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SCIENTIFIC CORRESPONDENCE 

atnwspheric pCO: variations of about 
t\HHhirds the magnitude of the about 90 
p.p.m. glacial-interglacial pCO: 
difference';. Models to explain these 
glacial-in-terglacial \·ariations in atmos
pheric CQ, hm e centred on changes in 
ocean cin.:t~lation-. but no entirelv ~ satis
factory explanation has yet bee-n pro
posed. Recent evidence that volcanic 
eruptions mav follow a -23.000-vr cvcle" 
(perhaps as ~~ result of changes iil sea 
level)q suggests possible orb\tal pace
makers for volcanic CO, emissions. 
Could a few volcanoes s~ch as Etna 
significantly affect the atmospheric 
CO, concentration on the 104-105-vr 
timescale'! ~ 
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More questions on 
forest dec I i ne 
SIR- Ross and De Serves1 criticize the 
recent proposal by Becker et a!. 2 that 
H 20 2 formation via the reaction of ter
penes with ozone in the presence of 
water could make a significant contribu
tion to the mixed-layer H 20 2 budget, 
thereby contributing to forest decline. 
We agree that the yields reported by 
Becker et a!. are too low to make a 
significant contribution to the H 20 2 
budget of the mixed layer compared 
to H20 2 formation via peroxy radical 
disproportionation. 

Becker et at. in their repli to the 
criticism by Ross and De Serves suggest 
that the true yields may be much larger 
than their reported values because, for 
the high concentrations of reactant used 
by them, the reaction of the Criegee 
biradicals with aldehydes produced in 
the reaction would compete with their 
reaction with water. But the indepen
dence of the H20 2 yields over a wide 
reactant concentrations range, as rc-
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ported by Becker ct a/., implies that such 
a competition cannot be important under 
their conditions. Our recently reported 
significantlY higher yields for the forma
tiZlll of H)J2 ~ia tl~c new proccss4 sug
gests that under some conditions that 
contribution of this process to the mixed 
layer H20 2 budget may not be negligi
ble. Using fluxes for terpenes quoted by 
Ross and De Serves, for example, and 
assuming that about 25% of the {3-pinene 
and about 50% of the other terpenes are 
oxidized by reaction with ozone5

, the 
rate of HoO, formation is estimated to 
be about S2 parts Rer 10 12 by volume per 
hour (p.p.t.v. h- ) in the mixed layer. 
This can be compared to 95 p.p.t.v. h- 1 

calculated for the disproportionation 
process for a H02 concentration of 20 
p.p.t.v. (ref. 6). 

Becker et a!. 3 suggest that our 
observations of high H 20 2 yields are due 
to interference from ozone in the wet 
chemical system used for peroxide analy
sis. There is no basis for this conclusion. 
Previous studies have shown that 
interference by ozone using the 

fluorimctric method for II,()., tktcr
mination is very smale. Thi~ ~as con
firmed in our experiments. Introduction 
of 150 parts per 10'1 ozone into the 
reaction chamber in the ;;bsence of 
alkene initially indicated the formation 
of about 70 p.p.t.v. of 11 20 2 which 
rapidly decreased to about 30 p.p.t.v. 
This corresponds to less than l rYr1 of the 
H20 2 formed in the experiments in the 
presence of alkene. 
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Maintenance of MHC polymorphism 
SIR - Although the finding of Hill et 
al. 1 , that specific human class I and class 
II MHC alleles are associated with resis
tance to Plasmodium falciparum malaria, 
is of undoubted importance, their inter
pretation of the evolutionary mechan
isms underlying their firldings is ques
tionable. Hill et a!. give the impression 
that their data may favour the hypothesis 
of frequency-dependent rather than 
overdominant selection as the mechan
ism of maintenance of MHC polymorph
isms. In fact, their data are not consis
tent with the former hypothesis, and 
their study does not constitute a true test 
of the latter. 

The overdominance hypothesis2.3 de
pends on the exposure of the population 
to two or more pathogens (either sepa
rate species or antigenically distinct 
strains of the same species) to which 
different MHC alleles confer resistance. 
We previously wrote: "As a particular 
class I antigen may provide enhanced 
recognition of a particular pathogen, 
individuals expressing various types of 
class I antigen may have a selective 
advantage in a population exposed to a 
diverse array of pathogens; such indi
viduals will be those which are heterozy
gous at most or all loci"1

. On this 
hypothesis, one would expect to find (as 
Hill et at. report in the case of HLA
Bw53) that heterozygotcs for an allele 
conferring resistance to a single 
pathogen are no more resistant to that 
pathogen than arc homozygotes for the 
same allele. In fact, P. falciparum 
populations are polymorphic with re
spect to proteins that elicit an immune 

response4
, and it is conceivable that 

different MHC alleles confer resistance 
to different strains of this parasite. But 
because Hill et al. did not consider 
polymorphism in P. falciparum and did 
not study other pathogen species, their 
results are not directly relevant to the 
overdominance hypothesis. 

In the case of class II MHC haplo
types, Hill et al. present evidence that, 
among individuals having the protective 
DRw13.02 haplotype, there is a higher 
proportion of heterozygotes among 
those with severe malarial anaemia than 
among mild controls. This suggests that 
the fitness of Drw13.02 homozygotes is 
higher than that of DRw13.02 hetero
zygotes. If this is true, it has nothing to 
do with the maintenance of MHC poly
morphism. In the absence of other 
factors, such as the presence of other 
pathogens to which other haplotypes 
confer resistance, these apparent fitness 
values amount to an absolute advantage 
for the DRwl3.02 haplotype. Therefore, 
if no other factors are involved, the 
result should eventually be fixation of 
the DRw13.02 haplotype. 

Furthermore, it is worth noting that 
the data of Hill et a/. provide no support 
for the hypothesis of frequency
dependent selection. The only model of 
frequency-dependent selection that is as 
effective as that of ovcrdominant selec
tion for maintaining the type of multi
allelic, long-term polymorphism charac
teristic of the MHC is a model of rare 
allele advantage'- But the data of Hill et 
a!. for both class I and class II show that 
the protective alleles have high frequen-
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