
SCIENTIFIC CORRESPONDENCE 

reduced stimuli look uniform in hue to a 
colour-normal observer, as they are 
assumed to look to a dichromat. 

The availability of computer-controlled 
colour displays has allowed us to develop 
something that has often been asked for 
by nonspecialists - a simulation of how 
the dichromat perceives a complex 
coloured scene. Our algorithm should be 
of value to those who prepare display 
screens and colour-coding systems for use 
by the public. Although the quality of 
another's sensations can never fully be 
known, the present simulation illustrates, 
for the normal observer, the range of the 
daltonian's colour experience. 
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How 'bad genes' 
survive 
SIR - Wilcockson et al. 1 report the results 
of a study of genetic variance of body size 
in the seaweed fly (Coelopa frigida); large 
males are preferred by females in mating. 
Most of the genetic variance is expressed 
in males and is located in the o:f3 heter­
otic-inversion system. The authors state, 
"Because heterotypic larvae exhibit sup­
erior viability, mate preferences based on 
size could generate fitter offspring, a 
slightly unusual type of 'good genes' 
female choice." 

The fact that there is considerable addi­
tive genetic variance for size indicates that 
large size itself is not heterotic, and the 
authors do not say this. The suggestion of 
some kind of female choice in a heterotic 
system does, however, highlight a problem 
with the 'good genes' theory. The question 
is: what maintains the genetic variation 
from which the females choose? Why 
are 'bad genes' present to be rejected? 
Ewens2 has shown that, at equilibrium, for 
a range of selection regimes there is no 
additive genetic variance for fitness. 
Charlesworth3 has discussed this in 
relation to the 'female choice' problem. 

For the two-allele heterosis case, it is 
easy to show that, at equilibrium, with ran­
dom mating the fitness of the offspring 
mated to the superior heterozygous males 
is the same as that of females mated to 
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FITNESS OF THE OFFSPRING OF FEMALES 
MATED TO MALES BEARING ALLELES 

A1 AND/OR A2 

A1A1 A1A2 A2A2 
males males males 

Female 
offspring 0.6775 0.6770 0.6740 

Male 
offspring 0.6084 0.6101 0.6117 

either one of the two inferior homozygotes 
and is equal to 1 -s(t/(s+t)), wheres and t 
are the selection coefficients against the 
two homozygotes relative to the heterozy­
gote. If females choose to mate with the 
superior heterozygous males, then there is 
additional sex-limited heterosis in the 
males. This case cannot be solved analyti­
cally, but is amenable to simulations. For 
example, if the relative viabilities of the 
three genotypes in both sexes are 0.3, 1 and 
0.4 and the relative mating successes of the 
male genotypes are 0.5, 1 and 0.7, the 
equilibrium frequencies of the three adult 
genotypes are 0.0938, 0.7339 and 0.1720. 
The table shows the mean fitness, at equi­
librium, of the offspring of the females 
depending on the males to which they 
mate. The male offspring fitnesses include 
their future mating success and are lower 
because of the increased selection against 
the homozygotes relative to heterozygotes. 

A survey of parameters involving more 
or less intense selection and symmetric as 
opposed to asymmetric selection on 
homozygotes gives the same result of 
essentially equal offspring fitnesses. The 
extremely slight differences in offspring fit­
ness always show the offspring of preferred 
heterozygous males as being intermediate. 

We emphasize that this is not meant to 
be a model of the seaweed fly system 
which is more complicated, including 
polygenic variation. We do propose, how­
ever, that the same problem applies when 
variation is maintained by simple balanc­
ing selection. The purpose of this simple 
exercise is to provide a reminder of a the­
oretical conundrum posed by the cause of 
variation in 'good genes' theories. 
Charlesworth3 and others have suggested 
solutions to this problem, such as 
cycling variation, migration, antagonistic 
pleiotropy and mutation selection equilib­
rium; these possibilities should be pursued 
when female choice is encountered. 
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WILCOCKSON ET AL. REPI.Y - 'Good genes' 
sexual selection usually refers to the selec­
tion of mates with high genetic quality, and 
the subsequent production of progeny of 
high fitness. In spite of the general accep­
tance of good genes as an explanation for 
female mate choice (particularly outside 
the specialist genetic literature and in 

popular television programmes), there are 
serious difficulties in understanding exact­
ly how it could work as an evolutionary 
process3• The problem is that classical 
population-genetic theory predicts that no 
additive genetic variation of fitness should 
exist at equilibrium; and yet we have 
demonstrated high heritability for a sexu­
ally selected character, male size1• This 
apparent contradiction is resolved if it is 
recognized that fitness is a theoretical con­
cept of which experimental biologists can 
only measure components. In addition, 
Pomiankowski and M0ller4 have recently 
provided a theoretical basis for under­
standing how genetic variability in sexually 
selected traits could be maintained. 

We suggested that in seaweed flies 
there exists a "slightly unusual type of 
good genes female choice". If females 
prefer to mate, not with males of high via­
bility as in the model of Prout and Eaton, 
but with the less viable homozygotes 
( strictly speaking, homokaryotypes ), and 
if females mate disassortatively, then the 
progeny produced are indeed fitter. In 
heterotic systems, homozygous females 
mating with males homozygous for a dif­
ferent allele produce heterozygous off­
spring with the highest viability. The 
mating preferences of heterozygous 
females are of little consequence in terms 
of offspring viability. Observations on 
some, though not all, natural populations 
of seaweed flies suggest that females do 
exhibit such a pattern of mating6• This 
means that males cannot be said to have 
'good' or 'bad' genes; it is the complemen­
tarity of sperm and eggs that is important. 

In seaweed flies, beauty is in the eye of 
the beholder, and is judged on the basis of 
size. Although size itself is not heterotic, 
its major genetic determinant, a polymor­
phic chromosomal inversion system, is. 
Furthermore, the genes determining 
female preference may well be in linkage 
disequilibrium with this same inversion 
system7•8• It will be interesting to see if 
heterotic systems in other species are sub­
ject to 'good genes' sexual selection of this 
sort. Perhaps we shall be proved wrong in 
saying that mate choice in female seaweed 
flies is of an unusual type. 
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