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Is clutch size individually optimized?
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Brood size manipulations were carried out to test whether clutch size variation in individual great tits (Parus major) controlled
for laying date was tuned to their phenotypic quality and/or local food abundance (individual optimization hypothesis; IOH).
Broods with different original clutch sizes, but equal hatching dates, were manipulated to a common brood size. A third brood
was kept as a control. Under the IOH, we expected a positive association between reproductive success and original clutch size.
Fledgling production varied in an inconclusive way after manipulation, with data from 1 out of 3 years favoring the IOH. The
effect of manipulation on the probability of a second clutch was consistent with the IOH in another 1 out of the 3 years. When
fitness accrued to second broods was also taken into consideration in terms of annual fledgling production, results from 2 out
of 3 years tended to support the IOH. There was no effect of the manipulation on fitness (estimated as the number of recruits
plus parents breeding in the next season). Both the clutch component (local recruitment) and the parental component (survival
till next breeding season) varied inconclusively with respect to the IOH. On the basis of fitness measurements, the IOH could
not be confirmed as an explanation for clutch size variation in this population. In 2 out of 3 years one of the three fitness
components measured varied in accordance with the IOH. Overall the evidence for the IOH in this data set is therefore weak.
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Individual optimization of clutch size implies that phenotyp-
ic plasticity in clutch size is adaptive (Drent and Daan,

1980; Högstedt, 1980; Lessells, 1991; Perrins and Moss, 1975;
Pettifor et al., 1988). This means that individuals adjust clutch
size to their circumstances, and that any deviation from the
chosen clutch size reduces fitness (the individual optimization
hypothesis; IOH). To prove the IOH unambiguously, we face
the enormous task of manipulating clutches of different sizes
and measuring subsequent fitness consequences for both the
offspring and the parents. Such an experiment supports the
IOH if manipulation always lowers the sum of offspring and
parental fitness, independent of the original clutch size. In
this study we tested an aspect of the IOH using brood size
manipulations in the great tit. In this approach birds get
‘‘free’’ chicks, and it thus assumes that fitness costs and ben-
efits are primarily derived during the nestling phase or later
and are not associated with the egg-laying or incubation pro-
cess. Because Monaghan and Nager (1997) showed that in a
number of species egg laying does incur a cost, experiments
to validate this assumption in the great tit are necessary.

From experimental studies where fitness consequences of
variation in clutch size were measured, evidence has accu-
mulated that clutch sizes were optimized at the individual lev-
el in a number of species. Högstedt (1980) showed that fledg-
ing success in magpies Pica pica was maximized for the orig-
inal clutch size. In an English great tit study, Perrins and Moss
(1975) showed that artificially large broods had lower recap-
ture rates per brood than natural large broods, while reduced
broods did better when compared with the natural small
broods. These data point at a positive relation between the
ability to raise a brood and original clutch size. Pettifor et al.
(1988) followed up this work. They did not find brood size
manipulation effects on parental survival. Recruitment rate
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(offspring returning to breed) per brood peaked around non-
manipulated clutch sizes, again pointing at individual opti-
mization. In the blue tit Parus caeruleus, Pettifor (1993)
showed similar results for offspring recapture rates (after 3
months) per brood. In a Dutch great tit study, Tinbergen and
Daan (1990) showed that there was an effect of manipulation
on both offspring and parental fitness. Brood size reduction
and enlargements reduced total fitness, but fitness was posi-
tively related to natural variation in clutch size. The combi-
nation of these results again suggests individual optimization
of clutch size. In the collared flycatcher Ficedula albicollis,
Gustafsson and Sutherland (1988) showed that the nonman-
ipulated clutch size produced more recruits than an enlarged
or reduced clutch, and, in addition, that for natural clutch
sizes there was a positive relationship between clutch size and
the number of recruits. In the kestrel Falco tinnunculus, Daan
et al. (1990) showed that the seasonal decline in clutch size
could be explained by individual optimization. In contrast to
these data supporting the IOH, Nur (1986; but see Pettifor,
1993) did not find evidence in blue tits for individual opti-
mization, and in an island population of great tits, Verhulst
(1995) showed that brood reduction increased fitness, leading
to the conclusion that clutches were larger than optimal. Also,
Lessells (1986) did not find evidence for individual optimi-
zation of clutch size in the Canada geese Branta canadensis.

As mentioned, there is evidence that individual optimiza-
tion occurred in our study population (Tinbergen and Daan,
1990). We based our argument on a rather complex analysis
of the different fitness components involved and calculated
the overall effect of clutch size on the sum of offspring and
parental fitness. Theoretically this approach is correct, but the
drawback is that direct statistical tests cannot be applied. We
felt that a more direct test to show the existence of IOH was
appropriate.

In this study, in contrast to earlier studies, we manipulated
different clutch sizes to a common brood size and controlled
for hatching date by analyzing the manipulation effects within
the manipulation set. Each set contained the two nests be-
tween which we exchanged young, in most cases supplement-
ed with the control nest. We concentrated on the aspect of
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Table 1
Mean values for each of the manipulation categories for the important parameters

Enlarged

Mean SD n

Control

Mean SD n

Reduced

Mean SD n

Clutch size 7.36 2 58 8.63 1.46 41 10.74 1.35 57
Young born 6.29 2.04 58 7.51 1.86 41 9.37 2.02 57
Young after manipulation 7.67 1.75 58 7.15 1.68 41 7.72 1.73 57
Fledgling mass (g) 15.73 2.14 51 15.62 1.87 38 15.98 1.82 45
Fledgling tarsus (mm) 19.25 0.74 50 19.24 0.95 38 19.44 0.67 45
Number fledged 4.66 2.84 58 4.19 2.4 41 4.67 3.12 57
Local survival male 0.38 0.49 53 0.41 0.5 39 0.23 0.42 53
Local survival female 0.43 0.5 58 0.49 0.51 41 0.46 0.5 57
Number of recruits per nest 0.41 0.7 58 0.24 0.66 41 0.25 0.47 57
Fitness 1.24 0.97 53 1.21 0.98 39 0.87 0.73 53

the IOH that original clutch size is adjusted to phenotypic
quality and/or food abundance, and clutch size therefore
should correlate with the chick-raising ability of that parent.
Because we do not test whether fitness is reduced after either
reduction or enlargement of brood size, the tests cannot be
regarded as a test of the IOH in general. Furthermore, we
specifically tested for clutch size variation independently of
date. On one hand, this approach reduced the variation in
clutch size used; on the other hand, the outcome is not af-
fected by date-dependent processes such as juvenile dispersal.
If clutch size is not adjusted to phenotypic quality (including
environment), fitness after manipulation of two different
clutch sizes to one common brood size should not depend on
the original clutch size. However, if clutch size was adjusted
to phenotypic quality, we expected the fitness after manipu-
lation to be positively related to the original clutch size. Thus,
under the IOH we have the expectation that birds that laid
large clutches would do better than birds that laid smaller
clutches when facing an identical task: raising an equal num-
ber of offspring.

METHODS

Study area

The experiments were carried out in the Hoge Veluwe in the
central Netherlands. The study area covers 171 ha of mixed
wood, with oak and pine as the dominant tree species, in
which about 400 nest-boxes were provided. The nest-boxes
were checked at least weekly during the breeding season from
the beginning of April until mid-July. For a more detailed
description of the study area and the nest-box inspections, see
Van Balen (1973).

The great tit is an 18-g, hole-nesting passerine, common in
woodlands in Europe and large parts of temperate Asia. In
our area great tits sometimes start a second breeding attempt
after successfully raising a first brood; low breeding densities
and breeding early in the season enhance the probability of
a second clutch (Kluyver, 1951). After failure of the first
brood, most great tits start a repeat clutch.

Manipulation experiments

Manipulation experiments were carried out in 1988, 1991,
and 1992 with the goal of equalizing the brood size of pairs
that had laid clutches that differed in clutch size. In addition,
one control nest with intermediate clutch size was chosen. We
inspected nests daily at the time the eggs were expected to
hatch in order to obtain hatching date. Chicks were ex-
changed between sets of two or three nests with different

clutch sizes that hatched on the same date. We did not com-
pensate for hatching failure by adding chicks from other nests
because most individuals do experience hatching failure of
one egg or more (two-thirds of the population). The propor-
tion of eggs not hatched was independent of clutch size (lo-
gistic regression, p . .5); the number of nonhatched eggs was
dependent on clutch size (Poisson regression, p , .02). A bird
‘‘choosing’’ a particular number of eggs is expected to antic-
ipate the hatching failure. Before manipulation the chicks
were marked so that they could be recognized at ringing
(nestling age 7 days, hatching date 5 day 0). Experimental
sets of three nests were composed of clutches with the same
difference between smallest and the control and between the
control and largest clutches. One to four days after the first
egg hatched (mean 5 2.11, SD 5 0.83), we manipulated all
broods within an experimental set to the same brood size. To
control for possible genetic and maternal effects, chicks were
transferred between broods so that no brood contained more
than half of its original chicks. The manipulation resulted in
experimental sets having a reduced brood (the original larg-
est clutch), an enlarged brood (the original smallest clutch),
and usually having a control brood (the intermediate clutch
size). Within broods there was no difference between the ini-
tial (paired t test, t 5 20.41, df 5 103, p 5 .68) or final (t 5
20.41, df 5 99, p 5 .68) mass of the additional chicks com-
pared to the host chicks, nor in the final tarsus length (paired
t test, t 5 20.88, df 5 102, p 5 .38). No differences in survival
between own and manipulated young were found, nor was
there a correlation between the clutch size of the real parents
and offspring survival.

In 1988, 1991, and 1992 the number of broods used was 51
(17 sets), 46 (16 sets), and 59 (25 sets), respectively. Clutch
size, the absolute difference between clutch size and brood
size after manipulation, nestling survival, nestling growth, re-
cruitment rate, and the occurrence of second broods all var-
ied significantly between years (clutch size, F2, 153 5 37.12, p
, .001; manipulation F2, 153 5 7.27, p 5 .001; see Results for
statistics on other variables). We believe that this variation be-
tween years is important in the interpretation of clutch size
optimization, and therefore most analyses have been carried
out for each year separately. An overview of the most impor-
tant parameters measured per manipulation category is given
in Table 1 as a summary over all years.

Fitness measurements

As the fitness measure of a brood, we used the sum of off-
spring and parents produced in the year of study that were
recovered in the next year’s breeding population. The off-
spring of second and repeat clutches were included when pro-
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Table 2
Two-way analysis of variance of mean fledgling mass of great tit
broods in three experimental years on the Hoge Veluwe

Year

Between
experimental sets

F df p

Within experimental
sets: treatment

F df p

1988 2.17 16, 27 .02 0.19 2, 27 .83
1991 1.53 14, 16 .16 0.72 2, 16 .50
1992 1.35 24, 28 .18 1.31 2, 28 .29

The treatment effect is always analyzed after fitting the between
experimental sets effect.

Table 3
Two-way analysis of variance of mean fledgling tarsus length per
great tit brood in 3 experimental years on the Hoge Veluwe

Year

Between
experimental sets

F df p

Within experimental
sets: treatment

F df p

1988 1.76 16, 27 .07 2.19 2, 27 .13
1991 0.92 14, 16 .55 0.47 2, 16 .63
1992 1.23 24, 27 .26 1.07 2, 27 .36

The treatment effect is always analyzed after fitting the between
experimental sets effect.

Table 4
Logistic regression of nestling survival fractions in the brood size
experiments

Year

Between
experimental sets

F df p

Within experimental
sets: treatment

F df p

1988 3.262 16, 32 ,.005 3.398 2, 32 .05
1991 1.316 15, 28 .26 0.698 2, 28 .51
1992 1.487 24, 32 .15 0.411 2, 32 .67

Each year is analyzed separately. For each factor, both the F values
after Williams correction for overdispersion and the p values are
given. The treatment effect is always analyzed after fitting the
between-experimental sets effect.

duced by the female. Longer lasting effects of manipulation
have not been shown in this population (Tinbergen and
Daan, 1990). Because offspring and adults differ in the rate
of dispersal, we analyzed, in addition to total fitness, each of
the components separately.

Breeding adults were identified on the basis of their rings,
allowing us to estimate the probability of the parents having
a second brood in the same year, or survival to the following
year, and of the offspring surviving and breeding in the study
population (hereafter called ‘‘local recruitment’’). To analyze
effects of manipulation in more detail, a number of additional
measurements were used: survival rates of offspring in the
nest and mean fledgling mass per nest (at brood age of 14 or
15 days), together predictors for recruitment (Tinbergen and
Boerlijst, 1990).

ANALYSES

All analyses were performed on mean values per nest. To con-
trol for differences in hatching date and initial condition of
the chicks, comparisons were made after controlling statisti-
cally for the experimental sets. Binomial variables, such as sur-
vival rates or probability of having a second brood, were an-
alyzed using logistic regression. Where appropriate, Williams
correction or an F test was used to correct for overdispersion
(Crawley, 1993). We used log-linear models with a Poisson er-
ror (Poisson regression) to analyze fitness variation. All sig-
nificance tests are two-tailed, unless otherwise stated. In anal-
yses where data of the different years were tested simulta-
neously, we tested the interaction term between year and ex-
perimental treatment. Nonsignificant interaction terms are
not mentioned in the text.

RESULTS

Nestling mass

Fledgling mass differed between years (ANOVA, F2, 131 5 6.87,
p 5 .0016). Within years, only in 1988 was there a set effect
(Table 2), with later fledglings being lighter. After controlling
for set, there was no effect of manipulation in any of the
years (Table 2). Tarsus lengths differed between years (AN-
OVA, F2, 130 5 20.37, p , .001), but not between sets or ma-
nipulation (Table 3).

Nestling survival

Nest failure rates (no chicks fledged) did not differ between
years, nor between sets (logistic ANOVA, x 5 2.5, p . .5,2

2

x 5 55.6, p . .5). Taking all years together, nest-failure rates2
57

differed significantly between manipulation categories after
controlling for set (logistic regression, x 5 13.69, p 5 .0016).2

2

Nest failure rates for enlarged, control, and reduced clutches
were 10%, 5%, and 21%, respectively.

Nestling survival differed significantly between years
(means: 1988, 65%; 1991, 44%; 1992, 68%; F2, 153 5 6.15, p 5
.003). Nestling survival was affected by manipulation in 1988,
but not in the other years (Table 4). This effect was in the
direction predicted under the IOH: the survival rates for en-
larged, control, and reduced clutches were 53%, 70%, and
74%, respectively. Excluding the failed nests from the analysis
of nestling survival did not qualitatively alter the results of the
treatment effect.

Occurrence of second broods

The occurrence of second broods after parents had success-
fully fledged a first brood differed significantly between years
(logistic ANOVA, x 5 42.22, p , .001, percentages for 1988,2

2

1991, and 1992 were 0%, 17%, and 47%, respectively). Only
in 1992 was there both a set effect (x 5 37.9, p 5 .035) and2

24

a manipulation effect (x 5 11.46, p 5 .0033): the percentage2
2

of second broods for enlarged, control, and reduced broods
were 33%, 57%, and 60%, respectively. The results for 1992
are in accordance with the IOH.

Total number of fledglings in the whole breeding season

The total number of fledglings (including first, second, and
repeat clutches) produced during the breeding season dif-
fered between years (ANOVA, F2, 153 5 35.8, p , .001). Within
years it only differed in 1988 between the sets (ANOVA, 1988:
F16, 32 5 3.45, p 5 .0014; 1991: F15, 39 5 0.60, p 5 .85; 1992:
F25, 32 5 1.01, p 5 .48), and controlled for years and sets, there
was no treatment effect in any of the years (ANOVA, 1988: F2, 32

5 2.79, p 5 .076; 1991: F2, 30 5 0.18, p 5 .83, 1992: F2, 32 5
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Figure 1
Total number of fledglings
produced from equal brood
sizes for each year and manip-
ulation category. Means and
SEs are given. 1 5 enlarged
(original clutch size small); 0
5 control; 2 5 reduced (orig-
inal clutch size large).

Figure 2
Fitness produced after manipulation to equal brood size as a
function of manipulation. Means and SEs are given. 1 5 enlarged
(original clutch size small); 0 5 control; 2 5 reduced (original
clutch size large). Under the individual optimization hypothesis, we
would expect a positive relationship between fitness and
manipulation.

1.89, p 5 .18). In 2 out of 3 years there was a trend in the
direction expected under the IOH (Figure 1).

Taking all years together, the total number of fledglings
produced over the breeding season differed between experi-
mental sets (F57, 96 5 2.38, p , .001). There was an almost
significant effect of manipulation (F2, 96 5 2.92, p 5 .057) in
the direction predicted by the IOH. Birds with a larger orig-
inal clutch size tended to produce more fledglings during the
whole breeding season. Although in 1988 we found an effect
on the first brood, in 1992 on the second brood, and in 1991
no effect of the manipulation at all, the interaction between
year and experimental treatment was nonsignificant.

Local survival of parents and juveniles and brood fitness

Parental local survival (recovered as breeding bird in the next
year’s population) did not differ between years for either
males or females (males: x 5 3.84, p 5 .14; females: x 52 2

2 2

2.53, p 5 .28). Taking all years together, for males there was
no between-experimental sets effect (x 5 70.48, p 5 .11),2

57

but within sets there was a manipulation effect (x 5 6.16, p2
2

5 .046; enlarged 38%, control 41%, reduced 23%). The lower
survival of the males in the reduced category originates from
1992 alone. This effect could not be explained by the higher
incidence of second clutches in that year (x 5 0.92, p . .3),2

1

and remains unexplained. For females there was a between-
set effect (x 5 83.4, p 5 .012) but no effect of manipulation2

2

on local survival (x 5 0.90, p 5 .64, enlarged 43%, control2
2

49%, and reduced 46%).
The number of recruits from first broods in the local pop-

ulation differed between years (x 5 36.36, p , .001), and2
2

between sets (x 5 92.77, p 5 .01), but within sets there was2
57

no manipulation effect on local recruitment (x 5 2.68, p 52
2

.26, log linear model with Poisson error).
To judge the overall effect of manipulation on fitness, we

estimated fitness as the sum of the recruits and the survived
parents. Fitness did not differ between years (x 5 2.29, p .2

2

.3) or among manipulation categories (x 5 2.36, p . .3, log2
2

linear model with Poisson error) when controlled for set (Fig-
ure 2). The survival data for parents and offspring combined
as a fitness measure provided no support for the IOH.

DISCUSSION

This paper tested the prediction of the IOH that birds that
lay a large clutch do better in raising a brood manipulated to
intermediate size than birds that lay a small clutch. When
years were analyzed separately, we found an association in 1
year (1988) between nestling survival and original clutch size
and in another (1992) between the probability of a second
clutch and original clutch size. In the third year (1991) a
spring frost damaged the major food plant of the bird’s prey,
resulting in exceptionally low food abundance. Overall annual
fledgling production tended to be associated with original
clutch size.

The support for the IOH was thus weak as compared to the
results of Högstedt (1980). Other studies that specifically ad-
dressed the question of individual optimization of clutch size
and measured short-term consequences did not support the
IOH (Barber and Evans, 1995; Harper et al., 1994; Maigret
and Murphy, 1997). Decisive for accepting the IOH are the
long-term consequences: fitness effects of manipulation in re-
lation to the original clutch size. In this study overall fitness
estimates (offspring plus parents surviving till the next year)
were not related to original clutch size and therefore did not
support the IOH.

Two aspects of phenotypic quality can play a role in indi-
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vidual optimization: environmental variation and variation in
parental quality. Offspring chances depend strongly on food
abundance and subsequent growth (Henrich-Gebhardt, 1990;
Tinbergen and Boerlijst, 1990; Van Balen, 1973; Van Noord-
wijk and Müller, 1994; Verboven, 1998), and parents are ex-
pected to enhance their fitness by adjusting clutch size to the
food availability if cues are available. In addition, quality dif-
ferences between parents independent of their current envi-
ronment may also affect the individual optimal clutch size.
The fact that we did not find an association between original
clutch size and the ability to raise a brood shows that in our
experiment both food availability and parental quality did not
covary detectably with original clutch size. This may be be-
cause the parents were constrained by low predictability of the
food supply or energetically during the egg laying or the in-
cubation phase, for instance. It is also feasible that the costs
associated with clutch size are not paid during the chick-rear-
ing phase but in an earlier phase (egg laying or incubation).
These effects cannot be detected with brood size manipula-
tions as used in this experiment (Monaghan and Nager, 1997)
and need further study.

The results of this paper contrast with our interpretation of
earlier results obtained in the same study population (Tin-
bergen and Daan, 1990). As mentioned in the Introduction,
we found that experimental variation in clutch size lowered
fitness, while fitness was positively associated with natural var-
iation in clutch size. Combination of these two findings led
us, in agreement with Gustafsson and Sutherland’s (1988)
findings for the collared flycatcher, to the conclusion that
great tits were individually optimizing their clutch size.

There are a number of reasons the interpretation of the
earlier results (Tinbergen and Daan, 1990) might differ from
the results of the current study. First, fitness surface around
the optimal clutch size is expected to be flat, and therefore
small deviations in clutch size may not have measurable effects
in fitness. Compared to the other experiments, our current
manipulation was small in 2 years (1991, 1992), whereas in
the first year (1988) the manipulation was larger and some
effect was found. This indicates that the power of the current
test may simply be too small to detect differences due to a
smaller manipulation at comparable sample size. For mean
nestling mass we calculated the power on the basis of the data
set used in Tinbergen and Daan (1990). When controlled for
year, nestling mass differed 0.089 g per egg (SE 0.062, F1,219

5 2.056, p . .15) for the natural variation, while for manip-
ulation this effect was .293 g per manipulated young (SE 5
0.026, F1,219 5 117.16, p , .0001). The expected difference in
nestling mass between the enlarged and the reduced broods
in the current experiment was therefore 0.602 g [(3.08 3
0.293) 2 (3.38 3 0.089)]. From the same material, the stan-
dard deviation of mean nestling body mass was estimated for
control broods as 1.43 g. The power to detect such a differ-
ence over the whole material (n 5 58) was .0.95, which can
be regarded as high. Because we expected, on the basis of
earlier experiments, that if anything was affected by the ex-
periment, it would be mean nestling mass, we see this as an
argument against the idea that our results are solely due to
small sample sizes.

Second, we controlled more rigidly for date effects in the
current experiment. By using the set approach, we compared
birds that hatched their eggs on the same day instead of con-
trolling statistically for date as we did before. Potentially the
IOH effect could arise by differences between early and late
broods in both their clutch size and their fitness. We therefore
analyzed the fitness effects regardless of set or date using Pois-
son regression. The effect of original clutch size on the num-
ber of recruits did not explain a significant amount of varia-
tion (p . .3), even when controlled for year and/or brood

size after manipulation, leaving no scope for this explanation
of the discrepancy.

Third, the fitness measure used differed between the stud-
ies. In our earlier paper (Tinbergen and Daan, 1990) we used
the expected lifetime production of eggs as a fitness estimate.
Consequently we weighed eggs of second clutches equal to
eggs of first clutches. Local recruitment rates of second-brood
young are, however, much lower than those of first-brood
young (Verboven and Visser, 1998), leading to differences be-
tween the fitness estimates used. Which fitness estimate is bet-
ter depends on the dispersal of the offspring. Dhondt (1970)
showed in a number of small woods around Ghent in Belgium
that survival of second-brood young did not differ with that
of first-brood young when adjusted for dispersal. Because we
only found effects of manipulation on the occurrence of the
second clutches in 1 out of 3 years, we do not think that the
difference in fitness measure used causes the discrepancy.

Finally, individual optimization occurs in some years or ar-
eas and not in others. Birds that optimize their clutch size
individually in a variable environment need cues to predict
environmental variation. Cues may not always be available, re-
sulting in variation in the degree to which individual optimi-
zation occurs. We believe that this last point offers the most
likely explanation for the discrepancy between our current
and earlier results (Tinbergen and Daan, 1990). There is need
for more research that addresses differences in optimal clutch
size between years within a data set to clarify this point further.

Summing up, seven studies provide experimental data to
specifically test the IOH on the basis of fitness measures in
relation to manipulation and original clutch size. Three sup-
port the IOH [Daan et al., 1990 [clutch size and laying date,
kestrel]; Perrins and Moss, 1975; Pettifor et al., 1988 [clutch
size, great tit]; Pettifor, 1993 [clutch size, blue tit]); four did
not find evidence supporting the IOH (Lessells, 1986 [clutch
size, canada geese]; Nur, 1986 [clutch size, blue tit]; Verhulst,
1995 [clutch size, great tit]; this study [clutch size, great tit]).
Two further studies deduced the occurrence of individual op-
timization from the fact that artificial variation in brood size
led to fitness reduction, whereas fitness was positively associ-
ated with natural variation in clutch size (Gustafsson and Suth-
erland, 1988 [clutch size, collared flycatcher]; Tinbergen and
Daan, 1990 [clutch size, great tit]). Individual optimization of
clutch size is thus by no means a general rule. The picture
emerges that the role of individual optimization differs be-
tween populations and species, or perhaps within populations
individual optimization occurs in some years but not in others.
But why? One suggestion is that some populations deal with
more predictable variation in the relevant parameters; anoth-
er is that quality differences between birds are more pro-
nounced in some populations than in others. Verhulst (1995)
suggested that optimal decision rules for clutch size might
differ between populations but that gene flow prevents local
adaptation. In this light it is interesting that the tit populations
where individual optimization was detected tend to occur in
richer forests, potentially the source populations.

We particularly wish to thank Jan Visser for all the advice, assistance
during fieldwork, and management of the database. Martin Olthoff
and Dirk Westra made most of the weekly nest-box checks. Maarten
Boerlijst did a lot of fieldwork as part of his undergraduate project.
Serge Daan, Rudi Drent, Kate Lessells, Arie van Noordwijk, and Mar-
cel Visser made many valuable comments on earlier drafts of this
paper.
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