 2 Sum* p 2pq q 

* R e p r e s e n t s  the  c o n t r i b u t i o n s  to the  next g e n e r a t i o n  
by that  p a r t i c u l a r  f e m a l e  genotype  

a s s u m e  that  the  m u l t i p l e - m a t e  s y s t e m  has  a mean  of 

3 m a t i n g s  p e r  f e m a l e  and that  a t w o - a l l e l e  au to soma l  

l ocus  i s  being s c o r e d .  Then, unde r  r andom ma t ing ,  the  

m a t i n g  p a t t e r n  of t hose  f e m a l e s  a l l  with the  s a m e  geno-  

type ,  s a y  AA,  s h o u l d r e f l e c t  the  expans ion  (p2+2pq+q2)3 

a s  d e t a i l e d  i nT a b l e  2. C l e a r l y ,  the  f r equency  of a m a -  

t ing p a t t e r n  i s  the  o v e r a l l  p roduc t  of 4 p a r e n t a l  geno-  

typ ic  f r e q u e n c i e s  (1 f e m a l e ,  3 m a l e )  and the  number  

of p e r m u t a t i o n s  of  the  p a r t i c u l a r  p a t t e r n .  The f r e q u e n -  

c i e s  of the  10 ma t ing  p a t t e r n s  g iven  in Table 2 , for  each  

of the  3 f e m a l e  geno types ,  a r e  l i s t e d  in Table  3. It wil l  

be o b s e r v e d  f rom the bot tom of Table 3 tha t ,  a s  in the  

c a s e  of a s i n g l e - m a t e  s y s t e m ,  the  con t r i bu t i ons  to the  

to ta l  p rogeny  by the geno types  AA, Aa ,  and aa,  for  

e i t h e r  p a r e n t a l  s ex ,  a r e  p2, 2pq, and q2, r e s p e c t i v e l y .  

C l e a r l y ,  th i s  i s  to be e x p e c t e d  s i n c e  r andom mat ing  was 

a s s u m e d  to be o p e r a t i n g  within both s y s t e m s .  In any 

e x e r c i s e  where  e s t i m a t i n g  the  m e a n  n u m b e r  of ma t ings  

p e r  f e m a l e  i s  c o n t e m p l a t e d ,  the  fol lowing poin ts  should  

be c o n s i d e r e d :  

i)  F e r t i l i z a t i o n  may  beg in  b e f o r e  the  mean  n u m b e r  

of ma t i ngs  has  been  ach ieved .  

i i )  Random m o r t a l i t y  r e l a t i v e  to genotype  m a y  r e d u c e  

the  n u m b e r  of ma t i ngs  for  s o m e  f e m a l e s  below the  

m e a n  n u m b e r .  
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i i i )  Random d i f fe rences  in  f e r t i l i t y  with age may oc -  

c u r .  

However, provided that: 

i) The order of male genotypes in a mating sequence 

is random, and 

ii) There is an absence of differential viability of 

sperm with respect to genotype, the estimate of the 

mean should be free of bias. 

Moreover, systematic error is avoided if the in- 

vestigator's sampling method is random and confined 

to one generation. The last requirement is discussed 

below. 

Multiple-mate systems, particularly in the isopod 

examples cited above (Howard 1940; Johnson 1976b) 

frequently display unequal adult sex ratios. The evol- 

ution of sex r a t i o s  suggest  this  condi t ion  develops 

f rom h igher ,  but r andom,  mor t a l i t y  in one sex ( John -  

son 1976a).  Neve r the l e s s ,  the f r equenc i e s  of the m a t e -  

encoun te r  p a t t e r n s  deta i led  in Tables  2 and 3 a r e  not 

s e n s i t i v e  to changes  in the adult  sex ra t io .  

Mean Number  of Matin~s 

Many, pe rhaps  mos t ,  spec ies  engaging in  mul t ip le  

ma t ings  and s to r ing  s p e r m  also  l ive  for  r a t h e r  long 

pe r iods .  The isopods c i ted  above f requent ly  l ive  and 

s t o r e  s p e r m  for well over  a y e a r  and c o m p a r a b l e  data 

exis t  for the sna i l ,  Cepaea nemoralls ( M u r r a y  1964). 

In addit ion,  the young a re  produced  in  d is t inc t  broods  

and ind iv idua l s  f rom the i r  p a r e n t s '  f i r s t  brood may 

t h e m s e l v e s  produce  broods  while t he i r  own s ibs  ( p r o -  

bably h a l f - s i b s )  a r e  s t i l l  being produced.  An ove r l ap  

of g e n e r a t i o n s  develops  and c o m p a r a b l e - a g e d  ind iv id -  

ua is  in  a s a m p l e  may not r e p r e s e n t  the s a m e  gene ra t ion .  

A s a m p l e  may well p o s s e s s  a h igher  n u m b e r  of young 

than m a t u r e  s p e c i m e n s .  If d i f ferent ia l  su rv iva l  is  an 

impor t an t  component  of se lec t ion ,  e s t i m a t e s  of gene 

f requency  obta ined  f rom a s a m p l e  of mated  and m a t u r e  

ind iv idua l s  a r e  l ike ly  to differ  f rom e s t i m a t e s  based  

on the whole populat ion.  On this  ba s i s ,  though without 

this  explanat ion ,  I sugges ted  a s a m p l e  of homozygous 

r e c e s s i v e  f e m a l e s  of the sna i l  Cepaea nemor~lis, s tud -  

ied by M u r r a y  (1964) ,  may have offspr ing not in equ i -  

l i b r i u m  for  gene f r equenc i e s  e s t i m a t e d  f rom the whole 

populat ion ( Johnson  1976a).  M u r r a y  used  the p r o p o r -  

t ion  of phenotypes  in  s u c c e s s i v e  broods  f rom each fe -  

ma le  to e s t i m a t e  the m e a n  n u m b e r  of mat ings  pe r  fe -  

ma le .  He concluded a va lue  of 3 mat ings  was mos t  

cons i s t en t  with the data,  but gave no tes t  for  the e s t i -  

ma te .  

In a s i n g l e - m a t e  sy s t e m,  the p ropor t ions  of domi-  

nant and r e c e s s i v e  offspr ing among all of fspr ing f rom 

homozygous r e c e s s i v e  fern a les  a re :  (p2 q2+ IXt 3 ) /q2  

and (pq3.  q4 ) /q2  or  p and q, r e spec t ive ly .  P rov ided  

all the poss ib le  mate  encoun te r s  in a m u l t i p l e - m a t e  

s y s t e m  occur ,  the p ropor t ions  r e m a i n  the s ame ,  p 

and q. The populat ion gene f r equenc ie s  were  e s t i m a t e d  

by Mur ray  as p = 0.1 and q = 0 .9 .  The o b s e r v e d  off- 

sp r ing  n u m b e r s ,  f rom 35 homozygous r e c e s s i v e  moth-  

e r s ,  in the dominant  and r e c e s s i v e  c l a s s e s  were  262 

and 1,157,  r e spe c t i ve l y .  Based  on the popula t ion ' s  

gene f r equenc ie s ,  the expected n u m b e r s  of dominant  

and r e c e s s i v e  offspr ing a r e  141.9 and 1 ,277 .1 ,  r e s -  

pec t ive ly .  A X 2 c o m p a r i s o n  of these  d i s t r ibu t ions  r e -  

veals  a P < .  01 for  the devia t ion to a r i s e  by chance .  

This d i s c r e pa nc y  could have r e s u l t e d  f rom:  

i) The e s t i m a t e s  of p and q obta ined  f rom the s a m p l e  

of f e ma l e s  being di f ferent  f rom the c o r r e spond ing  va l -  

ues  for  the e n t i r e  populat ion,  o r  

i i)  Higher  r ep roduc t ive  s u c c e s s  amongst  r e c e s s i v e  

(yel low) mo the r s  i n s e m i n a t e d  by dominant  (pink) 

m a t e s .  

If the gene f r equenc ie s  were  not d i f ferent ,  then 

the p ropor t ions  of homozygous r e c e s s i v e  mo the r s  

producing  only dominant ,  both dominant  and r e c e s -  

s ive ,  and only r e c e s s i v e  offspr ing differ  between 

these  s y s t e m s .  The expected p ropor t ions  of homo-  

zygous r e c e s s i v e  f ema le s  producing  the th ree  c l a s s e s  

of offspr ing for the s i n g l e m a t e  sys t em and for  2, 3, 

and 4 mul t ip le  ma t e s  a r e  given in  Table 4. The ob-  

s e r v e d  d i s t r i bu t ion  obta ined  from the 35 f ema les ,  

Table 4. P r o p o r t i o n s  ofhomozygous  r e c e s s i v e  f emales  
producing  the di f ferent  c l a s s e s  of of fspr ing  

C las s  of Offspring 

System of Dominants  Dominants  and R e c e s s i v e s  
Mating only R e c e s s i v e s  only 

Single Mate p2 2pq q2 

Mul t ip l e -2 -Mate  p4 l_(p4§ q4 

Mul t i p l e -3 -Ma te  p6 l_(p6+q6)  q6 

Mul t i p l e -4 -Ma te  p8 l_(p8+q8) q8 
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Table 5. Homozygous r e c e s s i v e  m o t h e r s  grouped by 
c l a s s  (es )  of of fspr ing produced 

C las s  of Offspring 

2 Dis t r ibu t ion  Pink Pink&Yellow Yellow X 

Obs e r r e d  0 .0  17 18 

Expected:  

Mean = 2 3 , 5 x 1 0  .3  12 22.9  

3 3 . 5 x 1 0  -5 16.4 18.6 

4 3 . 5 •  -7 19.9 15.1 

2. 570 

�9 001 

.919 

together  with expected d i s t r ibu t ions  co r r e spond ing  to 

differ ing hypothes ized m e a n  n u m b e r s  of mat ings  per  

female ,  a r e  given in  Table 5. With an hypothes ized 

m e a n  of 3 ma t ings  pe r  female ,  the r e su l t i ng  expected 

d i s t r ibu t ion  fi ts  the obse rved  d i s t r ibu t ion  r a t h e r  well .  

However ,  the e s t i m a t e s  of p and q obta ined f rom the 

offspr ing do differ f rom the whole populat ion e i the r  

due to s e l ec t i on  as sugges ted  above or  due to the f r e -  

quenc ies  of p and q in  the pa r en t s  differ ing from the 

whole populat ion.  In e i the r  ca se ,  the p ropor t ions  of 

homozygous r e c e s s i v e  f emales  producing only domi-  

nant ,  both dominant  and r e c e s s i v e ,  and only r e c e s -  

s ive  offspr ing give a b i a sed  e s t i m a t e  of the n u m b e r  

of ma t e s  as the H a r d y - W e i n b e r g  condi t ions  do not 

ex is t .  

Stabi l i ty  of Gene F r e q u e n c i e s  

The s t r u c t u r e  of r andom mat ing  in  a m u l t i p l e - m a t e  

and s t o r e d - s p e r m  s y s t e m  depends on a l a r g e r  n u m b e r  

of mate  encoun te r s  than ex is t s  for s i n g l e - m a t e  s y s -  

t e m s .  The f requency  of c e r t a i n  mate  encoun te r s  may 

be qui te  low and in a f in i te  n u m b e r  of ma t ings ,  some  

may fail to occur .  If p = q, the low- f requency  encoun-  

t e r s  a re  equal ly  d i s t r ibu ted  among the mat ings  of AA 

and aa f emales  and the loss  of such mat ings  would r e -  

s e m b l e  a ba lanced  po lymorph i sm where  the homozy-  

gous c l a s s e s  suf fe r  a se l ec t ive  l o s s .  If p > q ,  a l a r g e r  

por t ion  of low- f requency  mat ings  exis t s  for the aa fe-  

ma le s .  A loss  of such mat ings  would push q to s t i l l  

lower  va lues .  It is  easy  to demons t r a t e ,  however ,  

that in p r ac t i c e  this  effect is  unl ike ly  to be impor t an t .  

If p = 0 .9  and q = 0.1 and if n u m e r i c a l  va lues  for  

m a t e - e n c o u n t e r  pa t t e rns  a re  computed  f rom e x p r e s -  

s ions  i n T a b l e 3 ,  t h e n f o r  a mean  of 3 ma tes ,  the f r e -  

quenc ies  for  23 of the 30 encoun te r  pa t t e rns  a re  < .  01. 

These f r equenc ies  a re  iden t i f ied  in Table 6. If all  en -  

coun te r  pa t t e rn s  with an expected f requency  < .  01 

fail to occur ,  then only 7 encoun te r  pa t t e rns  will con-  

t r ibu te  to the next gene ra t ion .  The f r equenc ies  for 

these  7 encounte r  pa t t e rns  may be d i s t r ibu ted  over  

the appropr ia te  offspr ing genotypes .  F o r  ins tance ,  

AA females  each mat ing  with 2 AA and 1 Aa ma les  

do so at a f requency  of 6p7q and they produce AA and 

Aa offspr ing in a r a t io  of 5 : 1 r e s p e c t i v e l y .  The f r e -  

Table 6. F r e q u e n c i e s  of 30 m a l e - e n c o u n t e r  pa t t e rns  (3 random encoun te r s  
per  female)  when p -- .9 and q = .1 

M a l e - E n c o u n t e r  F e m a l e s  

2 2 P a t t e r n  p 2pq q 

1 p8 = .430 2p7q = .096 p6q2 < .01 

2 6p7q = .287 12p6q 2 = .064 6p5q 3 < .01 

3 3p6q 2 = .016 6p5q 3 < .01 3p4q 4 <  .01 

4 12p6q 2 = .064 24p5q 3 = .014 12p4q 4 <  .01 

5 12p5q 3 < .01 24p4q 4 < .01 12p3q 5 < .01 

6 8p5q 3 < .01 16p4q 4 < .01 8p3q 5 <  .01 

7 12p4q 4 <  .01 24p3q 5 < .01 12p2q 6 < .01 

8 6p3q 5 < .01 12p2q 6 < .01 6pq 7 < .01 

9 3p4q 4 <  .01 6p3q 5 < .01 3p2q 6 < .01 

10 p2q6 < .01 2pq 7 <  .01 q8 < .01 
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quency of the encoun te r  is  then d i s t r ibu ted  to the AA 
7 

and Aa offspr ing as 5p7q and p q r e s p e c t i v e l y .  If th is  

opera t ion  is  p e r f o r m e d  for all the 7 pa t t e rn s  p red ic t ed  

to exist  and the genotypic f r equenc ie s  for  the offspr ing 

a re  ad jus ted  to a total  of one, the f r equenc ie s  become:  

AA, 0 .8267,  Aa, 0 .1662;  a n d a a ,  0 .0079.  In t h e c a s e  

where  the low- f requency  mate  encoun te r s  a re  not los t ,  

the f r equenc ie s  a re :  AA, 0 .81 ;  Aa, 0 .18 ;  aa, 0 .01 .  

C l e a r l y ,  the d i f fe rences  a r e  negl ig ib le .  Moreover ,  

the n u m b e r  of ma t ings  r e q u i r e d  to produce  such a loss  

is  < 100 which, in most  popula t ions ,  i s  a ve ry  low 

n u m b e r  of ma t ings  per  gene ra t ion .  
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Note added in  proof:  The p and q va lues  provided by 

p ropor t ions  of dominant  and r e c e s s i v e  offspr ing f rom 

r e c e s s i v e  female  p a r e n t s ,  r e spec t ive ly ,  a r e  e s t i m a t e s  

of p and q in ma le  pa r en t s  only.  Where  sexes  a r e  s ep -  

a r a t e  (un l ike  Cepaea ) and where  adult  m a l e s  and fe-  

m a l e s  may differ in gene f r equenc i e s ,  only ma le  gene 

f r equenc ie s  a r e  va l id  in e s t ima t ing  the m e a n  n u m b e r  

of m a t e s .  


