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Abstract 

Length and breadth of eggs were measured in ringed populations of the Great Tit. During a part of the 
study volume and weight were also measured, but this did not give additional information, viz. variation in 
specific weight of fresh eggs and deviations from calculated volume were within the limits of precision. Only 
in small eggs are length and breadth positively correlated. 

In two populations, a major part (60-80%) of the variation in the clutch means of egg length, egg breadth, 
shape index and egg volume is only found between clutches of different females. The absence of correlation 
between different female partners of one male and the similarity of female repeatability to heritability 
estimates based on daughter-mother ri;gression lead to the conclusion that 60-80% of the variation in egg 
dimensions is genetic. 

The implications for a potential rapid response to selection resulting in a micro-evolutionary change are 
discussed. 

Introduction 

Genetic variation, as revealed by electrophoretic 
techniques, is omnipresent in natural populations 
(review, Lewontin, 1974). However it is unresolved 
whether this protein variation is representative for 
the genome as a whole, and its functional 
significance is still rather obscure. Therefore, 
genetic studies on quantitative traits with adaptive 
significance in natural populations are necessary to 
obtain understanding of the extent of genetic 
variability that is available for genetic adaptation. 
The dimensions of bird eggs are suitable traits for 
such a study. In a study of egg dimensions most of 
the com plications involved in the assessment of the 
relative importance of genetic variation can readily 
be investigated. It is possible to study genotype
environment interaction and the effect of non
random distribution of genotypes over environ
ments in a natural environment. This allows 
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predictions of potential rates of microevolutionary 
change. That such changes have occurred is shown 
by a study of egg collections (Vaisanen, 1969). 

In all strains of poultry the heritability values 
obtained for egg weight and egg breadth are among 
the highest of all investigated traits (Baker, 1960; 
Festing & Nordskog, 1966; Jaffe, 1965; Romanoff 
& Romanoff, 1949). It is not possible, however, to 
make predictions on the presence of genetic 
variation in natural populations from heritability 
estimates obtained in poultry. There are two 
important differences between estimates from 
domesticated and natural popUlations, and these 
have opposite effects. The control of the breeding 
environment in poultry will increase the proportion 
of variation that is genetic, while the long history of 
directional selection for egg weight may have 
reduced the amount of genetic variation. 

There are several aspects of the life-history of a 
species that will have consequences for the selective 
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forces operating on egg size. Clutch size, altricial 
versus precocial strategy and the presence or 
absence of hatching asynchrony areprobably-the 
most important ones. The availability of food and 
especially the variation in this availability can be 
seen as the key factor determining the optimal 
reproductive strategy (Lack, 1968). 

The Great Tit (Parus major L.) is an altricial 
passerine weighing ca. 16-20 g, which lays first 
clutches of ca. 7-12 eggs of 1.5-1.8 g. Only in later 
clutches do eggs hatch asynchronously. This species 
has been the object of several long-term population 
studies, in which all nestlings were ringed and their 
parents were identified (Van Balen, 1973; Dhondt, 
1970; Kluyver, 1951; Lack, 1966; Perrins, 1979). 

These data make it possible to give heritability 
estimates for traits such as clutch size and date of 
laying in a natural environment (Van Noordwijk et 
at .• 1980, 1981a, b). 

In the populations studied at the Institute for 
Ecological Research at Arnhem egg measurements 
were made in 1977, 1978 and 1979. 

In this paper we will first examine the 
relationship of length, breadth, shape, volume and 
weight. Then we will demonstrate that relatives 
show a strong resemblance in their egg cha
racteristics and that this resemblance is mostly 
genetic. Variation between eggs within a clutch will 
be treated elsewhere (Van Noordwijk et al .• in 
prep.). 

Study areas and general methods 

F our populations of the Great Tit are studied at 
the Institute for Ecological Research from 1955 
onwards. Two populations inhabitat mature 
oakwood on rich soil (Liesbos and Oosterhout), but 
these provide insufficient numbers for genetic 
analyses. Both other populations (Hoge Veluwe 
and Vlieland) live in pine plantations and mixed 
woods on poor soil. Hoge Veluwe is a part of a 
much larger wooded area in the centre of the 
Netherlands. Vlieland is one of the Dutch Wadden 
islands; the whole Great Tit population on the 
island is studied. For details about the study areas 
the reader is referred to Van Balen (1973) and 
Kluyver (1971). 

Virtually all Great Tits in the study area nest in 

boxes. Nestboxes are provided in excess and are 
inspected regularly during the breeding season. 
Nestlings are ringed with a standard bird ring with a 
unique number, and the female and the male parent 
are caught and identified while feeding nestlings of 
6-12 days old. 

Several types of clutches are distinguished: first 
clutches, repeat clutches (any clutch following a 
clutch which produced no fledglings) and second 
clutches, following a successful first, or occasionaly, 
following a successful repeat clutch. The normal 
first clutch contains 7-12 (exceptionally 5-15) eggs, 
laid at a rate of one egg per day; incubation is 
started when the clutch is complete and takes 
13-14 days. The nestling period amounts to 19-20 
days. These are approximate values only (see 
Kluyver 1951; Van Balen, 1973 and Kluyver et a!.. 
1977). 

On Vlieland a substantial number of pairs are 
known to be related (van Noordwijk & Scharloo, 
1981). While the numbers were too small to 
investigate an effect of inbreeding on egg 
dimensions, they might effect the heritability 
estimates, hence cases with F> 1/ 16 were excluded. 

Relations between egg traits 

Introduction 

Several characters can be measured. To prevent 
interference with the long-term population study, 
we limited ourselves to non-destructive methods. 
This leaves properties such as length, breadth, 
weight and volume that can be measured and 
properties like shape and specific weight that can be 
calculated from them. 

A study of the patterns in which these variables 
are correlated may suggest ways in which 
physiological processes come to expression. For 
instance, if the breadth of an egg is determined by 
the anatomy of the female and the egg volume by 
her physiology, egg length will represent the 
proportion between these two traits. This led us to 
study not only length and breadth as such, but also 
different combinations of these parameters, such as 
volume and shape. In poultry all traits mentioned 
above (review in Romanoff & Romanoff, 1949) can 
successfully be selected for. 
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Fig. 1. The apparatus used for measuring egg volumes. 

Methods 

The maximum length and breadth were 
measured with sliding calipers with an accuracy of 
0.1 mm. Differences between observers are less 
than 0.1 mm and are thus negligible. Eggs that 
had already been incubated were not weighed. As a 
consequence very few last eggs were weighed. In 
1977 and 1978 we used a simple beam balance and 
small weights, in 1979 a portable electronic balance 
was used; both had a precision of 20-30 mg. We 
found none of the published metho~s to measure 
volumes practical in the field with eggs of about 1.5 
ml (Barth, 1953; Baten & Henderson, 1941; 
Langvatn, 1972). 

We measured egg volume in the apparatus shown 
in Figure I. By moving the pipette up and down the 
waterlevel was brought to a fixed level in a narrow 
tube above the chamber. After reading the volume 
the level was lowered, the egg was put into the 
chamber and a second reading was made. 

A standard calibrated pipette of 5 ml (in 0.05 ml) 
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was used, by intrapolation an accuracy of 0.0 1-0.02 
ml was achieved. No effect on hatchability was 
noted in any stage of incubation, but no eggs within 
a day of hatching were measured. 

Results 

Volume 
Several formulae have been suggested to 

calculate egg volume from egg length and breadth. 
Nearly all contain length X breadth2 (LB2) (see e.g. 
Baten & Henderson, 1941; Hoyt, 1976; Stonehouse, 
1966). Although breadth is less variable its 
correlation with measured volume is much stronger 
than that for length (Fig. 2, Fig. 3). The correlation 
between measured volume and LB2 is very high (r = 
0.987 for 1252 eggs from 128 clutches from Hoge 
Veluwe 1978). No deviations from linearity were 
found. The regression equation was: Volume = 
0.495 LB2 + 0.017 with a standard error of 0.012. In 
a few clutches the measured volume was 
consistently above or below the regression line 
indicating a difference in curvature (see Figure 4 for 
9 clutches from Liesbos 1977). Because this 
variation in shape hardly exceeded the detection 
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Fig. 2. The relation between breadth and measured volume in 
eggs from Hoge Veluwe in 1978. Each point represents a 
combination observed in one or more eggs. 
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Fig. 3. The relation between length and measured volume. Cf. 
also Fig. 2. 

limit, it was not pursued. The ratio of LB2jvolume 
would be a good index for the pointedness of the 
egg, being high in pear shaped eggs and low in more 
spherical eggs. 
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Weight 
The specific weight decreases during incubation. 

In fresh eggs, weight and volume are strongly 
correlated. In Figure 5 the regression of weight on 
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Fig. 5. The relation between fresh weight and measured volume 
in 286 eggs from Hoge Veluwe 1978. The regression equation is 
Weight = 1.007 Vol. (in em3) + 0.073 g; r = 0.97; standard error 
of slope = 0.016. 
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Fig. 4. The relation between measured volume and calculated volume index (LB2) for eggs from 9 clutches in Liesbos 1977. Every clutch 
has a different symbol. The regression equation is Vol = 0.51 L.B2 - 5.24 mm3; r = 0.96. 
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Fig. 6. The relation between egg length and breadth. Liesbos ! 977. Regression for eggs with length:;: 18 mm: B = 0.193 L = 10.1 mm; 

P (slope = 0) <0.0 I. For eggs with length>! 8 mm: B = -0.205 L = 17.3 mm P (slope = 0) <0.025. 
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Fig. 7. The relation between egg length and breadth. Hoge Veluwe 1978. Regression of mean breadth per length class (heavy dots) on 
length for eggs with length:;; 18 mm.: B = 0.315 L + 7.25 mm, P(slope = 0) = 0.5. 

volume is given for 286 eggs from 42 clutches. There 
are some differences in specific weight between 
females, as in other species (review Baker, 1960). 
However, these variations are too close to the limits 
of precision to justify further analysis in this study. 
A relation between weight and LB2 includes both 
variation in specific weight and in pointedness 
between females. However, these variations in 
specific weight and pointedness are much smaller 

than the differences in size between eggs. This 
means that all types of measurements can be 
converted into each other with little erroL 

Linear measurements 
Length and breadth can be determined easily and 

accurately. In all species investigated the coefficient 
of variation of breadth is less than that of length 
(e.g. Koskimies, 1957; Manning, 1978; Myhrberget, 
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1977; Nice, 1937; Svensson, 1978 and Vaisanen, 
1(69). Some ratio of length and breadth is widely 
used as a parameter for egg shape: lOOX ElL or 
IOOX LIB. It is easily seen that iflength and breadth 
are positively correlated, egg shape will be more 
constant than egg volume and vice versa if they are 
negatively correlated. It seems (Fig. 6 & 7) that the 
relationship between length and breadth varies with 
egg size. Among the smaller (shorter) eggs there is a 
positive correlation between length and breadth. 
Among the longer eggs we find no or even a 
negative correlation between length and breadth. 
The same pattern is observed for the within clutch 
correlation, positive correlation in clutches with 
small eggs and negative in clutches with large eggs. 
As a consequence there is a correlation between 
egg volume and egg shape, small eggs being more 
spherical than large ones. 

Conclusions 

Given the preCIsion of the methods used, no 
additional information is obtained from directly 
measured volumes or egg weights. Therefore, in the 
subsequent analysis volumes calculated from 
length and breadth will be used as a parameter for 
egg mass. The dependence of the shape index of 
calculated volume on length or breadth alone is not 
simple. 

Genetic variation 

Introduction 

Only the basic methods of quantitative genetics 
(see Falconer, 1960) can be used. A number of the 
basic assumptions will be tested in explicit form. 

A first indication of genetic variation may be 
obtained from the repeatability, i.e. from a 
comparison of variation between clutches of the 
same and of different females. It gives an idea about 
the importance of temporal environmental varia
tion. This can be done by comparing eggs in first 
and second clutches within years and by comparing 
the same type of clutch in different years. 

A comparison of the repeatability with the 
regression of daughters on mothers gives informa
tion on the possibility that other factors, e.g. 
conditions during growth of the female instead of 

genetic vanatlOn are important factors in the 
individ ual constancy. 

The distance moved between breeding sites in 
successive years is small, especially in males 
(Kluyver, 1951; Webber, 1975). Therefore the 
correlation between successive female mates of a 
single male ('repeatability of males') is a measure of 
the importance of spatial environmental variation 
in the study area at the time of laying. However 
such a correlation could also arise from assortative 
mating, or when successive female partners of a 
male have a similar site preference. The correlation 
of egg dimensions of partners of fathers and sons 
gives similar information. 

There are four methods to characterize the 
average shape and egg volume of a clutch. One may 
either calculate the shape and volume of individual 
eggs, and then take the average, or calculate mean 
values from the mean length and breadth. Instead 
of the mean the median may be used. This has the 
advantage that the median is less sensitive to rare 
events with a strong effect. In general the within
clutch variance is largely determined by one or two 
exceptionally small eggs. All heritability and 
repeatability estimates were made using the clutch 
median, where shape and volume were calculated 
for individual eggs. 

Table 1. Repeatability values. 

N Length Breadth Shape Volume 

A. Hoge Veluwe 
<;? repeatability 
1977 first-second 27 0.68 0.62 0.79 0.57 
1978 first-second 26 0.80 0.72 0.93 0.67 
1979 first-second 44 0.74 0.46 0.77 0.54 
first '77 - first '78 32 0.79 0.59 0.88 0.59 
first '78 - first '79 27 0.81 0.79 0.82 0.80 

5 repeatability 
first 77-78 with diff. <;? 18 0.08 0.19 0.13 0.12 
first 78-79 with diff. <;? 12 0.30 0.36 0.32 -0.31 

B, Vlielaml 
<;? repeatability 
1977 first-second 18 0.82 0.62 0.68 0.72 
1978 first-second 20 0.83 0.19 0.92 0.39 
1979 first-second 31 0.45 0.23 0.84 0.09 
first '77 - first '78 24 0.73 0.51 0.77 0.58 
first '78 - first '79 18 0.72 0.76 0.90 0.65 

5 repeatability 
first 77-78 with diff. <;? 7 0.16 0.03 0.02 0.12 
first 78 79 with diff. <;? 7 0.09 0.28 0.27 0.13 
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Table 2. Heritability values (± s.e.) based on twice the offspring-single parent regression. 

n Length 

A. Hoge Veluwe 
from mother-daughter 60 O.58±0.28 
(mean/individual) 
from mother-daughter 93 0.64±0.24 

all combinations 
first clutches only 

from mother! daughter 142 O.96±0.20 
all combinations 
fi rst & second clutches 

from father-son 77 O.O6±O.26 
mean/individual 

first clutches 

B. Viieialld 
from mother-daughter 54 O.26±O.36 
(mean! individual) 
first clutches only 

from mother-daughter lID -O.IO±O.22 
all combinations 
first clutches only 

from mother-daughter 199 O.O2±O.16 
all combinations 
first & second clutche.s 
from father-son 54 O.18±O.24 
mean/individual 

first clutches 

Results 

Seven different repeatability values for each of 
four traits for the Hoge Veluwe population and the 
Vlieland population are given in Table 1. The 
repeatabilities for a combination offirst and second 
clutches produced in April and June respectively, 
are similar to those comprising first clutches only, 
on Hoge Veluwe and on Vlieland in 1977. 
Apparently, the difference in environmental 
conditions between April and June has no strong 
systematic effect. 

In years with a low repeatability from first to 
second clutches, females laying small eggs tend to 
increase their egg dimensions more than those that 
lay large eggs in the first clutch (Fig. 8). 

The repeatability for shape is higher than for the 
other traits, both in Vlieland and in Hoge Veluwe. 
It is so high that it can be of practical use in deciding 
whether a particular first and repeat or second 
clutch can be attributed to one female. For 
instance, in 1978 a clutch of 21 eggs was observed in 
Hoge Veluwe, in which the numbers 10-16 were 
very different in shape from the numbers 1-9 and 

Breadth Shape Volume 

O.80±O.24 0.94±0.32 0.66±O.24 

O.80±O.22 LlO±O.28 0.64±O.20 

O.90±O.16 i.08±O.20 O.86±O.18 

O.36±O.26 ·O.20±O.22 O.32±O.21 

O.82±O.24 O.28±O.30 O.72±O.30 

O.S4±O.14 O.12±O.20 O.36±O.18 

O.34±O.1O O.20±O.!4 O.24±O.12 

0.20±O.26 -O.22±O.26 O.O8±O.23 

17-21, while the first and the last group were very 
similar. A gap of two days was observed between 
eggs 9 and eggs 10. It is almost certain that this 
clutch was produced by at least two females. This 
clutch was excluded from the analysis. 

There is a clear difference between the 
repeatabilities of males and females. Although the 
numbers of males with different partners are small, 
the mean of the repeatability values are close to zero 
for all traits. 

Heritability estimates are given in Table 2. Three 
different ways of calculation are given for the 
female comparisons. While the results are very 
similar for Hoge Veluwe, there are considerable 
differences between estimates from Vlieland, 
except for shape. In the first estimate average egg 
characteristics per female are used. In the second 
estimate every clutch of the mother is compared 
with every first clutch of a daughter, while in the 
third estimate second clutches are also included. 
Some mother-daughter combinations are pre
sented several times. The comparisons are only 
independent with respect to the variance caused by 
temporal environmental variation, which will affect 
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the reliability .of the standard errors. The first 
estimate is prDbably the most reliable, but see 
discussiDn. 

In the father-son cDmparisons there is a positive 
regressiDn for breadth. However in all explanations 
for such a regression, i.e. an influence on the egg 
size of the partner, site tenacity or assortative 
mating, a positive repeatability of males is 
expected. Taking together the repeat abilities offirst 
clutches and the heritabilities based on mean values 
of first clutches, the male resemblances are at the 
most a fraction of the female resemblances. 

For egg length and shape on Vlieland the mother
daughter resemblance is cDnsiderably less than the 
repeatability. These estimates are sensitive to rare 
events with a large effect. These low values are 
largely due to .one female, which is also responsible 
for the low repeatability fDr breadth (and volume) 

in 1978. Apart from such rare events, about 60-80% 
of the total phenotypic variance can be attributed to 
genetic variance. 

Discussion 

Genetic variation 

The total phenotypic variation in egg dimensions 
is the result of both genetic differences between 
individuals and variation in environmental con
ditions. The influence of the environmental 
variation on egg size can be seen frDm the difference 
in repeatability from first to second clutch in the 
three years (Table 1, Fig. 8). In 1979 the eggs in 
second clutches are larger than in first clutches, 
both on Vlieland and Hoge Veluwe, while there is 
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hardly a difference in 1977, and 1978 is 
intermediate. The proportion of females making a 
second clutch however was different, about 1 in 6 in 
1977, I in 4 in 1978 and I in 2 in 1979, both on 
Vlieland and Hoge Veluwe. This might be 
explained by assuming that if the food situation is 
favourable more females lay a second clutch and 
the difference in egg size between first and second 
clutch increases. 

However, in the few females from Vlieland of 
which egg dimensions are known from first and 
second clutches in 1978 and 1979 the larger increase 
in 1979 results from smaller eggs in first clutches in 
that year, while eggs in second clutches are very 
similar in size in both years. So, in fact, the high 
proportion of second clutches in 1979 is not an 
indication of good conditions during the laying 
period of second clutches but goes along with 
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unfavourable conditions during the laying period 
of the first clutch. The occurrence of conditions 
leading to small eggs in first clutches in 1979 also 
explains why on Vlieland the heritability estimates 
comparing every clutch of the daughter with every 
clutch of the mother are much lower than those 
based on mean values per individual. 

It is remarkable that the heritability values for 
egg volume in the Hoge Veluwe popUlation (h2 = 
0.66 ± 0.24, n = 60) and in the Vlieland population 
(h2 = 0.72 ± 0.30, n = 54) are very close to the 
heritabilities for egg weight of Great Tits near 
Oxford (h2 = 0.72 ± 0.22, n = 81; Jones, 1973) and 
for egg volume in a population near Oulu in 
Finland (h2 = 0.86 ± 0.29, n = 45; Ojanen et a/., 
1979). In both studies the good agreement between 
the repeatability values and twice the mother
daughter regression (Jones used the correlation) is 
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the sole argument for attributing the resemblance 
to genetic factors. This is insufficient to eliminate 
environmental heterogeneity with similar envi
ronments, either during growth or at the time of 
laying, for mother and daughter as a cause for 
resemblance. The low values for the male 
repeatability and son-father resemblance in our 
data suggest that spatial environmental hetero
geneity is unimportant within our populations. The 
low value for male repeatability also shows that 
assortative mating with respect to a character 
correlated with egg-size genes is not present. 

Marks (1978) found that in chicken the sperm 
volume produced by males is influenced by genes 
that also have an effect on daily egg mass 
production (egg number X egg weight) by females. 
This suggests that the attribution of resources to the 
reproductive organs is partly under genetic control. 

On anatomical and physiological grounds it is 
attractive to suppose that if egg breadth and egg 
volume are under genetic control, egg length and 
egg shape result from the combination (cf. Table 2). 

However, this would be in conflict with the fact 
that in nine of the ten series offemale repeatabilities 
the value for shape is higher than that for the other 
traits. This constancy of shape can be explained by 
assuming that it is not the width but the 
expansibility of the oviduct that is under genetic 
control, breadth would then be the result of volume 
and shape. Figure 6 suggests that in large eggs the 
available material can be distributed in different 
ways, either in long and narrow or in short and 
broad eggs. This might be due to variation, mainly 
between females, of the expansibility of the oviduct. 
That this expansibility of the oviduct does have an 
environmental or a random component is shown by 
the negative correlation of length and breadth 
within clutches with large eggs. 

Selective importance 

Egg shape has no clear functional significance in 
the Great Tit. There are several aspects of egg 
volume with selective implications. Hatchling 
weight is highly correlated with fresh egg weight in 
the Great Tit (Schifferli, 1973) as well as in other 
species (e.g. Ankney, 1980; Bryant, 1975, 1978). 
Schifferli (1973) found that light hatchlings stay 
behind in growth, but the difference in fledgling 
weight was much smaller than halfway in the 

nestling period. If growth is not looked at as a 
function of age, but as a function of size, the 
difference between large and small hatchlings 
largely disappears. However, this applies to 
favourable conditions only. If there is a shortage of 
food, the smaller nestling(s) will presumably die 
first. Variation in egg size within clutches will have 
an effect through competition between nestlings. 
For differences between clutches this is irrelevant 
but larger hatchlings have an advantage over 
smaller ones in their ability to survive longer 
without food (e.g. Ankney, 1980; Bryant, 1978). 
During heavy rain Great Tit parents suspend all 
feeding activities. Nestling mortality is correlated 
with the amount of rainfall during the day (Heynen, 
unpub!.). This could provide a selective force in 
favour of large eggs, large nestlings being more able 
survive periods without being fed. On the other 
hand selection for small eggs might result from 
benefits to the female investing less energy in egg 
formation. We have insufficient data to analyse net 
selection. 

The causes a/variation 

In many species the variation in egg dimensions 
within a clutch is less than between clutches of 
different females (e.g. Kendeigh et al., 1956, 1975; 
Vaisanen, 1977; Vaisanen et ai., 1972). Terns and 
gulls are a notable exception, their third egg is 
smaller, and the difference between the first two 
and the third egg is larger than the variation 
between clutches for the first two or third eggs 
(Barth, 1967; Cochfeld, 1977; Ricklefs et al., 1978). 

The presence of genetic variation for ~gg size in 
the popUlation tends to decrease the ratio of the 
variance within clutches and the variance between 
clutches of different females. Nevertheless, a 
relatively small variation within clutches is not 
necessarily a consequence of the presence of genetic 
variation. Eggs in one clutch may be similar 
because they have been laid under similar 
environmental conditions. 

One may divide the environmental variation 
acting on egg size into a number of components: 
(1) variation in conditions from day to day, 
(2) variation in conditions from week to week, 
(3) variation in conditions over months, 
(4) variation in conditions over years, 
(5) spatial heterogeneity, 



(6) lasting effects of conditions during growth of 
the female. 

Within clutches, only the first source of 
environmental variation is represented as such, 
while 2 to 6 together with genetic variation are 
present in between clutch variation. 

In our repeatabilities, in which clutch medians 
were used the first component is excluded, while the 
environmental variation consists mainly of com
ponent 3 and 4. The fourth component (together 
with 5 and 6) is the relevant one for a prediction of 
offspring values from parental values. If this source 
of environmental variation is relatively large then 
the change in population mean brought about by a 
given amount of selection will be relatively small. 
The variation in this component (that is the extent 
to which years are different) might be studied by 
looking at the repeatability, for which data are 
more easily obtained than data for the mother
daughter regression. Such a study of variation in 
repeatability values would be indicative for 
variability in the heritability. 

It might be argued that selection for egg size is 
strong only under bizarre environmental con
ditions, while the heritability under such conditions 
is probably much lower than the heritability under 
average conditions, since the heritability is a 
proportion of the total variation. If this is indeed 
the case then the high heritability values obtained 
would not indicate that the response to natural 
selection will immediately be large. In this 
argument it is assumed that the conditions at the 
time of egg formation and the time of selection are 
similar. However selection and egg formation do 
not coincide. Selection will act mostly on the 
nestlings and occurs at least a fortnight (i.e. the 
incubation period) later than the formation of the 
last egg. Direct or indirect (through food 
availability) effects of weather are probably of 
major importance both at the time of egg formation 
and at the time when differential mortality between 
hatchlings from eggs of different size occurs. In our 
climate there is no constancy in weather conditions 
over periods of weeks. Therefore the high values for 
the heritability of egg dimensions indicate that 
selection will result in rapid change of the 
population mean, when the environment undergoes 
a more permanent change. 
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