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ABsTRACT.—Using data from the field and the literature on 67 species of birds, we analyzed
intraclutch variation in egg size, especially the deviation of the last egg from the clutch
mean (D). Values of D are closer to zero in precocial than in altricial species; D is negatively
correlated with body size in interspecific comparisons, i.e. large birds, including precocial
species, lay small final eggs; and D is higher in open-nesting passerines (on average D =
+3.56%, 17 species) than in hole-nesting species (on average D = —0.05%, 13 species). Within
populations of birds, a negative relationship exists between D and clutch size, particularly
in species that have a generally low value of D.

The results support the view that intraclutch variation in egg size has an ultimate, adaptive
value. We suggest that birds adopting the “brood-reduction strategy” have a small final egg,
particularly those birds with large clutches, whereas birds adopting the “brood-survival
strategy” have a relatively large final egg, particularly those birds with large clutches. Re-
ceived 5 December 1983, accepted 19 April 1984.

BIRDs possess several mechanisms by which
they can adjust the magnitude and pattern of
their breeding effort in relation to environ-
mental conditions and to their own breeding
condition. The most important of these factors
is clutch size (Lack 1954, O’Connor 1978, Lund-
berg and Viisdnen 1979). Other proposed
mechanisms are the sex ratio of the brood
(Trivers and Willard 1973, Howe 1976, Fiala
1981), egg quality (Schifferli 1973, Howe 1978,
Ricklefs et al. 1978, O’Connor 1979, Hogstedt
1981, Bitkhead and Nettleship 1982), hatching
pattern (Lack 1954, Ricklefs 1965), and intra-
clutch egg-size variation (Parsons 1970, 1976;
Howe 1976; Rydén 1978; Ojanen et al. 1981).
When clutch-size adjustments and the influ-
ence of nest predation are excluded, a pro-
nounced variation still is found among birds in
the proportion of eggs that are successful. The
hatchability of the eggs (Koenig 1982) and
nestling mortality vary significantly. In many
passerine birds, for example, nestling mortality
from starvation is rather low (Nice 1957, Rick-
lefs 1969, Slagsvold 1982a), compared with that
of some birds of prey in which one of the two
young in the brood always dies (Stinson 1979,
Edwards and Collopy 1983). It has been as-
sumed that birds that lay relatively many eggs
in relation to the number of young that they
are normally able to feed (e.g. raptors) have
adopted a brood-reduction strategy that en-

685

ables them to adjust the number of offspring
they rear in relation to the environmental con-
ditions that prevail during the nestling stage.
This is brought about by hatching asynchrony,
a phenomenon that results in a size hierarchy
within the brood (Lack 1954, Ricklefs 1965,
Hahn 1981, Slagsvold 1982a). Clark and Wilson
(1981), however, cited data on the hatching
patterns of several species of altricial birds and
claimed that, rather than supporting the brood-
reduction hypothesis, these data supported
predictions adduced from a model based on the
probabilities of nest failures occurring. In many
species of passerine birds egg size increases
with laying order, and this phenomenon is in-
deed difficult to explain by means of the brood-
reduction hypothesis (Clark and Wilson 1981).

In the present paper, we report the results of
an inter- and intraspecific comparison made
with regard to such within-clutch egg-size
variation. A large body of data now exists for
a wide variety of bird species, and the time is
ripe for a comparative analysis. The patterns of
such egg-size variation seem fundamental to
an understanding of overall reproductive strat-
egies in birds.

THEORY

It has been assumed that the intraclutch vari-
ation in the size of birds” eggs has an ultimate,
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Fig. 1. The volume of the final egg laid in a clutch

plotted against the mean value of the egg volume of
all the preceding eggs laid in the same clutch. Data
from Fieldfare and Hooded Crow clutches of 4 or 5
eggs. The y = x lines have been entered.

adaptive value (Paludan 1952, Parsons 1970,
Nisbet and Cohen 1975, Howe 1976, Rydén
1978, Lundberg and Viisinen 1979, O’Connor
1979, Edwards and Collopy 1983). This cannot
yet be considered as proven, as the variation
may simply reflect the condition of the egg-
laying female (cf. Pinowska 1979, Drent and
Daan 1980, Ojanen et al. 1981, Houston et al.
1983). The assumption seems reasonable, how-
ever, as distinctly different patterns are found
between species, differences that are difficult to
explain from energetic constraints alone [see
also the experiments done by Paludan (1952)
and Parsons (1976), and the review by Klomp
(1970)). For instance, the Fieldfare (Turdus pi-
laris) produces, relative to parental body size, a
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larger egg mass per clutch than does the Hood-
ed Crow (Corvus corone cornix). Yet the final egg
laid by the Fieldfare is, in general, larger than
the preceding eggs laid in the same clutch,
whereas the final egg of the Hooded Crow is
not larger than its preceding eggs (Fig. 1).

The results of several studies have indicated
that the chances of survival of any particular
nestling are related to the size of the egg from
which it hatched (Parsons 1970; Schifferli 1973;
Murton et al. 1974; O’Connor 1975, 1979; Ryder
1975; Howe 1976; Nisbet 1978; Lundberg and
Viisdnen 1979; Williams 1980a; Moss et al. 1981;
Birkhead and Nettleship 1982), and we found
that the final eggs of both the Black-billed
Magpie (Pica pica) (t = 3.56, df =15, P < 0.01)
and the Hooded Crow (t=274, df=8, P <
0.05) that did not hatch were significantly
smaller than those that did hatch (Table 1).

If the egg-size variation within the clutch has
an adaptive value, this variation may be related
to the hatching pattern of the bird. Richter
(1982) argued that the nest-failure model of
Clark and Wilson (1981) is not a biologically
plausible, general explanation for hatching
asynchrony, but rather is an alternative to the
brood-reduction hypothesis, applying to species
whose nestlings seldom starve but who fre-
quently suffer nesting failures. Thus, some
species of birds may hatch asynchronously to
facilitate brood reduction, others to escape
heavy nest predation (Tyrvédinen 1969, Hussell
1972).

If such different breeding strategies do exist,
viz. a “brood-reduction” and a “brood-surviv-
al” strategy, they may be accompanied by dif-
ferences in intraclutch egg-size variation (cf.
O’Connor 1978, 1979). In birds that hatch their
eggs asynchronously, the nestling that hatches
from the last-laid egg is at a disadvantage com-
pared with its siblings. Laying a small final egg
may therefore be another mechanism that fa-
cilitates brood reduction. On the other hand,
birds adopting the brood-survival strategy are
expected to have an egg-size increase with the
laying order (Clark and Wilson 1981).

MATERIAL AND METHODS

Bird nests were located near Trondheim (63°N,
10°E), Norway, during the period 1980-1982. We
found that there was a correlation between the rel-
ative size of the final egg laid within a clutch and
the general egg-size variation within the same clutch,
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TABLE 1. Mean volume (cm®) of Black-billed Magpie and Hooded Crow eggs.
Pica pica Corvus corone
Mean SD n Mean SD n
All eggs, complete clutches 8.98 1.09 520 18.46 2.08 518
Last eggs laid (hatched) 9.68 0.93 8 16.14 1.11 8
Last eggs laid (did not hatch) 7.87 1.16 9 14.77 0.44 2

* From nests in the vicinity of Trondheim (present study).

i.e. if the final egg was relatively small, there was
also a decrease in the size of the eggs from the first
to the penultimate egg. When we expressed the re-
lationship between egg size and laying order of the
x — 1 first eggs for each clutch by means of a regres-
sion slope and compared the value of this slope with
the relative size of the final egg laid for the same
clutch, we found r = 0.55 (16 clutches, P < 0.05) for
the Hooded Crow. Thus, we use only the relative size
of the final egg laid, calculated as the percentage de-
viation from the mean size of all the eggs in the
clutch (D-value), in our comparisons. The final egg
is more frequently identified than the other eggs in
the clutch, and it is also biologically relevant to use
this measure, as the hypotheses mentioned above pay
special attention to the condition of the last young
hatched.

Using field data and data from the literature, we
estimated egg volume from egg length (L) and max-
imal breadth (B) by means of the formula 0.51 LB?
(Hoyt 1979), except where otherwise stated (Appen-
dix). Thus, all eggs within a clutch were assumed to
have the same shape. Although this is not necessarily
true, at present we do not have enought data avail-
able on egg-shape variation within clutches to adjust
the volumes calculated. We compared the D-value
calculated from egg-volume data with that calculated
from fresh-egg-weight data for the same species and
found a high correlation. Using only measurements
of the same clutches for each species (at least four
clutches measured), we found that r = 0.98 (9 species,
y =0.973x + 0.19); when adding 5 species with mea-
surements mostly of the same clutches we found also
that r = 0.98 (14 species, y = 0.986x + 0.28); exclud-
ing penguins, we found that r = 0.87 (9 species, y =
0.941x + 0.45).

Those mean values of egg size that were based on
egg-weight data (see Appendix) were first reduced
by 8% (Manning 1978) before being used in the anal-
yses in order to make them comparable with egg-
volume data, because the specific weight of fresh eggs
is above unity. In the Appendix, the relative size of
the final egg laid is calculated for various popula-
tions. In the interspecific comparisons, the weighed
mean D-value for each species is used. The data have
been presented separately for particular clutch sizes
in the Appendix in all cases where the sample size

per clutch size was at least five nests. Body weight,
as used in this paper, refers to the weights of adult
females recorded in spring and was taken from the
same papers from which the egg-measurement data
were obtained, wherever possible, or from other
sources, mainly from Hartman (1961), Haftorn (1971),
and Clench and Leberman (1978).

RESULTS

Penguins.—Measurements of penguin’s eggs
are included in the Appendix to allow a com-
parison to be made with those of other birds,
but these data were not used in our analyses
because of the peculiar biology and unique
phylogenetic position of penguins (e.g. Wil-
liams 1981). Most of the species would have
fitted nicely into the patterns that emerged be-
cause, in all penguins except those belonging
to the genus Eudyptes, the final egg laid in a
clutch was smaller than the others. The second
(final) egg of Eudyptes spp. is unique, however,
in being much larger than the first one laid,
and, generally, the nestling that hatches from
this second egg is the only one to survive
(Gwynn 1953, Warham 1975). The large final
egg of Eudyptes spp. is very difficult to explain,
as it seems to contradict what theory would
predict.

Precocial and altricial birds.—1f the relative size
of the eggs in a particular clutch represents an
adaptive mechanism that facilitates brood re-
duction, or prevents it from occurring, then we
should expect to find such a mechanism pri-
marily among altricial species of birds, as most
of these species hatch asynchronously (Clark
and Wilson 1981) in contrast to precocial birds.
Thus, we predict that the deviation of the size
of the final egg laid from that of the mean size
of all the eggs in the clutch will be closer to
zero in precocial than in altricial species of
birds.

The results of our analyses support this pre-
diction (Table 2), although the data for the pre-
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TaBLE 2. Comparison of the relative size of the final
egg laid.®

Num- Mean
ber of devi- Mann-
spe-  ation Whitney
Species group cies (%) SD U-test
Non-passerines
Precocial 9 —-0.68 1.77 u,=35
Altricial 19 -391 361 P<0.02
Passerines
Hole-nesters 13 —-0.05 282 u, =37
Open-nesters 17 3.56 3.56 P <0.002

#Data from Appendix; those for the penguins ex-
cluded.

cocial birds were rather few and mostly re-
ferred only to waders, and whether or not
waders should be regarded as precocial may be
questioned. The relative size of the final egg
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was rather similar in altricial and precocial
species as a whole (—0.29, n = 49, for altricial,
and —0.68, n =9, for precocial), but the stan-
dard deviation was much higher in altricial
birds, viz. 4.64 versus 1.77 (P < 0.001, test be-
tween the variances). The mean egg size of
ducks (Koskimies 1957, Bezzel 1968) and of
Willow Ptarmigan (Lagopus lagopus; Moss et al.
1981) seems to decrease as the laying sequence
progresses, but this is not true of Black Swans
(Cygnus atratus; Cutten 1966).

Body size.—Large birds are less vulnerable to
nest predation than are small birds, and, thus,
they would be expected to follow the brood-
reduction strategy. Moreover, they lay relative-
ly smaller eggs than those of smaller birds
(Heinroth 1922, Lack 1968, Rahn et al. 1975),
and the energy cost of incubating an egg is also
relatively less for such birds (Ricklefs 1974).
Large birds, therefore, would not seem to be so
rigorously constrained by egg production and
incubation, although this does not prove that
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Fig. 2. The relative size of the final egg laid plotted in relation to the body weight of the adult female:
D =7.66 — 1.776-In(body weight). Mean values for each species have been used (from Appendix, penguins
excluded). Symbols: open circles = passerine species; open squares == altricial, nonpasserine species; solid
squares = precocial, nonpasserine species.
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TaBLE 3. Multiple correlation analysis of the relative size of the final egg.®

Multiple
. Simple correlation coefficients Partial regression® corre.la.t ton
Species coefficient
group n Body weightc Nest site* Clutch size Body weight Nest site* R
Nonpasserines 28 —0.65*** —0.22 0.05 —0.64*** —0.03 0.66***
Passerines 30 —0.54* 0.49** —-0.07 —0.58*** 0.54*** 0.76***
Total 58 —0.74*** —0.04 0.35** —0.85*** 0.28** 0.79***

2 Same data as used in Table 2; ** P < 0.01, *** P < 0.001.
® Standardized regression coefficients after inclusion of the two variables; clutch size yielded no significant

contribution and was omitted.
< Log values for body weight of adult females.
¢ Hole-nesters vs. open-nesters.

these processes are less demanding in such birds
(cf. Houston et al. 1983). The costs should pref-
erably not be measured in energy units but in
the cost of obtaining the amount of energy
needed. Ricklefs (1974) concluded that the en-
ergetic cost of egg production relative to BMR
in passerine birds does not change with body
weight but that such a change is found in other
groups of species.

If large birds have a tendency to lay a rela-
tively greater excess of eggs per clutch than do
small birds (i.e. not in absolute terms but in
relation to the number of young that they are
able to feed; e.g. raptors, Edwards and Collopy
1983), then most mortality will be due to star-
vation, a situation promoting the brood-reduc-
tion strategy. Thus, we would expect that large
birds would be less likely to attempt to raise
the last-hatched young and thus would not tend
to give it a size advantage. We would therefore
expect that a negative relationship should exist
between the mean body size of a bird species
and the relative size of the final egg laid in the
clutch. The results support this prediction (Fig.
2, Table 3). The tendency for the final eggs laid
by small birds to be relatively large was found
to be as true for altricial birds (r = —0.77, n =
49, P < 0.001) as for precocial birds (r = —0.74,
n=29, P <0.05). The log values of the body
weights of adult females were used in these
calculations, although the values of the corre-
lation coefficients obtained for the relative size
of the final egg plotted against the log value of
the mean egg volume were of similar magni-
tude.

Open-nesting and hole-nesting passerine species.—
Open-nesting species of passerines lay fewer

eggs per clutch than do hole-nesters, not only
in absolute terms (Nice 1957, Lack 1968) but
perhaps also in relation to their ability to rear
the brood (Slagsvold 1982a). The hatchability
of their eggs seems to be higher (Koenig 1982),
but they also suffer a higher rate of nest pre-
dation (Lack 1968). Thus, open-nesters may be
more likely to show hatching asynchrony as a
response to nest failure and would be expected
to try to offset the disadvantage to the last-
hatched young (the brood-survival strategy).
We therefore predict that open-nesters lay rel-
atively larger final eggs than do hole-nesters.

The results support the prediction (Tables 2
and 3). In hole-nesters, the last egg laid was
similar in size to the preceding eggs laid,
whereas in open-nesters the final egg was about
4% above mean size. For passerine birds, the
correlation coefficient for the relationship be-
tween the relative size of the final egg laid and
the log values of body weight was r = —0.54
(n=230, P <0.01). When the type of nesting
site was included, a further 28.6% of the vari-
ation could be accounted for. The multiple cor-
relation coefficient then obtained was R = 0.76
(Table 3), accounting for a total of 58% of the
variation among the passerine species in the
relative size of the final egg laid.

Clutch size.—Within species, but not between
species (Table 3), a negative correlation was
found between the relative size of the final egg
laid and clutch size. This is shown by counting
the number of cases when a decrease or an in-
crease in the mean D-value was found for an
increase in clutch size from x to x + 1 eggs (Fig.
3). The D,,, values were less than the respective
D, values in as many as 18 of the 24 investi-
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x+1

% deviation of final egg, clutch size

-6 -4 -2 0 2 4 6

% deviation of final egg, clutch size = x
Fig. 3. The relative size of the final egg laid plot-
ted against successively increasing clutch size (data
from Appendix, penguins excluded). The D,,, =D,
line has been entered. Symbols as in Fig. 2.

gated cases (x> = 6.00, P < 0.02). Notice also that
more of the data plotted in Fig. 3 lay below the
D, = D,., line for those species that yielded low
D, values than for those that yielded high D,
values. In other words, this decrease of the rel-
ative size of the final egg seems to be more
pronounced in species adopting, by our inter-
pretation, the brood-reduction strategy than in
those adopting the brood-survival strategy. For
instance, the average plot for each of the 6 large
species in Fig. 3 fell below the line as compared
with the average plot for only 5 of the 9 small
species [large species: magpie (210 g) or larger;
small species: Fieldfare (103 g) or smaller].
Mean egg'volume and time of egg laying.—We
collected field data to determine whether or
not there is any relationship between the rel-
ative size of the final egg, the mean egg volume
of the same clutch, and the time of egg laying
(Table 4) on the Fieldfare and the Hooded Crow
(open-nesters, the latter with a body weight of
489 g) and the magpie (hole-nester). In none of
these species was any tendency found in those
individual birds that lay large eggs to lay a par-
ticularly deviant (either small or large) final
egg in the clutch (Table 4), nor was there any
consistent tendency for the final egg in clutch-
es laid late in the breeding season to be partic-
ularly small or large (Table 4). The only statis-
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TaBLE 4. Correlation coefficients between the rela-
tive size of the final egg laid and (A) the mean egg
volume for the same clutch, and (B) the date of egg
laying (first egg).

A B
Against  Against
Clutch mean egg laying
Species size n  volume date*
Turdus pilaris 5 24 -0.24 -0.21
6 32 —0.05 0.07
4-7 61 -0.15 -0.03
Pica pica 6 12 —0.15 0.57
7 8 0.18 0.67
8 7 0.05 0.05
3-9 36 —0.01 0.40*
Corvus corone 4 9 0.30 —0.53
5 23 0.23 0.31
3-6 39 0.21 0.05
**P < 0.05.

tically significant correlation obtained was that
for the magpie, when the data for all clutch
sizes were pooled. The partial correlation coef-
ficients obtained were also nonsignificant for
all three bird species investigated when clutch
size and egg laying date were kept constant.

DiscussioN

The results of the present study support the
view that the intraclutch variation in the size
of birds” eggs is a mechanism that has an ulti-
mate, adaptive value that is used in combina-
tion with asynchronous hatching. The eggs of
most altricial bird species hatch asynchronous-
ly (Clark and Wilson 1981). A large final egg
will increase the probability that the nestling
hatched from such an egg will fledge success-
fully. Thus, the parents that practice the brood-
survival strategy will benefit from certain ad-
vantages offered by asynchronous hatching,
other than facilitation of a reduction in brood
size, such as a shortening of the time between
the onset of egg laying and the time the first
nestling fledges (Tyrvédinen 1969) and a stag-
gering of the periods of peak food demand by
the young (Bryant 1978).

We consider that the contrast between the
relative size of the final egg of open-nesting
and that of hole-nesting species of passerines
is of particular importance in providing a clue
for an understanding of the breeding strategies
adopted by birds in general. The open-nesting
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A. Brood reduction B. C. Brood survival
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Fig. 4. Proposed relationship between the relative size of the final egg laid and change of clutch size, for
three patterns of breeding strategies. A third dimension has also been included, viz. the conditions for
breeding, illustrated by the dashed lines (arrows indicating expected change as conditions are improved).

passerines lay fewer eggs than the hole-nest-
ers, but the final egg they lay in a clutch is
large. The smaller clutch size of open-nesters
cannot therefore simply be explained by en-
ergetic constraints on the egg-laying females.
There are at least three explanations for the
reduction in clutch size: the higher costs of in-
cubating many eggs, in particular in open nests
(Biebach 1981, Slagsvold 1982a); the increased
mortality of nestlings because of overcrowding
and falling out of the nest (Slagsvold 1982a);
and the higher rate of nesting failures. Open-
nesting passerines run a serious risk of nesting
failure because of a sudden onset of bad weath-
er and a high degree of nest predation (Nice
1957, Ricklefs 1969). These factors may select
for a reduction in the number of eggs laid in
each single attempt to nest and for an increase
in the ability of open-nesters to renest quickly
(Skutch 1949, Snow 1978, Ewald and Rohwer
1982, Slagsvold 1982b).

As mentioned above, it is possible that the
birds use within-clutch egg-size variation to
adjust the clutch and the brood to the prevail-
ing conditions for breeding, although no direct
evidence exists as far as we know. Figure 4 il-
lustrates three possible patterns of these ad-
justments on the individual-bird level. For a
certain clutch size, it is assumed in Fig. 4A that
a positive relationship exists between the rel-
ative size of the final egg laid and the prevail-
ing breeding conditions. The switch from one
level of clutch size to a higher level at im-

proved conditions (indicated by dashed lines
and arrows) is one from a clutch of x eggs, with
a relatively large final egg, to a clutch of x + 1
eggs, with a relatively small final egg. Figure
4C represents just the opposite pattern, where-
as a third possibility, that no such relationship
exists at all between clutch size and the relative
size of the final egg laid, is illustrated in Fig.
4B.

We would expect the pattern in Fig. 4A to
apply in species of birds that have adopted the
brood-reduction strategy; if the clutch is in-
creased by one egg, it is important that this egg
is a small one so that the brood-reduction
mechanism would operate effectively. On the
other hand, birds adopting the brood-survival
strategy should lay a particularly large final egg
on the changeover from x to x + 1 eggs or at
least a final egg of no reduced size, because the
last young to hatch would be more at a disad-
vantage in a large brood (i.e. Fig. 4C or B).

The patterns in Fig. 4 are qualitatively sup-
ported by the results given above (Fig. 3). We
encourage further studies of these relation-
ships, however, as possible concomitant
changes in general egg size and in hatching
pattern have not been included in the model
because they are not known. For instance, if
the general egg size is small, it may be of great-
er importance that the final egg is large than
when all eggs are large. Moreover, if the con-
ditions for breeding are improved, it is possible
that the mechanism of response adopted by
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birds is to hatch more synchronously. This
would improve the probability of survival of
the young hatched from the final egg laid, and
then no concomitant change in the relative size
of the final egg may be needed (i.e. the pattern
shown in Fig. 4B may then be expected).

If the mean egg size of a clutch reflects the
conditions for breeding (e.g. Hogstedt 1981),
we would expect a positive correlation to be
found between mean egg size and the relative
size of the final egg laid for species adopting
the brood-reduction strategy but not for those
adopting the brood-survival strategy (cf. Fig.
4). Thus, for selected clutch-size levels, we
would expect positive correlation coefficients
to be found for the magpie and the Hooded
Crow, and negative values for the Fieldfare.
Table 4 indicates that 6 of 7 coefficients had the
predicted sign. The random probability that all,
or all-but-one, of the coefficients should have
the predicted sign is P = 8-(0.5) = 0.063 (one-
tailed test). Statistically, however, no single
coefficient significantly deviated from zero (Ta-
ble 4).

Karlsson (1983) provided European Starlings
(Sturnus vulgaris) with extra food. The birds ad-
vanced the time of egg laying and laid larger
eggs, but they changed neither clutch size nor
the relative size of the final egg laid (which
was 1.9% and 1.0% smaller than the mean egg
size, respectively, for the experimental and
control clutches). Thus, this species seems to
represent the pattern in Fig. 4B. It should be
added, however, that, although the availability
of food at the time of egg laying influences the
condition of the female at this stage of the
breeding period, it may not necessarily indi-
cate to the female that the conditions for rear-
ing young would be favorable later on. When
provided experimentally with additional food,
passerines lay larger eggs but do not seem to
respond by laying larger clutches (Ewald and
Rohwer 1982, Karlsson 1983; see Slagsvold
1982a for further references).

We would like to stress that the two breeding
“strategies” proposed, brood reduction and
brood survival, are indeed not well-document-
ed entities and that a greater amount of loss by
brood reduction following hatching asyn-
chrony has not been demonstrated convincing-
ly (Clark and Wilson 1981; but see Hahn 1981,
Slagsvold 1982a). Thus, the existence of two such
breeding strategies is possible but has not yet
been proved. The present data support the in-
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terpretation of the relative size of the final egg
as an indication of a brood-reduction or a brood-
survival strategy. The model shown in Fig. 4 is
comprised of three dimensions: clutch size, rel-
ative size of final egg, and condition for breed-
ing (dashed lines). Preferably, as mentioned
above, we should also have included two more
dimensions: general egg size of the clutch and
the hatching pattern. Unfortunately, we have
not yet information available for doing this,
but we hope that our study would encourage
further research to find out if, and how, birds
use and combine all these factors to maximize
their reproductive fitness.

ACKNOWLEDGMENTS

We thank A. B. Clark, G. Hogstedt, and W. Koenig
for helpful comments on the manuscript, J. T. Lifjeld
and T. Albu for assistance in the field, P. A. Tallantire
for improving the English, and I. Harder for help in
preparing the manuscript. The study was supported
by grants from the Norwegian Research Council for
Science and the Humanities.

LITERATURE CITED

ANTIKAINEN, E. 1978. The breeding adaptation of
the Jackdaw Corvus monedula L. in Finland. Sa-
vonia 2: 1-45.

ARN-WILLL, H. 1960. Biologische Studien am Alpen-
segler. Solothurn, Vogt-Schild.

BarTH, E. K. 1967. Egg dimensions and laying dates
of Larus marinus, L. argentatus, L. fuscus, and L.
canus. Nytt Mag. Zool. 15: 5-34.

BeHLE, W. H., & W. A. GoaTes. 1957. Breeding bi-
ology of the California Gull. Condor 59: 235-246.

BEzzEL, E. 1968. Ergebnisse der Messungen von Ei-
lange und -breite in einer Entenpopulation. Anz.
Ornithol. Ges. Bayern 8: 235-242.

BieBacH, H. 1981. Energetic costs of incubation on
different clutch sizes in Starlings (Sfurnus vuigar-
is). Ardea 69: 141-142.

BiRkHEAD, T. R, & D. N. NerrLesHip. 1982. The
adaptive significance of egg size and laying date
in Thick-billed Murres Uria lomvia. Ecology 63:
300-306.

BLoescH, M. 1982. Sechsergelege beim Weissen-
storch Ciconia ciconia. Ornithol. Beob. 79: 39-44.

BrYaNT, D. M. 1978. Establishment of weight hier-
archies in the broods of House Martins Delichon
urbica. Ibis 120: 16-26.

CHAPPELL, B. 1948. The dissimilar egg and other
problems, part 3. Ool. Rec. 22: 1-6.

CLARK, A. B, & D. S. WiLsOoN. 1981. Avian breeding
adaptations: hatching asynchrony, brood reduc-
tion, and nest failure. Quart. Rev. Biol. 56: 253~
277.

CrLeEncH, M. H., & R. C. LEBERMAN. 1978. Weights of



October 1984]

151 species of Pennsylvanian birds analysed by
month, age and sex. Bull. Carnegie Mus. Nat.
Hist. 5: 3-87.

CouLsoN, J. C. 1963. Egg size and shape in the kit-
tiwake (Rissa tridactyla) and their use in estimat-
ing age composition of populations. Proc. Zool.
Soc. London 140: 211-227.

, G. R. POTTS, & J. HOROBIN. 1969. Variation
in the eggs of the Shag (Phalacrocorax aristotelis).
Auk 86: 232-245.

CuTTEN, F. E. A. 1966. Clutch-size and egg dimen-
sions of the Black Swan Cygnus atratus at Lake
Ellesmere, Canterbury, New Zealand. Emu 65:
223-225.

Davis, J. W. F. 1975. Age, egg-size and breeding
success in the Herring Gull Larus argentatus. Ibis
117: 460-473.

DReNT, R. H., & S. DaaN. 1980. The prudent parent:
energetic adjustments in avian breeding. Ardea
68: 225-252.

Ebwarps, T. C., Jr., & M. W. CoLLory. 1983. Obli-
gate and facultative brood reduction in eagles:
an examination of factors that influence fratri-
cide. Auk 100: 630-635.

EwaLD, P. W, & S. ROHWER. 1982. Effects of supple-
mentary feeding on timing of breeding, clutch-
size and polygyny in Red-winged Blackbirds
Agelaius phoeniceus. J. Anim. Ecol. 51: 429-450.

FiaLa, K. L. 1981. Sex ratio constancy in the Red-
winged Blackbird. Evolution 35: 898-910.

GARGETT, V. 1977. A 13-year population study of the
Black Eagles in the Matopos, Rhodesia, 1964-
1976. Ostrich 48: 17-27.

GEMPERLE, M. E.,, & F. W. PRESTON. 1955. Variation
of shape in the eggs of the Common Tern in the
clutch-sequence. Auk 72: 184-198.

GiBB, J. 1950. The breeding biology of the Great and
Blue titmice. Ibis 92: 507-539.

GOCHFELD, M. 1977. Intraclutch egg variation: the
uniqueness of the Common Tern’s third egg.
Bird-Banding 48: 325-332.

GROEBBELS, F., F. MOBERT, & G. TIMMERMANN. 1930.
Ueber die Beziehungen swischen Eigewichten
und Legefolge. Beitr. Fortpfl. Biol. Vogel. 6: 91-
92.

GwWYNN, A. M. 1953. The egg-laying and incubation
periods of Rockhopper, Macaroni and Gentoo
penguins. A.N.A.R.E. Rept. Series B. Zool. 1: 1-
29.

HartorN, S. 1971. Norges fugler. Oslo, Universi-
tetsforlaget.

Hann, D. C. 1981. Asynchronous hatching in the
Laughing Gull: cutting losses and reducing ri-
valry. Anim. Behav. 29: 421-427.

HaRRIs, M. P. 1964. Aspects of the breeding biology
of the Gulls Larus argentatus, L. fuscus and L. ma-
rinus. Ibis 106: 432-456.

HARTMAN, F. 1961. Locomotor mechanisms of birds.
Smithsonian Misc. Coll. 143: 1-91.

Egg-size Variation

693

HEINROTH, O. 1922. Die Beziehungen swischen Vo-
gelgewicht, Eigewicht, Gelegegewicht und Brut-
dauer. J. Ornithol. 70: 172-285.

HOGsTEDT, G. 1981. Effect of additional food on re-
productive success in the Magpie (Pica pica). ].
Anim. Ecol. 50: 219-229.

Horcoms, L. C. 1969. Breeding biology of the
American Goldfinch in Ohio. Bird-Banding 40:
26-44.

HoustoNn, D. C., P. J. JonEs, & R. M. SiBLEY. 1983.
The effect of female body condition on egg lay-
ing in Lesser Black-backed Gull Larus fuscus. .
Zool., London 200: 509-520.

Howe, H. F. 1976. Egg size, hatching asynchrony,
sex, and brood reduction in the Common Grack-
le. Ecology 57: 1195-1207.

1978. Initial investment, clutch size, and
brood reduction in the Common Grackle (Quis-
calus quiscula L.). Ecology 59: 1109-1122.

Hovyt, D. F. 1979. Practical methods of estimating
volume and fresh weight of bird eggs. Auk 96:
73-77.

HusseLL, D. J. T. 1972, Factors affecting clutch size
in arctic passerines. Ecol. Monogr. 42: 317-364.

KARLSSON, J. 1983. Breeding of the Starling (Sturnus
vulgaris). Unpublished Ph.D. dissertation. Lund,
Sweden, Univ. Lund.

KeNDEIGH, S. C., T. C. KRAMER, & F. HAMERSTROM.
1956. Variation in egg characteristics of the
House Wren. Auk 73: 42-65.

Kromp, H. 1970. The determination of clutch-size
in birds. A review. Ardea 58: 1-124.

KoeNniG, W. D. 1982. Ecological and social factors
affecting hatchability of eggs. Auk 99: 526-536.

Koskimies, J. 1957. Variation in size and shape ot
eggs of the Velvet Scoter, Melanitta fusca (L.).
Suomal. Eldin-Ja Kasvit. Seur. Van. Tiedon. Poy-
tak. 12: 58-69.

Lack, D. 1954. The natural regulation of animal
numbers. Oxford, Clarendon Press.

. 1968. Ecological adaptations for breeding in
birds. London, Methuen.

LUNDBERG, C-A., & R. A. VAISANEN. 1979. Selective
correlation of egg size with chick mortality in
the Black-headed Gull (Larus ridibundus). Condor
81: 146-156.

MAaNNING, T. H. 1978. Measurements and weights
of eggs of the Canada Goose, Branta canadensis,
analyzed and compared with those of other
species. Can. J. Zool. 56: 676-687.

MEYBURG, B-U. 1974. Sibling aggression and mor-
tality among nestling eagles. Ibis 116: 224-228.

MiLLER, E. H. 1979. Egg size in the Least Sandpiper
Calidris minutilla on Sable Island, Nova Scotia,
Canada. Ornis Scandinavica 10: 10-16.

MiLLs, J. A. 1979. Factors affecting the egg size of
Red-billed Gulls Larus novaehollandiae scopulinus.
Ibis 121: 53-67.

Moss, R., A. WATSON, P. ROTHERY, & W. W. GLENNIE.




694

1981. Clutch size, egg size, hatch weight and
laying date in relation to early mortality in Red
Grouse Lagopus lagopus scoticus chicks. Ibis 123:
450-462.

MURTON, R. K., N. J. WESTWOOD, & A. J. ISAACSON.
1974. Factors affecting egg-weight, body-weight
and moult of the Woodpigeon Columba palumbus.
Ibis 116: 52-73.

Nice, M. M. 1957. Nesting success in altricial birds.
Auk 74: 305-321.

Nisser, 1. C. T. 1978. Dependence of fledging suc-
cess on egg-size, parental performance and egg-
composition among Common and Roseate terns,
Sterna hirundo and S. dougallii. Ibis 120: 207-215.

, & M. E. CoHEN. 1975. Asynchronous hatch-
ing in Common and Roseate terns, Sterna hirundo
and S. dougallii. Ibis 117: 374-379.

O’ConNOR, R. 1975. Initial size and subsequent
growth in passerine nestlings. Bird-Banding 46:
329-340.

. 1978. Growth strategies in nestling passer-

ines. Living Bird 16: 209-238.

1979. Egg weights and brood reduction in
the European Swift (Apus apus). Condor 81: 133-
145.

OJANEN, M., M. ORELL, & R. A. VAISANEN. 1981. Egg
size variation within passerine clutches: effects
of ambient temperature and laying sequence.
Ornis Fennica 58: 93-108.

PaLupaN, K. 1952. Contribution to the breeding bi-
ology of Larus argentatus and Larus fuscus. Vi-
densk. Meddr. Dansk Naturh. Foren. 114: 1-128.

PARsONSs, J. 1970. Relationship between egg size and
post-hatching chick mortality in the Herring Gull
(Larus argentatus). Nature 228: 1221-1222.

1972. Egg size, laying date and incubation

period in the Herring Gull. Ibis 114: 536-541.

. 1976. Factors determining the number and
size of eggs laid by the Herring Gull. Condor 78:
481-492.

PIkULA, J. 1971. Die Variabilitat der Eier der Popu-
lation Turdus philomelos, Brehm 1831 in der CSSR.
Zool. Listy 20: 69-83.

PiNowska, B. 1979. The effect of energy and build-
ing resources of females on the production of
House Sparrow [Passer domesticus (L.)] popula-
tions. Ekol. Polska 27: 363-396.

PiNowsk], J., & A. MYRCHA. 1977. Biomass and pro-
duction rates. Pp. 107-126 in Granivorous birds
in ecosystems (J. Pinowski and S. C. Kendeigh,
Eds.). London, Cambridge Univ. Press.

PRESTON, F. W., & E. J. PRESTON. 1953. Variation of
the shapes of bird’s eggs within the clutch. Ann.
Carnegie Mus. 33: 129-139.

PryL, M. 1980. Breeding biology of the Thrush
Nightingale Luscinia luscinig in southern Finland,
I. Ornis Fennica 57: 33-39.

RaHN, H., C. V. PAGANELLI, & A. AR. 1975. Relation

SLAGSVOLD ET AL.

[Auk, Vol. 101

of avian egg weight to body weight. Auk 92:
750-765.

REID, B. 1965. The Adélie Penguin (Pygoscelis ade-
line) egg. New Zealand J. Sci. 8: 503-514.

RicHDALE, L. E. 1957. A population study of pen-
guins. Oxford, Clarendon Press.

RICHTER, W. 1982. Hatching asynchrony: the nest
failure hypothesis and brood reduction. Amer.
Natur. 120: 828-832.

RickLEFs, R. E. 1965. Brood reduction in the Curve-
billed Thrasher. Condor 67: 505-510.

1969. An analysis of nesting mortality in

birds. Smithsonian Contrib. Zool. 9: 1-48.

1974. Energetics of reproduction in birds.

Nuttall Ornithol. Club 15: 152-292.

, D. C. HAHN, & W. A, MONTEVECCHI. 1978.
The relationship between egg size and chick size
in the Laughing Gull and Japanese Quail. Auk
95: 135-144.

RUNDE, O. J., & R. T. BARRETT. 1981. Variation in
egg size and incubation period in the Kittiwake
Rissa tridactyla in Norway. Ornis Scandinavica
12: 80-86.

RyDEN, O. 1978. Egg weight in relation to laying
sequence in a South Swedish urban population
of the Blackbird Turdus merula. Ornis Scandina-
vica 9: 172-177.

RYDER, J. P. 1975. Egg-laying, egg size, and success
in relation to immature-mature plumage of Ring-
billed Gulls. Wilson Bull. 87: 534-542.

ScHIFFERLL, L. 1973. The effect of egg weight on the
subsequent growth of nestling Great Tits Parus
major. Ibis 115: 549-558.

ScHRANTZ, F. G. 1943. Nest life of the Eastern Yel-
low Warbler. Auk 60: 367-387.

SCHREIBER, R. W., & J. M. LAWRENCE. 1976. Organic
material and calories in Laughing Gull eggs. Auk
93: 46-52.

SKUTCH, A. 1949. Do tropical birds rear as many
young as they can nourish? Ibis 91: 430-455.
SLagsvoLp, T. 1982a. Clutch size, nest size, and
hatching asynchrony in birds: experiments with
the Fieldfare (Turdus pilaris). Ecology 63: 1389-

1399.

1982b. Clutch size variation in passerine
birds: the nest predation hypothesis. Oecologia
54: 159-169.

SNow, B. 1960. The breeding biology of the Shag
Phalacrocorax aristotelis on the Island of Lundy,
Bristol Channel. Ibis 102: 554-575.

SNOw, D. W. 1978. The nest as a factor determining
clutch-size in tropical birds. J. Ornithol. 119: 227~
230.

STINSON, C. H. 1979. On the selective advantage of
fratricide in raptors. Evolution 33: 1219-1225.

SUMMERS, R. W., & J. CooPer. 1977. The population,
ecology and conservation of the Black Oyster-
catcher Haematopus moquini. Ostrich 48: 28-40.




October 1984]

TAYLOR, R. H. 1962. The Adélie Penguin Pygoscelis
adeliae at Cape Royds. Ibis 104: 176-204.

TRIVERS, R. L., & D. E. WILLARD. 1973. Natural se-
lection of parental ability to vary the sex ratio of
offspring. Science 179: 90-92.

Tuck, L. M. 1972. The snipes: a study of the genus
Capella. Can. Wildl. Serv. Monogr. Ser. 5: 1-429.

TYRVAINEN, H. 1969. The breeding biology of the
Redwing (Turdus iliacus L.). Ann. Zool. Fennica
6: 1-46.

VAISANEN, A., O. HILDEN, M. SOIKKELI, & S. VOULAN-
TO. 1972. Egg dimension variation in five wad-
er species: the role of heredity. Ornis Fennica
49: 25-44.

VERMEER, K. 1969. Egg measurements of California
and Ring-billed gull eggs at Miquelon Lake, Al-
berta, in 1965. Wilson Bull. 81: 102-103.

WAaRHAM, ]J. 1974. The Fiordland Crested Penguin
Eudyptes pachyrhynchus. Ibis 116: 1-27.

. 1975. The Crested Penguins. Pp. 189-269 in

APPENDIX.
last eggs laid of a number of species.

Egg-size Variation

695

The biology of penguins (B. Stonehouse, Ed.).
London, Macmillan Press.

WILLIAMS, A.J. 1980a. Variation in weight of eggs
and its effect on the breeding biology of the Great
Skua. Emu 80: 198-202.

1980b. Penguin proportionate egg weight.

Notornis 27: 125-128.

1981. Why do penguins have long laying
intervals? Ibis 123: 202-204.

WINKEL, W. 1970. Experimentelle Untersuchungen
zur Brutbiologie von Kohl- und Blaumeise (Parus
major und P. caeruleus). J. Ornithol. 111: 154-174.

YTREBERG, N-J. 1956. Contribution to the breeding
biology of the Black-headed Gull (Larus ridibun-
dus L.) in Norway. Nytt Mag. Zool. 4: 5-106.

ZacH, R. 1982. Hatching asynchrony, egg size,
growth, and fledging in Tree Swallows. Auk 99:
695-700.

ZIMMERMANN, D. 1951. Zur Brutbiologie der Dohle,
Coloeus monedula. Ornithol. Beob. 48: 73-111.

Data from the literature and from our fieldwork on the clutch sizes, egg volumes, and sizes of

Mean  Relative
egg size of
Clutch size volume last egg
Species (range) n (cm?®) (%) Source
Megadyptes antipodes 2 296 129.75 —0.28 Richdale 1957
Pygoscelis papua 2.19 (2-3) 16 12391 —-4.71 Gwynn 1953
2 ?  137.50> —255  Williams 1980b
Pygoscelis adeliae 2 9 108.24 —3.40 Taylor 1962
3 10 10073 —10.47  Taylor 1962
2.53 (2-3) 19 104.29 —7.12  Taylor 1962
2 15 120.50 —2.07  Reid 1965
Eudyptes chrysolophus 2 13 11432 2431 Gwynn 1953
2 ? 127500 2275  Williams 1980b
Eudyptes atratus 2 5 11898 23.95  Warham 1975
Eudyptes crestatus 2.10 (2-3) 10 84.01 1649  Gwynn 1953
2 ? 92.50° 17.84  Williams 1980b
Eudyptes pachyrhynchus 2 121 101.44 8.09  Warham 1974
Eudyptes robustus 2 23 10216 1287  Warham 1975
Spheniscus demersus 2 ?  106.000 —0.94 Williams 1980b
Phalacrocorax aristotelis 2 5 48.75> 0.92 Snow 1960
3 40 49.22> —0.34  Snow 1960
4 10 51.006 —3.53  Snow 1960
3.09 (2-4) 55 49.50* —0.81 Snow 1960
2 26 45.04 0.90 Coulson et al. 1969
3 127 46.97 0.47 Coulson et al. 1969
4 38 44.75 —2.59 Coulson et al. 1969
3.06 (2-4) 191 46.27 -0.07 Coulson et al. 1969
Ciconia ciconia 6 3 102.69 —6.67 Bloesch 1982
Branta canadensis 3.89 19 138.64 —2.53  Manning 1978
Melanitta fusca ca. 8.5 12 88.93 ca.—4 Koskimies 1957
Agquila verreauxii 2 1 99.83 —4.33 Meyburg 1974
2 22 122,60 —12.09  Gargett 1977
Hieraaetus fasciatus 2 1 97.89 —11.72 Meyburg 1974
Haematopus moquini 2 21 54.06 0.23  Summers and Cooper 1977
Charadrius hiaticula 4 23 10.99 —0.47 Viisdnen et al. 1972
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Mean  Relative
egg size of
Clutch size volume last egg
Species (range) n (cm?) (%) Source
Calidris temminckii 4 20 6.14 1.23 Viisdnen et al. 1972
Calidris minutilla 4 11 6.54 1.36  Miller 1979
Calidris alpina 4 9 10.36 —1.66 Viisdnen et al. 1972
Gallinago gallinago 4 8 15.79 —0.67 Tuck 1972
Phalaropus lobatus 4 9 6.59 0.36 Viisdnen et al. 1972
Larus novaehollandiae 2 51 38.65 —1.09 Mills 1979
3 12 35.97 —-5.78  Mills 1979
2.19 (2-3) 63 38.14 —1.98  Mills 1979
Larus atricilla 2.79 (2-3) 19 42.57 —4.18 Preston and Preston 1953
3 5 39.31 —5.76 Schreiber and Lawrence 1976
Larus ridibundus 3 105 34.73 —3.66  Ytreberg 1956
3 125 35.88 —1.56 Lundberg and Viisdnen 1979
Larus delawarensis 3 43 51.78 —4.65 Vermeer 1969
3 82 53.47 —212  Ryder 1975
Larus canus 3 138 49.69 —4.35 Barth 1967
Larus fuscus 3 62 71.25 —6.29  Paludan 1952
3 59 73.21 —3.81 Harris 1964
3 68 74.47 —4.70  58°N, Barth 1967
3 44 69.50 ~6.83  63°N, Barth 1967
3 8 66.56 —6.70  69°N, Barth 1967
Larus argentatus 3 57 91.23 —6.48 Paludan 1952
3 100 78.84 —7.79  Harris 1964
3 18 92.37 —3.56  58°N, Barth 1967
3 76 88.73 —5.39  63°N, Barth 1967
3 59 94.00 —5.00  69°N, Barth 1967
3 103 79.39 —7.33 Parsons 1972
3 453 77.87 —-7.17 Davis 1975
Larus californicus 3 18 72.58 —4.13 Behle and Goates 1957
3 55 70.15 —6.83 Vermeer 1969
Larus marinus 3 35 101.36 —1.80 Harris 1964
3 16 109.33 —272 58N, Barth 1967
3 93  107.95 —3.29  63°N, Barth 1967
3 74 113.47 —279  69°N, Barth 1967
Rissa tridactyla 2 104 44.79 —2.09  Coulson 1963
3 33 45.23 —4.12 Coulson 1963
2.24 (2-3) 137 44.90 —2.58  Coulson 1963
2 68 45.22 -2.09  62°N, Runde and Barrett 1981
2 376 47.53 —-1.77 69°N, Runde and Barrett 1981
3 27 46.90 —4.47 69°N, Runde and Barrett 1981
2.07 (2-3) 403 47 .49 -1.95  69°N, Runde and Barrett 1981
Sterna dougallii 2 63 19.95° —2.26 Nisbet and Cohen 1975
Sterna hirundo 3 22 20.09 —1.33 Gemperle and Preston 1955
3 64 21.20° —1.89 Nisbet and Cohen 1975
3 112 19.61 —4.56  Gochfeld 1977
3 10 20.24> —4.59  Nisbet 1978
Columba palumbus 2 5 20° 2.00 Murton et al. 1974
2 2 19.48 1.31 Present study
Apus apus 2 129 3.56° 1.40  O’Connor 1979
3 49 350> —3.63  O’Connor 1979
2.28 (2-3) 178 3.55° 0.02  O’Connor 1979
Apus melba 3 21 5.92 —-0.39 Arn-Willi 1960
Tachycineta bicolor 5 10 1.86° 3.76 Zach 1982
6 24 1.79® 2.14  Zach 1982
571 (4-7) 41 1.81¢ 209  Zach 1982
Hirundo rustica 5.00 (4-6) 12 1.93 1.54 Albu pers. comm.
Troglodytes aedon 5 11 1.41 275  Kendeigh et al. 1956
6 13 1.38 498  Kendeigh et al. 1956
5.59 (4-7) 29 1.39 4.40 Kendeigh et al. 1956
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APPENDIX. Continued.
Mean  Relative
egg size of
Clutch size volume last egg
Species (range) n (cm?®) (%) Source
Prunella modularis 5.50 (5-6) 2 2.07 1.32 Present study
Erithacus rubecula 6 3 2.65° 0.20  Chappell 1948
Luscinia luscinia 5 10 2.54 506  Pryl 1980
Phoenicurus phoenicurus 7 4 1.82 —0.22  Ojanen et al. 1981
Turdus merula 5 15 7.15° 2.40 Rydén 1978
Turdus pilaris 5 24 6.81 3.66 Slagsvold 1982a
6 32 6.77 3.85  Slagsvold 1982a
5.54 (4-7) 61 6.79 3.86  Slagsvold 1982a
Turdus philomelos 5 ? 5.86° 4.01 Pikula 1971
Turdus iliacus 5 5 4.95 6.13 Present study
6 6 4.97 499  Present study
5.55 (5-6) 11 4.96 5.51 Present study
Sylvia atricapilla 4 1 2.03 7.93 Present study
Phylloscopus collybita 5.60 (5-6) 5 1.16 6.30 Groebbels et al. 1930
6 1 1.27 6.07 Present study
Phylloscopus trochilus 4 1 1.03 2.14  Groebbels et al. 1930
Muscicapa striata 5 1 1.86 6.87  Present study
Ficedula hypoleuca 6 49 1.64 0.79 Ojanen et al. 1981
7 36 1.69 1.12 Ojanen et al. 1981
6.42 (6~7) 85 1.66 0.96 Ojanen et al. 1981
5 8 1.65 0.38  Present study
6 11 1.69 1.51 Present study
7 12 1.64 391 Present study
6.19 (5-8) 32 1.66 2.35 Present study
Parus palustris 8 1 1.24 —1.86 Present study
Parus ater 8.00 (7-9) 2 1.16 1.48 Present study
Parus caeruleus ca. 11.5 23 1.12 220 Winkel 1970
10.67 (10-11) 3 1.08 6.06 Present study
Parus major ca. 11.9 55 1.74° 091 Gibb 1950
ca. 10.0 27 1.60 1.63  Winkel 1970
9 17 1.65 0.85 Ojanen et al. 1981
10 14 1.62 0.49 Ojanen et al. 1981
9.45 (9-10) 32 1.64 0.67  Ojanen et al. 1981
10 1 1.61 0.29 Present study
Pica pica 6 12 9.73 —-1.59 Present study
7 8 10.05 —3.98 Present study
8 7 9.83 ~5.51 Present study
6.47 (3-9) 36 9.77 —4.96 Present study
Corvus monedula 5 11 10.51 —4.89 Antikainen 1978
6 12 10.39 —6.69  Antikainen 1978
5.10 (3-6) 29 10.44 —4.51 Antikainen 1978
6 1 10.33 —6.55  Zimmermann 1951
Corvus corone 4 9 19.29 —5.33 Present study
5 23 18.29 —7.58 Present study
4.64 (3-6) 39 18.52 —-7.22 Present study
Sturnus vulgaris 5 18 6.69 —0.93 Ojanen et al. 1981
6 14 6.85 —-0.73 Ojanen et al. 1981
5.44 (5-6) 32 6.76 —0.84 Ojanen et al. 1981
Passer domesticus 2 44 2.29° —1.29 Pinowski and Myrcha 1977
3 221 2.33° —2.10 Pinowski and Myrcha 1977
4 315 225* —3.02  Pinowski and Myrcha 1977
5 74 220> —4.35  Pinowski and Myrcha 1977
3.64 (2-5) 654 2.27° —274 Pinowski and Myrcha 1977
Fringilla coelebs 4.86 (4-5) 7 2.19 2.07 Present study
Carduelis tristis 5.26 (5-6) 27 1.41 474 Holcomb 1969
Dendroica petechia 4 4 1.58 4.05 Schrantz 1943
Emberiza schoeniclus 7 1 1.93 7.82  Present study
Quiscalus quiscula 5 40 6.58° 3.50 Howe 1976

* Deviation (in %) of the size of the final egg laid from that of the mean size of all the eggs in the clutch.

* Mean egg weight.



