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SCIENTIFIC CORRESPONDENCE 

mating. Second, females may prefer 
male characteristics that are indicators of 
the genetic marker rather than the mar
ker itself. It is important to uncover the 
phenotype that females use to choose 
mates as well as the genetic qualities it 
indicates. 

ANDREW POMIANKOWSKI 

Department of Genetics and Biometry, 
University College London, 
London NW1 2HE, UK 

MARK PAGEL 

Department of Mathematics, 
Queen Mary's College, 
London E1 4NF, UK 

Porrs ET AL. REPLY - Pomiankowski 
and Pagel raise some important issues 
which space did not permit us to address 
in our paper1

. First, it is important to 
establish that of the three kinds of 
mating preferences that could account 
for our observed deficiency of MHC 
homozygous progeny - preferences for 
heterozygotes, for rarity or for disparity 
- our data support only the last of 
these. A mating advantage for males 
with a rare MHC can be excluded be
cause this hypothesis predicts an excess 
of rare homozygotes, whereas a deficien
cy is observed (in preparation). 

A mating advantage for MHC
heterozygous males would, as Pomian
kowski and Pagel suggest, result in a 
deficiency of MHC-homozygous off
spring, but only if populations are in 
Hardy-Weinberg equilibrium; ours were 
not. They were founded with equal num
bers of MHC heterozygotes and 
homozygotes to enhance tests of the 
overdominance hypothesis. So, even 
under the extreme and demonstrably 
false (see below) assumption that 
females reject all MHC-homozygous 
males, the expected number of MHC 
homozygous offspring does not differ 
significantly from random mating ex
pectations. Consequently, a mating 
advantage for MHC-heterozygous males 
could not explain our observed defici
ency of homozygous progeny. 

In addition, the following data directly 
test the examples cited by Pomiankowski 
and Pagel. First, the mean territory size 
for MHC-heterozygotes (8.8 m2

) does 
not differ from homozygotes (9.6 m2

), so 
random encounter rates by females 
would accurately reflect true genotypic 
proportions of territorial males. In fact, 
random extraterritorial matings would 
have produced fewer MHC-hetero
zygous offspring due to the nonrandom 
settlement patterns favouring MHC
disparate pairs1

. Second, for the extra
territorially mating females in Table 3 of 
ref. 1, mating was random with respect 
to MHC homozygosity or hetero
zygosity of males (i=0.05, P=0.82). 
But these matings showed an MHC-
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disassortative pattern which departed 
significantly from the random expecta
tions proposed by Pomiankowski and 
Pagel (r=s.oz, P=0.025). 

Pomiankowski and Pagel are con
cerned that the reason for MHC dis
assortative mate choice is undercut if 
MHC heterozygotes are not fitter. In 
general, we agree with this concern, but 
it is possible that MHC heterozygotes 
enjoy a fitness advantage too weak to be 
detected with the sample size of our 
studl. For example, a selection coeffi
cient of s=0.01 operating against 
homozygotes would be undetectable in 
our system, but would be a strong evolu
tionary force favouring MHC-based mat
ing preferences2

• Alternatively, our 
manipulation of genome-wide inbreeding 
(Table 1 of ref. 1) resulted in detectable 
levels of inbreeding depression. Thus, 
fitness consequences of MHC-based in
breeding avoidance may still be detect
able in experiments similar to ours. 

Finally, Pomiankowski and Pagel raise 
the problem of distinguishing prefer
ences for correlated characters from 
characters directly dependent on MHC. 
This is a general problem when a single 
class of mates is preferred, but under 
disassortative mating every class of 
prospective mates are preferred by some 
class of choosers. For example, a prefer
ence for vigour could favour heterozy
gotes or rare males, but it could not lead 
to disassortative patterns because such 
preferences depend on the chooser's 
genotype. 

Correlated characters arising from 
linked genes offer one remaining prob
lem, which has been addressed by 
numerous genetically controlled experi
ments demonstrating that classical MHC 
loci are dominant in controlling indi
vidual odours3 and in influencing labora
tory mating preferences3

•
4

. These experi
ments make use of F2s from congenic 
strains, specific mutations within the 
MHC, cross-fostering (reviewed in ref. 
3) and germ-free mice5

• Combining 
these results with the considerations dis
cussed above makes it unlikely that 
MHC-based mating preferences result 
from either correlated characters or 
genes other than MHC loci themselves. 
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Sustainable 
populations? 
SIR - Hoppe's provocative assertion 
that "Brazil has no population press
ure ... " (Nature 355, 593-594; 1992) 
begs the question of how overpopulation 
can be recognized. Subjectively chosen 
indicators might perhaps include non
sustainable internal consumption of re
sources, mass starvation or un
employment. 

Ecologists, economists and politicians 
might have different opinions as to 
whether an area is, or will become, 
overpopulated. I trust that most geolo
gists, and Hoppe, could recognize popu
lation pressure long before the density of 
people is sufficient to inhibit their 
mining projects! 

The crucial but controversial issue of 
the sustainable population of individual 
countries, and of the globe, demands 
international and interdisciplinary agree
ment; the forthcoming environmental 
summit in Brazil should be a suitable 
venue for discussion. 
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SIR - Hoppe1 is wrong in his view that 
Amazonian rain forests cannot be ex
ploited sustainably. Tropical rain forests, 
just like others, are dynamic eco
systems2. Trees are continuously dying 
individually or in groups to create 
canopy gaps that are the first stage of 
a growth cycle. Gaps are colonized 
by seedlings that grow up eventually 
to form a new mature forest. This is 
well known to foresters who have 
developed silvicultural systems that work 
within the inherent biological limits and 
allow the harvesting of trees as they 
mature. 

Such systems are well established in 
the Asian rain forests3 and have recently 
been devised for the neotropics4·5 . Eco
nomic exploitation is sustainable so long 
as it is carefully conducted to minimize 
erosion, soil compaction and damage to 
juvenile trees that will form the next 
growth cycle. Careless or excessively 
heavy exploitation delays recovery but 
does not destroy forest. What does des
troy forest is its conversion to either 
crops or pastures. For timber extraction 
roads are built and often destruction 
occurs because these give access to 
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