SCIENTIFIC CORRESPONDENCE

Clutch size and malaria resistance

Sir — It was suggested more than a decade
ago that the cost of egg production may be
a major factor in the evolution of clutch
size in birds', and that although this cost is
a fundamental assumption of theories on
the evolution of life-history patterns, it had
not yet been adequately tested"”. Man-
ipulation of the rate of egg-laying is a pre-
requisite for demonstrating this cost, but
has been considered technically difficult’.
Here we provide the first experimental
evidence for a trade-off between egg pro-
duction and parasite defence in the great
tit (Parus major), a classic model species in
the study of life-history evolution.

We removed the first two eggs laid in
half the nests of our breeding population.
Females in this experimental group there-
fore compensated by laying, on average,
one more egg than females in a control
group (a in the figure), but raised, on
average, one offspring less (b in the fig-
ure). Fourteen days after their chicks had
hatched, we assessed the prevalence of
Plasmodium in the peripheral blood-
stream of females.

Plasmodium is a malarial parasite that
is common in the population of birds we
are studying, and which potentially
impairs survival and future reproduction®*
of its host. If there is a trade-off between
egg production and parasite defence, one

a, Mean number of eggs (* s.e.) laid by
females of a control group (n = 41 broods)
and an experimental group in which the
first two eggs were removed the day of lay-
ing (n =35 broods). Females of the test
group produced a larger clutch than
ferales of the control group (t=1.99; 74
d.f.; Poaies = 0.05). There was no differ-
ence between the two groups in mean
hatching date (mean difference =0.5
days; t =0.30; 67 d.f.; Poygieq = 0.76). b,
Mean number of nestlings (% s.e.) 14 days
post-hatching in the control group (n = 37)
and in the test group (n = 33). Females of
the test group raised significantly fewer
chicks than did females of the control
group (t= 3.06; 68 d.f.; Psyieq = 0.003).
¢, Prevalence of Plasmodium spp. (+ 95%
confidence limits of binomial distribution?)
in male (open bars) and female (shaded
bars) great tits in the test group (n = 30)
and the control group (n = 35). Manipu-
lation significantly affected the prevalence
of Plasmodium spp. in females (x* = 6.49;
1d.f; P = 0.011), but not in males
(x* = 0.30; 1 d.f.; P=0.59). Parents were
caught with a door trap at the nestbox
when nestlings were 14 days old. A drop
of blood was taken from the brachial vein
and a thin smear produced on a glass
slide. Slides were air-dried, fixed with
absolute methanol and stained with
Giemsa stain. Each slide was screened
with a light microscope under oil immer-
sion for 10 min, and Plasmodium spp.

would predict a higher prevalence of para-
sites in the females of the experimental
group, as they laid a larger clutch. Prev-
alence in males of the experimental group
should not increase, because the number
of offspring to be raised is no greater than
in the control group. We found that an
increase in the clutch size by one egg leads
to an increase in the prevalence of
Plasmodium from 20% in the control
females to 50% in the experimental
females (¢ in the figure), thus supporting
the hypothesis of a trade-off between egg
production and parasite defence. As
expected, there was no difference in the
prevalence of Plasmodium in males of the
two groups (c in the figure).

Evolutionary theory predicts that the
optimal clutch size is the result of a trade-
off between current and future reproduc-
tion*™®. At the physiological level, this
trade-off predicts that parents investing
heavily in their current offspring will have
fewer resources to allocate to parasite
defence, thereby impairing their future
reproduction’. For birds, the studies in
which clutch or brood size were experi-
mentally manipulated after egg-laying
have shown that the clutch size giving rise
to the most recruits is larger than the most
common clutch, but has produced only
equivocal evidence for a general trade-off
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scored as present or absent. The experiments were performed in a stable breeding pop-
ulation of great tits around the campus of the University of Lausanne, in spring 1995.
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The cost of eg production in birds such as the
great tit (Parus major) shown here may be an
important factor in the evolution of clutch size.

in life-history between current and future
reproduction®".

It was stated recently that “all brood
size manipulations ignore costs incurred
earlier in the life history — in particular
the cost of producing eggs, which might
well affect the results of brood manipu-
lation experiments” (p.158 of ref. 2). Our
results support this contention, and pro-
vide evidence that the cost of egg produc-
tion may be an important factor in the
evolution of optimal clutch size in birds.
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