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REPEATABILITY ANALYSIS OF EGG SHAPE IN A WILD TREE
SPARROW (PASSER MONTANUS) POPULATION:

A SENSITIVE METHOD FOR EGG SHAPE DESCRIPTION

MÓNUS, F. and BARTA, Z.

Behavioural Ecology Research Group, Department of Evolutionary Zoology
University of Debrecen, Debrecen H-4010, Hungary, E-mail: monusf@delfin.unideb.hu

The shape of avian eggs varies widely among and within species. To explore this variation,
several methods for egg shape description were used in previous works. The simplest methods
were unsuitable to detect small differences in shape of different eggs, while more elaborated
methods required special equipment, since they were not generally used. In this study we pres-
ent a simple method for egg shape description which incorporate quickness in the field, high
sensitivity to egg shape differences and furthermore require no special equipment. The
method is based on a function which describe the outline of the egg in a two dimensions
co-ordinate system and outline originates from field taken photographs. The method was
tested on clutches of wild living Tree Sparrow (Passer montanus) population. Three out of
four parameters of the function were found to be repeatable in Tree Sparrows. The eggs of re-
petitive clutches of females were more similar considering these egg shape parameters than
eggs of different females. A simple, widely used index to describe egg shape, egg shape index
was found to be far less sensitive in our repeatability analyses. The method described here may
be particularly suitable to investigate intraspecific variation of egg shape.
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INTRODUCTION

Shape of bird eggs become frequently in the field of interest of researchers.
Shape may be contribute in solidity of the egg (BAIN 1991, BAIN & SOLOMON
1991), may affect gas transfer (AR et al. 1974) or the effort needed to manage eggs
in a given shaped nest cup by the incubating parent (ERŐSS 1983). Egg shape may
also have adaptive significance allowing to individual eggs to obtain the largest
possible volume according to species specific clutch size when the surface of over-
all clutch is limited by female incubating patch (DRENT 1975, ANDERSSON 1978,
BARTA & SZÉKELY 1997). While larger egg volume may result in enhanced sur-
vival (WILLIAMS 1994, AMAT et al. 2001). Egg shape was also found to be a useful
trait to identify intraspecific parasitic eggs in a study of Emperor Geese (PETERSEN
1992), which suggests that small intraclutch egg shape variation relative to
interclutch variation may be adaptive for birds to avoid inter- or intraspecific nest
parasitism as it was assumed in case of other visual traits of egg appearance, such
as colour and marking pattern (BROWN & SHERMAN 1989, OIEN et al. 1995,
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STOKKE et al. 2002, see also MOSKÁT et al. 2002). All these evolutionary pro-
cesses are hypothesized to result in the great interspecific and in some species, the
important intraspecific observed variation of egg shape (PRESTON 1969, MÄND et
al. 1986, PETERSEN 1992). These processes are poorly investigated; one of the
main reasons of this is the difficulty of egg shape description.

For statistical analyses it is necessary to characterise egg shape quantita-
tively. Previous work usually described egg shape with parameters derived from
length and breadth, e.g. egg shape index (maximum breadth per length; HICKS
1958, CARTER & JONES 1970, MÄND et al. 1986, BROWN & SHERMAN 1989,
PETERSEN 1992, HORAK et al. 1995, TSERVENI-GOUSI & YANNAKOPOULOS 1995)
or elongation index (length per maximum breadth; GRANT 1982, HENDRICKS
1991, PETERSEN 1992, OLSEN et al. 1994). Because the latter is the reciprocal of
the former and there is no functional difference between them, both will be referred
to as egg shape index (ES) throughout this paper. Although some papers use more
elaborate indices derived from measurements performed by a spherometer
(PRESTON 1953, 1968, 1969) or from various distances between specific points
taken from egg photos (MÄND et al. 1986, PETERSEN 1992), ES remains the most
widely used parameter because it is easy to measure. On the other hand, eggs de-
scribed with the same ES can be of totally different shapes, as illustrated in Figure
1 (see also Fig. 5 in PRESTON 1969). Consequently ES may be insufficient to study
egg shape quantitatively.

In this study our aims are twofold. First, we look for among female and within
female variability of egg shape in a wild Tree Sparrow population by the means of re-
peatability analyses (LESSELS & BOAG 1987, FALCONER 1989, HENDRICKS 1991).
Second, to do so, we test a more elaborate egg-shape description method to elimi-
nate the insensitivity of previous methods based on egg breadth and length, requir-
ing no spherometer, graphics pad or other special equipment and data collecting
could be very fast in the field resulting in the less possible disturbance on the stud-
ied individuals and their eggs.

METHODS

This study was conducted on European Tree Sparrows, Passer montanus m., in the Botanical
Garden of the University of Debrecen (formerly Kossuth University), Hungary, during the summers
of 1998 and 1999. Tree sparrows have been reported nesting in the Garden for decades (BOZSKO

1968, BOZSKO & PAPP 1980). They frequently occupy artificial nest boxes and lay two or three
clutches per year each containing four to six eggs (SUMMERS-SMITH 1995). Since a Tree Sparrow fe-
male usually uses the same nest for her consecutive clutches within a year and during the following
years (SUMMERS-SMITH 1995), we treated consecutive clutches found in the same nest box as the
clutches of the same female. To check for nest faithfulness in our study site, we have been marking
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Tree Sparrows in the Garden by unique combination of colour rings since March 1998 and regularly
surveyed birds using the studied nest-boxes.

Length and breadth of eggs found in the nest boxes were measured and each clutch was photo-
graphed together with a scale. Photographs were taken from the same distance with a 35-mm camera
and with a lens of 50 mm focal length. A special egg-holding platform, a special support for the cam-
era (similar accessories are described in detail in MÄND et al. 1986) and a macro-ring flash were used
to standardise the conditions of photography. Eggs were always tried to place on the platform in such
a way that its equatorial plan is parallel to the platform. We used these photos to determine the outline
of eggs by measuring their length, maximal breadth, and nine other breadths on the photos (Fig. 2).
These nine breadth measurements were taken so that they divided the long axis of the eggs in ten in-
tervals of roughly equal length (Fig. 2). Measurements were made using different methods in the two
years. In 1998, egg photographs were adjusted to the same magnification by photocopying and mea-
surements were performed manually (accuracy: 0.1 mm) with a calliper from these copies. In 1999,
photos were digitalized with a Nikon MSZ-2T camera and measurements were performed with the
help of NIH Image 1.44 for Macintosh (accuracy: 0.05 mm).

Egg shape was described by means of the following function, in such a way that the longitudi-
nal axis of the egg always lies on the x axis (TODD & SMART 1984):

f x Y a X c c x c x c x( ) ( )→ = ± − + + +2 2
0 1 2

2
3

3 (1)

where 2a is the length of the egg, X, Y gives the co-ordinates of outline points and x = X / a. The func-
tion has four parameters, i.e. c0, c1, c2 and c3. 2ac0 gives the equatorial breadth of the egg. With in-
creasing c1 egg shape becomes more pointed, c1 and c3 determine asymmetry of the egg, while c2 de-
termines the bicone character (PRESTON 1968) of the egg. The parameters c1, c2 and c3 are similar to
that, which were used by PRESTON (1953, 1968, 1969) to calculate asymmetry, bicone and alcidy,
nevertheless PRESTON used polar coordinates to determine egg shape.

Egg shape was quantified by finding those values of c0, c1, c2 and c3 parameters that give the
best fit of the function to the outline points. Assuming the egg symmetric along the line of maximal
length, parameters were calculated from data collected from the photographs using the computer al-
gorithm of PRESS et al. (1992) for multivariate least square fitting. Besides the above-mentioned pa-
rameters, ES of each egg was also calculated, since ES is widely used in the literature regarding egg
shape (see in Introduction).
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Fig. 1. Differently shaped eggs characterised with the same egg shape index (ES = 0.7)



To compare intra- and inter-individual variation repeatability analyses were used (FALCONER

1989, RIDLEY 1993). Repeatability (r) divides phenotypic variance (VP) of a trait into among- and
within-individuals variation in a given population. It shows the proportion of genetic (VG) and gen-
eral environmental (VEg) variance to total phenotypic variance excluding the special environmental
variance (VEs) from the numerator (FALCONER 1989):

VP = VG + VEg + VEs (2)

r = (VG + VEg) / VP (3)

We estimated repeatability based on two markedly different statistical designs. A hierarchical,
nested ANOVA was recently proposed to use uniquely (FLINT et al. 2001) when estimating repeat-
ability values of egg parameters. Being widespread, repeatabilitiy estimated from one-way ANOVA
(HENDRICKS 1991, PETERSEN 1992) is also published to make our results comparable to previous
studies. In this latter case groups in the ANOVA consist clutch-averages of the trait of consecutive
clutches laid by the same female. This way of calculation may not consider both within-female within
clutches and within-female among clutches variability of trait, accordingly excludes within-clutch
variation from the analyses and may inflate repeatability estimates (FLINT et al. 2001). However, the
hierarchical method considers all three possible sources of variation, i.e. within clutch, within female
and among females variation (BANBURA & ZIELINSKY 1998, FLINT et al. 2001).

Repeatabilities were calculated according to LESSELS & BOAG (1987). Standard error of re-
peatability was calculated following BECKER (1984). Samples of the two years cannot be considered
as independent samples, because females may occur in both samples (as one of the marked females
does). In the case of unmarked females we cannot be sure that we excluded repeated sampling of the
same female, thus, we treated data of the two years separately. Statistical analyses were performed
using SPSS 9.0 for Windows.
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Fig. 2. Data collecting method results in 22 co-ordinates of each eggs



RESULTS

We examined 15 clutches (68 eggs) from eight nest boxes and 9 clutches (45
eggs) from four nest boxes in 1998 and 1999, respectively. Since Tree Sparrow is a
nest-faithful species (SUMMERS-SMITH 1995), we considered the clutches found in
one box, as the clutches laid by the same female. This statement is also supported
by our observations. Colour ringing allowed us to identify three females in 1998
and one in 1999 out of the females included in this study. All of them used the same
nest box for the consecutive clutches.

First we tested our sampling and measuring method. Placing the egg on the
platform during photographing did not affect seriously the outline of the egg (Fig.
3). To estimate the measurement error, three sets of measurements were performed
on five randomly selected egg photos in both years. Regarding the extracted pa-
rameters, ANOVA shows significant difference between the parameters of differ-
ent eggs, which means that the measurement error does not hide the differences be-
tween egg shapes (Table 1). We compared length and breadth measured in the field
and the derived egg shape indices to those collected from photos. Though both
length and breadth measurements taken in the field were significantly higher than
those derived from the photos (paired t-tests; length: t = 2.04, df = 67, p = 0.045;
t = 31.43, df = 44, p < 0.001; breadth: t = 2.36, df = 67, p = 0.021; t = 21.83, df = 44,
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Fig. 3. The effect of egg-photographing on the description of outline. Panel a shows ten outlines de-
scribed following the photos of ten randomly chosen eggs, panel b shows ten outlines described fol-

lowing ten different photos of one randomly chosen egg



p < 0.001; for 1998 and 1999, respectively), the differently measured ES values do
not differ significantly (t = –0.28, df = 67, p = 0.781; t = –0.53, df = 44, p = 0.598;
for 1998 and 1999, respectively) suggesting that we measured the same shape in
both ways despite of the discrepancies between the two sets of length and breadth
data. Discrepancies result from our photographing method. During the process the
scale was placed on the platform holding the eggs, i.e. the equatorial plan of the
eggs and the plane of the scale were not exactly at the same distance from the cam-
era. To support this argument, differences between the two length and breadth data
of the eggs were correlated positively to lengths and breadths measured from pho-
tos, respectively (for lengths vs differences between lengths: rs = 0.3969, n = 68,
p < 0.001; rs = 0.1743, n = 45, p = 0.126; for breadths vs differences between
breadths: rs = 0.3921, n = 68, p < 0.001; rs = 0.4447, n = 45, p = 0.001 in 1998 and
1999, respectively). These results suggest that our photographing method does not
distort the shape of eggs, i.e. it may be suitable to examine egg shape.

Mean values of length, breadth, ES, c0, c1, c2 and c3 for each female and for the
studied population are shown in Table 2. Repeatabilities calculated from one-way
ANOVAs ranged from 0.65 to 0.92, calculated from nested ANOVAs ranged from
0.21 to 0.60 for c1, c2 and c3. In the case of length, breadth, ES and c0 repeatability
values were not significant (Table 3–4). All repeatability values calculated from
nested ANOVAs were lower that the corresponding ones calculated from one-way
ANOVAs, except of repeatability for length in 1999.

The similar results for ES and c0 are not surprising because ES is the length
divided by the maximal breadth (Bmax), c0 is the length divided by equatorial
breadth (Beq) and in the case of most avian egg there is a very little difference be-
tween Bmax and Beq (PRESTON 1974). Accordingly, these two parameters correlate
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Table 1. The accuracy of egg shape measurements. Results of comparison by ANOVA (df = 4 and
10; MSA and MSW are the among-group and the within-group variances, respectively) and repeat-

ability analyses (r) of three sets of measurements made on five randomly selected eggs

parameter year MSA MSW F-ratio P r±SE

c0 1998 0.0046 0.0001 91.65 0.0000 0.94±0.028

1999 0.0021 0.0000 131.26 0.0000 0.98±0.011

c1 1998 0.0005 0.0001 4.45 0.0254 0.57±0.145

1999 0.0026 0.0002 12.11 0.0000 0.80±0.082

c2 1998 0.0017 0.0003 6.00 0.0100 0.61±0.137

1999 0.0070 0.0001 57.47 0.0000 0.96±0.019

c3 1998 0.0090 0.0021 4.70 0.0216 0.55±0.149

1999 0.0059 0.0020 2.92 0.0472 0.39±0.171
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strongly (rs = 0.9887, n = 113, p < 0.001) and can be considered as equivalent egg
shape specifiers. Using c1, c2 and c3 additional parameters provides more informa-
tion on egg shape than ES alone. Furthermore, results of analyses of variance show
that these parameters are sufficiently sensitive to yield significant differences even
with our small sample size. This may be due to that these additional shape-specifiers
are much more variable then breadth, length and ES. In the studied population (n =
113; eggs pooled for the two years) the coefficients of variation for breadth, length,
ES and c0 ranged from 3.53% to 4.86%, while for c1, c2 and c3 its were 38.18%,
365.18% and 1063.31%, respectively.
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Table 3. Results of one-way ANOVAs and repeatabilities (r) of clutch means of egg traits of Tree
Sparrow females in 1998 and 1999

years

1998 (df = 7 and 7) 1999 (df = 3 and 5)

parameter F value(a) r±SE F value(a) r±SE

length 2.1962(NS) 0.36±0.154 1.0579(NS) 0.03±0.158

breadth 1.1760(NS) 0.08±0.182 0.3366(NS) NAb

ES 0.4238(NS) NAb 2.1920(NS) 0.42±0.136

c0 0.5536(NS) NAb 2.4596(NS) 0.47±0.129

c1 11.5786(**) 0.84±0.050 26.4543(**) 0.92±0.026

c2 3.7210(*) 0.65±0.100 12.3403(**) 0.85±0.047

c3 6.8566(**) 0.70±0.088 6.5465(*) 0.76±0.071
a significance levels (NS: not significant, p > 0.05; *: p < 0.05; **: p < 0.01)
b NA: repeatability is not applicable because F-value is smaller than 1

Table 4. Among females repeatabilities (r) of egg traits of Tree Sparrow females in 1998 and 1999
from nested ANOVAs, clutches are grouped within particular females

years

1998 (df = 7 and 7) 1999 (df = 3 and 5)

parameter F value(a) r± SE F value(a) r±SE

length 2.2613(NS) 0.31± 0.141 1.1218(NS) 0.05±0.116

breadth 1.1819(NS) 0.06± 0.084 0.2978(NS) NAb

ES 0.4013(NS) NAb 2.2156(NS) 0.23±0.205

c0 0.5444(NS) NAb 2.5783(NS) 0.28±0.222

c1 13.0899(**) 0.60± 0.134 23.2565(*) 0.54±0.237

c2 3.6932(*) 0.21± 0.126 12.0386(*) 0.43±0.244

c3 7.0572(**) 0.37± 0.146 5.7153(NS~) 0.29±0.223
asignificance levels (NS: not significant, p > 0.05; ~: p < 0.10; *: p < 0.05; **: p < 0.01)
bNA: repeatability is not applicable because F-value is smaller than 1



DISCUSSION

In this study we were interested to estimate repeatability values of some
well-elaborated egg shape parameters of Tree Sparrow eggs. Nested ANOVAs
(FLINT et al. 2001) resulted in moderate repeatability estimates (ranges 0.21–0.60)
for c1, c2 and c3 egg shape parameters and much higher repeatabilitiy values (ranges
0.65–0.92) derived from the corresponding one-way ANOVAs. Repeatability esti-
mates of egg shape traits using one-way and nested ANOVA differ similarly as it
was found in a previous work (for ES in BANBURA & ZIELINSKY 1998) and sup-
port FLINT et al. (2001) results, i.e. the true repeatability value of egg traits should
be calculated using hierarchical variance analysis. A simple (not hierarchical)
one-way ANOVA cannot take account both within-female among clutches and
within-female within clutches variability and so thus may seriously overestimate
the true value of among female repeatability. In case of c1, c2 and c3 shape-
specifiers we detected significantly greater among- than within-female variance
which may occur due to heritable genetic variance, maternal effects or interaction
of genetic and environmental factors (FALCONER 1989, RIDLEY 1993).

As, we were not able to check (e.g. by DNA fingerprinting) the genetic
mother of the eggs, our repeatability calculations are based on clutches which may
contain eggs laid by conspecifics. This phenomenon, which is called intraspecific
brood parasitism or egg dumping, can be considered as a source of error in our re-
peatability analyses. Egg dumping increases the within clutch variance, i.e. in the
case of nested ANOVA based estimates it decreases, in the case of one-way
ANOVA based estimates it increase our estimated values. As intraspecific brood
parasitism usually has a very low frequency (MØLLER & BIRKHEAD 1993, PER-
REAULT et al. 1997) so the caused error may be of little amount. CORDERO et al.
(2002) analysed the DNA profile of hatched nestlings of 75 broods of Tree Spar-
row and found any offspring denoting to egg dumping (PHILIPP HEEB pers.
comm.). However, the last egg of a Tree Sparrow brood often differs from earlier
ones in size, shape and colour (SUMMER-SMITH 1995, pers. observations) and it
may have similar effect on our repeatability estimates than an incidental egg
dumping, since we assume that the true repeatability of the studied parameters may
located between values estimated by the means of the two way of repeatability cal-
culations.

Repeatability of ES has been investigated in numerous avian groups, i.e. geese
(BATT & PRINCE 1978, DUNCAN 1987, LEBLANC 1989), shorebirds (THOMAS et
al. 1989), and passerines (VAN NOORDWIJK et al. 1981, HENDRICKS 1991, HORAK
et al. 1995) and these authors found high repeatability values for ES. We found c1,
c2 and c3 are more variable among females, while ES which is derived from length
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and breadth, and the related c0 have more variation within females. Hence, in Tree
Sparrows we found egg shape to be more repeatable than egg size, similarly to the
results of PETERSEN (1992) in the case of Emperor Geese. Egg size (length, breadth)
and egg size dependent parameters (ES, c0) may be influenced considerably by en-
vironmental factors (BANBURA & ZIELINSKY 1998), including quality (KRAPU
1979, DUNCAN 1987, PEHRSSON 1991), and abundance of food (NILSSON &
SVENSSON 1993), daily surplus of energy and nutrients (PERRINS 1996), and the
condition of the female (SMITH et al. 1993). In contrast, parameters not so sensitive
to egg size variation like c1, c2 and c3 were more consistent in this study and may
more likely be influenced by genetic factors.

The described method detects small differences among egg shapes, suggest-
ing that it may be useful to study intraspecific brood parasitism. A paper on
intraspecific brood parasitism (PETERSEN 1992) used parameters calculated from
distances of specific points of eggs. We suggest that our method which is based on
describing the outline of eggs with a function, may give a better chance to identify
parasite eggs. BAKER (2002) recently published a simple analytic method to de-
scribe egg shape using two parameters: elongation and asymmetry. He tested his
method on the eggs of 250 bird species, however, he used one egg of each species
in his analyses, since he did not investigated intraspecific variability of egg shape.
To make sure of which method is more suitable to study intraspecific egg shape
variability the two method must be compared in the future.

The mentioned function is also suitable to calculate egg volume. Integrating
equation 3 from –a to a gives the volume of the egg. So, photographing eggs and
finding the best fitting function parameters allow us to simply estimate egg vol-
ume. This kind of egg volume estimation does not ignore egg shape variation (as
authors often do it: HENDRICKS 1991, BANBURA & ZIELINSKY 1998, AMAT et al.
2001), which may be important when someone is interested to measure exact vol-
ume of individual eggs.
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