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Abstract: Egg dimensions affect hatchling survival and development. The variance in egg dimensions
between and within clutches has been explained by laying order, heritability, physiological and
environmental pressures, and brood reduction.  Here, we describe the within-clutch variance in egg
dimensions in a breeding population of Loggerhead Shrike (Lanius ludovicianus) in south-central Florida
to explore its adaptive significance.  Mean repeatability estimates were 0.65, 056, 0.66, 0.57 for length,
breadth, volume and elongation index, respectively. These results show that heritability exerts a relatively
large influence, but one can also expect environmental pressures to influence egg dimensions. Description
of egg variability and their sources can be particularly important for North American Loggerhead Shrikes
because of their wide distribution, and the uncertainty of the reasons contributing to its population decline.

Key words: egg size, Loggerhead Shrike, Lanius ludovicianus, population decline, repeatability

INTRODUCTION

Egg dimensions are known to affect hatchling survival (MAGRATH 1992, SMITH

et al. 1995, SMITH & BRUUN 1998) and subsequent development (SCHIFFERLI 1973,
STYRSKI et al. 1999, TAKAGI 2003) even though a relationship between relative egg
size and offspring fitness is not apparent (WILLIAMS 1994).  Hence, the knowledge
of genetic heritability of egg dimensions is important in order to describe the effects
of environmental pressures (OJANEN et al. 1981, BAÑBURA & ZIELIÑSKI 1990, FAL-
CONER & MACKAY 1995, ZDUNIAK & ANTCZAK 2003), and high repeatability shows
a significant heritable component of the phenotype (BOAG & VAN NOORDWIJK 1987).

Eggs within a clutch show variance in dimensions and the variance has been
explained by laying order (NILSSON & SVENSSON 1993, APARICIO 1999), heritability
(OJANEN et al. 1979), physiological and environmental parameters (OJANEN et al.
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1981, NAGER & ZANDT 1994, ZDUNIAK & ANTCZAK 2003), and brood reduction
(CLARK & WILSON 1981, VINUELA 1997).

The Loggerhead Shrike (Lanius ludovicianus) is an important indicator of
environmental quality because of its exclusively predatory feeding habits and close
association with agricultural areas (HANDS et al. 1989).  This shrike has undergone
a steady decline in numbers since the mid-1900s (MORRISON 1981, ROBBINS et al.
1986) and has been of special concern to conservationists for over four decades
(ARBIB 1972, HANDS et al. 1989, YOSEF 1996). Although many factors have been
implicated in this population decline (BUSBEE 1977, ANDERSON & DUZAN 1978,
BYSTRAK 1983, CADMAN 1985, BROOKS & TEMPLE 1990a, b, HANDS et al. 1989,
LYMN & TEMPLE 1991, YOSEF 1994, CADE & WOODS 1997), we still lack a precise
understanding of how to stop the decline. More studies, of all possible parameters of
their life cycle, are required to further our understanding of the possible reasons that
may have contributed to the continued decline of the species across all of its breed-
ing range.

In a study of within-clutch egg-dimension variability in the Bull-headed Shrike
(Lanius bucephalus) in Japan, TAKAGI (2003) found that higher food availability was
related to reduced variation in egg volume. He also discovered that only in 6-egg
clutches there was a significant difference in egg volume, and that the first egg was
the smallest.

Similarly, the aim of this study is to understand the degree of repeatability of
egg dimensions in clutches of a breeding population of Loggerhead Shrike (L. ludo-
vicianus) in south-central Florida in order to explore the adaptive significance of
within-clutch variance in egg dimensions. We also attempted to understand the de-
gree of environmental pressures that influence an egg-laying female in this species.

STUDY AREA AND METHODS

In 1991�1993, RY studied Loggerhead Shrike nesting behavior and ecology at
the MacArthur Agro-ecology Research Center (MAERC; 27º05�N, 81º10�W; altitude
11 m) of the Archbold Biological Station, Highlands County, south-central Florida
(YOSEF 1994, 2001, YOSEF & DEYRUP 1998). MAERC is a 4,200-ha working cattle
ranch, nearly equidistant from the Atlantic and Gulf of Mexico coasts, and has ex-
tensive pastures. All studied pairs (about 14 annually) were sedentary and defended
their territories year-round. Barbed wire fences enclose the pastures. Cabbage
Palmetto (Sabal palmetto), Live Oak (Quercus virginianus), Wax Myrtle (Myrica
cerifera), and a few other species of trees and shrubs grow along the fencelines,
creating linear habitats that are used by shrikes for nesting. Blackberry (Rubus
betulifolius) shrubs are also scattered in the pastures.

Within the framework of a larger project, RY measured 80 eggs from 21 nests
with complete clutches during 2 breeding seasons: 6 clutches in 1991 and 15 in 1992.
The Loggerhead Shrike lays an egg every consecutive morning till the clutch is com-
pleted. Incubation usually begins with the penultimate egg and results in asynchro-
nous hatching, which occurs over 2�3 days in each clutch (YOSEF 2001). Laying order
of eggs within a clutch and clutch size were determined by daily nest visits during
the egg-laying period.
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The length (L) and breadth (B) of eggs in complete clutches was measured with
a vernier caliper to the nearest 0.1 mm (Table 1). Egg volume (V) was estimated
following HOYT�s (1979) formula: V = 0.51 * L * B2. For clear presentations, the
calculated volume values were divided by 1000 and are presented in cm3. An index
of egg elongation was calculated by dividing egg length by egg breadth. To avoid
the problem of pseudoreplication, egg size was defined as the mean volume of all
eggs laid in each nest (LESSELLS & BOAG 1987, SOLER & SOLER 1996). Data from
the two years were pooled for over-all analyses.

Within-clutch coefficient of variation (CV) of egg measurements was calculat-
ed according to the formula:

where  is the standard deviation (square root of within-clutch mean square divided
by within-clutch degrees of freedom) and �Y is the mean of the egg measurement within
the clutch. Because the coefficient of variation calculated with the above formula is
known to be biased, especially for small sample sizes (SOKAL & ROHLF 1995), a
correction was applied:

where CV* is the bias-adjusted estimate of coefficient of variation, and  is the clutch
size.

One-way analysis of variance (ANOVA) was conducted in order to obtain the
variance components. Repeatability was calculated as within-class correlation coef-
ficient (SOKAL & ROHLF 1995), by applying the formula:

where MSA is the between-clutch mean square, MSW is the within-group mean square,
and n0 is a coefficient related to sample size per group in ANOVA, given by:

Egg trait Clutch mean (95% CL) Range 
(clutch means, n=21) 

Range 
(all eggs, n =80) 

Length [mm] 25.39 (24.99–25.79) 23.50–26.43 22.90–27.20 

Breadth [mm] 18.59 (18.43–18.76) 18.10–19.40 17.70–19.80 

Volume [cm3]   4.48 (4.37–4.59) 4.09–4.88 3.81–5.06 

Elongation   1.37 (1.34–1.39) 1.27–1.44 1.23–1.54 
 

Table 1. Means and ranges for egg measurements for the Loggerhead Shrike in south-central Florida
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where n
i
 is the size in the i-th group and is the number of groups (LESSELLS & BOAG

1987, FALCONER & MACKAY 1995). Standard errors for repeatability values were
calculated as described by BECKER (1992). Throughout the text, we use the abbrevi-
ation CL for the 95% confidence limits.

RESULTS

Loggerhead Shrike clutches (n=21) comprised from 2 to 5 eggs. Mean clutch
size was 3.81 (CL: 3.41�4.21), modal clutch size was 4 (Fig. 1).  Means and ranges
for the egg dimensions are given in Table 1.
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We conducted a one-way ANOVA to test for the presence of a possible trade-
off between egg size and clutch size. No significant differences in egg dimensions
were found between clutch size classes (egg length F3. 17 = 0.78, p = 0.5210; breadth
F3. 17 = 0.95; p = 0.4372; volume F3. 17 = 1.11, p = 0.3721; elongation index F3. 17 =
0.60, p = 0.6264).

Egg volume did not vary with laying order in three- (one-way ANOVA, F2. 18
= 0.35, p = 0.7115), four- (F3. 28 = 0.03, p = 0.9940), or five-egg clutches (F4. 20 =
1.81, p = 0.1669).

The greatest within-clutch variation was recorded for egg volume CV* = 3.50
(CL: 2.50�4.50); then, in descending variance, for the elongation index CV* = 2.81
(CL: 1.93�3.70), egg length CV* = 2.19 (CL: 1.39�2.99) and egg breadth CV* =
1.20 (CL: 0.68�1.73).

Fig. 1. Frequency distribution of clutch size (n=21) in Loggerhead Shrikes whose eggs were measured in
south-central Florida
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The coefficient of within-clutch variation differed significantly for egg dimen-
sions (Friedman ANOVA; P2 = 26.02, df = 3, n = 21, p < 0.00001).

No significant differences between within-clutch coefficients of variation for
different clutch size classes were found for egg volume (Kruskal-Wallis ANOVA,
H

3
 = 6.16, n = 21, p = 0.1039).

Mean repeatability estimates were 0.65, 056, 0.66, 0.57 for length, breadth,
volume and elongation index, respectively (Table 2).

Egg trait F df r 95% CL 

Length 8.00 20 0.65 0.45–0.82 

Breadth 5.94 20 0.56 0.35–0.76 

Volume 8.39 20 0.66 0.47–0.82 

Elongation 6.09 20 0.57 0.36–0.77 
 

DISCUSSION

Egg volume did not vary with laying order in our study of Loggerhead Shrikes
in south-central Florida.  It is possible that the lack of measurements for the few larger
clutches (of 6 and 7 eggs) and a limited sample size (n=21 clutches) has influenced
the results and our subsequent conclusions. TAKAGI (2003) reported similar results
for the Bull-headed Shrike. He found significant differences in egg volume in rela-
tion to laying order within 6-egg clutches, but not within other clutch size classes.
Further, he found that the mean egg volume increased for the first 3 eggs and did
not vary thereafter till the entire clutch was laid. He also found significant differenc-
es between the first and last eggs laid in large clutches. He discovered that in 6-egg
clutches the first egg laid had the smallest volume but mortality was lower for first-
hatched nestlings from smaller eggs than for nestlings that hatched from larger eggs
that were laid late in the hatching order.  He thought that asynchronous hatching
benefited those nestlings that hatch from the small first eggs by the food provisioned
by the parents until the rest of the siblings hatch from the larger eggs 24�48 hrs later.
Unfortunately, TAKAGI (2003) does not present repeatability indices for the egg di-
mensions in his study, preventing a comparison with the Loggerhead Shrike data.
Further, the fact that RY did not measure the 6�7-egg clutches found in his study,
prevent us from understanding completely the egg formation, laying order, and sub-
sequent hatchling survival in the Loggerhead Shrikes in Florida.

In most of passerine studies that evaluated within-clutch variation of egg di-
mensions, the greatest variation was for egg volume and the least for egg breadth
(OJANEN 1983, BAÑBURA 1996, TRYJANOWSKI et al. 2001). The latter is most prob-
ably the result of the restricted oviduct aperture (VAN NOORDWIJK et al. 1981) and
increase in egg volume can be achieved mostly by increasing egg length � a dimen-

Table 2. Repeatability (r) of Loggerhead Shrike egg length, breadth, volume, and elongation index of 21
clutches measured in south-central Florida. All F ratios (one-way ANOVA) are significant at p < 0.000001
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sion apparently not restricted by physiological and mechanical limitations. This was
also true for the Loggerhead Shrike clutches in south-central Florida. Values that range
between 0.56 and 0.66 show that heritability accounts for a relatively large influ-
ence, but one can expect environmental pressures to also influence egg dimensions.
The repeatability estimates for Loggerhead Shrikes are: (1) low compared to those
of Hooded Crow (Corvus corone, 0.62�0.73; ZDUNIAK & ANTCZAK 2003), Pied
Flycatcher (Ficedula hypoleuca; 0.73�0.76; OJANEN et al. 1979), and Great Tit (Pa-
rus major; 0.71�0.72; OJANEN et al. 1979); (2) comparable to those of Buff-bellied
Pipit (Anthus rubescens; 0.57�0.82; HENDRICKS 1991), Barn Swallow (Hirundo
rustica; 0.45�0.85; BAÑBURA 1996), White Stork in Europe (Ciconia ciconia; 0.53�
0.68; PROFUS et al. 2004), and Jackdaw (Corvus monedula; 0.54�0.64; TRYJANOWSKI

et al. 2001); and (3) higher than those of Bearded Tit (Panurus biarmicus; 0.47�
0.50; SURMACKI et al. 2003).

If egg size affects fitness, then egg size differences among populations could
be indicators of different environmental pressures and limitations on bird populations.
The degree of repeatability can help us understand the status of local populations
and to make comparisons within populations between years, and between geographi-
cally disjunct populations (e.g., resource availability, ambient temperature, etc.;
BAÑBURA & ZIELIÑSKI 1998, CHRISTIANS 2002). The technique can also help estab-
lish the degree to which phenotypic variation in traits is associated with egg size and
is genetically determined, because repeatability is the upper limit of heritability
(CHRISTIANS 2002). Description of egg variability and its sources can be particularly
important for North American Loggerhead Shrikes because of their wide distribu-
tion, and the uncertainty of the reasons contributing to the population decline (YOSEF

1996).  We hope that this study will encourage present and future Loggerhead Shrike
researchers to measure all eggs in clutches studied and to shed light on the differ-
ences between the populations of the various subspecies and geophysical regions of
North America.
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