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Abstract During field studies in 1997–1999 in South Bohemia (Czech Republic), we found significant differences in
size between the sexes in a local breeding population of
red-backed shrike Lanius collurio. Males were significantly
larger than females for wing length and tarsus length, but
had smaller body mass than females. However, there was
considerable overlap in the ranges of these parameters
between the sexes. Interestingly, pairs were formed at
random with respect to wing length and tarsus length, but
assortative mating was significant for body mass/body
condition. Among tested variables, only male wing length
correlated significantly with nestling body mass at day 7.
However, clutch size and the number of fledglings strongly
depended on differences in tarsus length between mates,
but not on body size of mates. Individual improvements in
foraging skills and/or courtship feeding rates are proposed
as possible explanations for these findings.
Key words Assortative mating · Body condition · Czech
Republic · Lanius collurio · Measurements · Red-backed
shrike · Sex specific differences

Introduction
Sexual size dimorphism, hereafter SSD, has been linked to
sexual selection, food preferences, responses to densitydependent processes and competition (Przybylo 1995;
Blondel et al. 2002). Natural selection can affect SSD in a
bird pair and may favour it especially when food abundance
is less than optimal (Van Valen 1965; Przybylo 1995).
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On the other hand, assortative mating, defined as nonrandom mating with respect to some phenotypic character,
may be indicative of active mate choice. Assortative mating
may be based on, as well as constrained by, several factors,
such as sensory biases (Ryan 1998), search costs for prospecting females (Alatalo et al. 1988; Slagsvold et al. 1988),
or partner’s age (review in Reid 1988). In particular, mate
preferences apparently based on age are known in some
bird species, resulting in positive age-assortative mating, i.e.
birds of about the same age are more likely to become
paired. However, most data on assortative mating is limited
to birds that are highly sexually dimorphic in size, such as
raptors, waders or geese, with only few examples for passerines (Potti 2000; Delestrade 2001). Many authors have documented the existence of assortative mating by correlation
analysis but have not focussed on the ecological consequences. An exception is Potti (2000), but his analysis was
limited to age-assortative pairing.
Selective pressures can therefore result in both extremes
of size similarity between partners in a bird pair, i.e. strong
dissimilarity, and hence a tendency to increase SSD, and
strong similarity, expressed as positive assortative mating.
Within such selective pressures, natural selection may act
on both SSD and assortative mating, and effects may be
either positive or negative depending on environmental and
other conditions. In harsh environs, SSD may positively
influence offspring condition and breeding success because
parents can exploit different dietary niches. In contrast, in
good conditions, selection on positive assortative mating
should be stronger, to eliminate potential incompatibility
between mates. It should be present mainly by selection on
larger body size in both sexes, because many fitness traits
are generally positively correlated with larger size (Gibson
and Langen 1996; Widemo and Saether 1999; but see
Jonsson 1987).
We describe sexual size differences, assortative pairing
and their consequences in a local breeding red-backed shrike
Lanius collurio population. The red-backed shrike is a small
(body mass ca. 28–32 g), socially monogamous, passerine
bird with conspicuous sexual dichromatism, widely distributed throughout Europe. The species is a long-distance
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migrant with wintering grounds in southern and southeastern Africa. It is a good subject for a study of the influence
of SSD and assortative mating on breeding parameters for
several reasons. Firstly, there is no evidence that pair formation occurs away from the breeding grounds, i.e. in winter
or on the migration route, (e.g. Herremans 1997; Harris and
Franklin 2000; Tryjanowski and Yosef 2002; Vot y¢ pka et al.
2003). Secondly, because red-backed shrike populations are
frequently subjected to food stress (Leugger-Eggimann
1997; Tryjanowski et al. 2003), evolutionary factors linked
with foraging differences between the sexes may be evident.
And thirdly, in an earlier paper (Vot y¢ pka et al. 2003), we
found a bias in pair formation related to parasite status
which was suggestive of assortative mating. However,
because the blood samples were collected after pairformation, this evidence was suggestive at best; here we pay
special attention to the period of actual pair formation.

Materials and methods
The study area (15 km2) was located in South Bohemia
northeast of the town of Písek (49°19¢N, 14°15¢E). Different
aspects of the breeding ecology of the red-backed shrike
have been studied in this area over the period 1989–1999.
The mean population density was 3.5 pairs/km2. However,
sufficient numbers of adults for this study were trapped only
in 1997–1999. In total, 79 adult males and 79 adult females,
i.e. 79 mated pairs, were trapped during different stages of
their breeding cycle. For more details about the study area
and the local red-backed shrike population, see Šimek
(2001).
In the local population, the red-backed shrikes arrived
from African wintering grounds in early May, and after
some days start to pairing and to continue other breeding
activities. During that time, birds were attracted by mealworms inserted as a lure and trapped by using bowl-traps
or mist-nets ( Šimek 2001). Individuals were ringed, sexed
and aged according to Svensson (1992), and then basic body
measurements were taken. For each individual, we measured the length of the right wing (maximum chord, with an
accuracy of ±0.5 mm) with a metric ruler, the length of the
right tarsus (with an accuracy of ±0.05 mm) with callipers,
and body mass (±0.1 g) with a spring balance. We estimated
body condition index as residuals from a regression of body
mass on tarsus length (for more details on index computation and their significance, see Tryjanowski et al. 2004).
Because of a significant decrease in the female body mass
(and therefore body condition index) during the breeding
cycle (Takagi 2002; J. Šimek, unpublished data), the body
mass of each female was adjusted by regression analysis to
that at the time the first egg was laid. All morphological
parameters and reproductive measurements were made by
one person (J. Šimek).
For measuring SSD, we used the absolute differences
between linear traits (wing length and tarsus length) in
each pair. We did not use principal component analysis, an
alternative and commonly used method, e.g. Blondel et al.

(2002), because wing length and tarsus length relate to different type of foraging used by shrikes (e.g. hovering flight
and sit-and-wait) and thus selection may work independently on these traits (Leugger-Eggimann 1997; Hromada
et al. 2003).
To find potential relationships between morphological
differences in the red-backed-shrike pairs and reproductive
parameters, only data for first (non-replacement) breeding attempts were included in the analyses. The timing of
breeding was established separately for all 3 years and was
expressed relative to the median value, which was set at 0,
for the breeding population as a whole in each year. As a
measure of breeding success, we counted the number of
fledglings in each nest. Nestlings (in 41 nests) were individually marked (colour points on the body, rings). They were
also weighed to the nearest 0.1 g at age 6–9 days (day of
hatch = 0) and body mass was then recalculated by regression to give mean nestling body mass at day 7.
We measured the power of assortative mating using correlation analysis. However, we did not test age-assortative
mating, because of insufficient data ( Šimek 2001). After the
first winter, exact age cannot be determined by plumage
features (Svensson 1992) and, despite reasonably high local
recruitment, the numbers of known-age ringed birds was
too small for analysis ( Šimek 2001).
Effects of body size and of differences between mates
within pairs were tested using forward model selection in
multiple regression analysis, keeping only variables and
interaction terms in the models with significance of P < 0.1.
Statistics were performed using SPSS for Windows following Zar (1999), and all tests were two-tailed. Data are
presented as means ± SD. Although neither body measurements nor reproductive traits differed significantly between
years (P > 0.25 in all comparisons), effect of year was controlled in all analyses. Sample sizes differed slightly among
analyses because not all measurements were available for
all individuals.

Results
Sexual size dimorphism
Significant differences occurred between the sexes for all
measurements (Table 1). Thus, in adult red-backed shrikes,
females were on average heavier than males. On the other
hand, in the case of both linear traits, males were on average
larger than females. Thus, females, during the start of breeding, were in better condition than their mates (body condition index 1.39 ± 0.16 vs 1.19 ± 0.07, females vs males,
respectively, U-test, Z = -7.63, P < 0.0001).
Assortative mating
Pair mates did not resemble each other in wing length
(r = 0.08, N = 78, P = 0.48) or tarsus length (r = 0.13, N = 74,
P = 0.26). However, there were strong positive relationships
between mates in both body mass (r = 0.33, N = 79,
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Table 1. Differences in body measurements between the sexes for red-backed shrikes Lanius collurio. Sample size was 77–79 females and 75–
78 males in following analyses (see Materials and methods for details). DI dimorphism index = (mean females/mean males) ¥ 100. Effect of year
was controlled in all analyses (ANCOVA, effect of year at P > 0.2 in all cases). Differences in body mass and wing length were also statistically
significant after sequential Bonferroni method for multiple tests
Variables

Body mass (g)
Wing length (mm)
Tarsus length (mm)

Mean ± SD
Females

Males

32.0 ± 3.6
93.1 ± 2.5
23.18 ± 0.62

27.9 ± 1.5
94.2 ± 2.1
23.43 ± 0.66

DI

F

P

114.8
98.8
98.9

87.70
8.78
6.31

<0.001
0.004
0.013

Table 2. Effects of measured body traits and of differences in body measurements between the sexes (SSD) on various reproductive traits of
red-backed shrikes. Only variables with significant effects are shown, but effect of year is given in all cases. Note that there is no significant effect
for laying date. However, after sequential Bonferroni correction to multiple tests only affect male wing on the body mass of nestlings was
statistically significant

Clutch size
SSD tarsus
Year
Number of fledglings
SSD tarsus
Year
Body mass of nestlings at day 7
Male wing
Year

df

R2

F

P

1, 45
2, 45

0.10

4.77
0.24

0.034
0.781

1, 64
2, 64

0.12

4.17
1.93

0.045
0.154

1, 37
2, 37

0.25

9.87
0.57

0.003
0.569

Effect of body size and SSD on reproductive traits
Clutch size and fledgling number decreased significantly as
the breeding season progressed (respectively: r = -0.43,
N = 40, P = 0.006 and r = -0.40, N = 48, P = 0.005). In contrast, average nestling body mass at 7 days of age was not
influenced by the timing of breeding (r = 0.04, N = 36,
P = 0.816).
Body mass of parents and theirs linear measurements of
size differences between the sexes had no significant effect
on laying date. Male wing length significantly affected nestling body mass at day 7 (Table 2 and Fig. 2). No other body
size measurements nor SSD explained a significant proportion of the variance in the models (P = 0.11 for female wing
length, and P > 0.45 for all other variables). However,
clutch size and the number of fledglings were slightly influenced by the differences in tarsus length between mates
(Table 2), but not by the difference in body mass body mass
of mates.

Discussion
Fig. 1. Relationship between body masses of red-backed shrike Lanius
collurio mates (r = 0.33, N = 79, P = 0.003). Effect of year (circles 1997,
triangles 1998, squares 1999) was controlled in partial correlation

P = 0.003) and body condition (r = 0.35, N = 75, P = 0.002).
Thus, there was no evidence for assortative mating based
on linear measurements, but there was for overall body
mass (Fig. 1) and body condition.

Sexual size dimorphism
Red-backed shrikes were slightly sexually dimorphic in body
measurements, but the degree of dimorphism was only a
few percent in body measurements. This is consistent with
previous reports for this and other shrike species (Collister
and Wicklum 1996; Takagi 1996; Ku z¢ niak and Tryjanowski
2003; but see Tryjanowski and Yosef 2002 for migratory red-
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Fig. 2. Relationship between nestling body mass and male wing length
(r = 0.47, N = 41, P = 0.002). Explanations: see Fig. 1

backed shrikes over Israel). It should be noted that data for
female body mass were collected at the start of egg laying,
when females are heavier (Moreno 1989; Takagi 2002)
because, among other reasons, they are fed intensively by
their mates (Carlson 1989; Takagi 2002). We have no information on the effects of morphological differences on the
utilisation of different dietary niches (but see suggestions in
Herremans 1997). However, it is well known (including data
for shrikes: Ullrich 2002; Hromada et al. 2003) that even
small morphological differences can influence differences in
hunting technique and food spectrum.
Assortative mating
While no correlative evidence (sensu Mueller 1995) for
assortative mating based on linear measurements was found
in this study, shrikes mated assortatively by body mass and
condition. Both body mass and body condition are “timedependent” traits and tend to vary strongly over the breeding season (Moreno 1989; Leugger-Eggimann 1997; Takagi
2002). Therefore, why should red-backed shrikes use this
trait in mate selection? When shrikes arrive on their breeding sites, they have only several days to start breeding, and
hence mate choice must be made in the same short time
period in a relatively restricted area. Therefore, better
quality, i.e. first arrived, males may be inclined to mate
with better quality, first arrived, females. Assortative mating
could be explained by differences in arrival time dependent
on body measurements and body condition, as described for
many passerines (Møller 1994), including other shrike species (Yosef and Tryjanowski 2002), but not red-backed

shrike, at least in the middle of migratory route (Tryjanowski and Yosef 2002).
Positive assortative mating based on structural body size
was reported for some bird species, and on morphological
traits such as bill length, tail length and wing length. Several
potential functional explanations, for example positive
assortative mating linked with foraging opportunities and/
or status signalling, have also been suggested (Warkentin et
al. 1992; Sandercock 1998; Wagner 1999; Delestrade 2001).
Only Wagner (1999) reported for razorbills (Alca torda)
that body mass was positively correlated between mates.
However, he pointed out that body mass is generally a
relatively inaccurate variable in birds because it tends to
fluctuate throughout the breeding cycle, although we controlled for this effect in this study of red-backed shrikes.
Morphological traits are commonly connected with age, and
causes and consequences of age-assortative mating are well
documented (Reid 1988; Potti 2000; Takagi 2003). In an
earlier paper (Vot y¢ pka et al. 2003), we found a bias in pair
formation related to parasite status suggestive of assortative
mating, which could indicate a simple link between condition
and parasite prevalence. However, differences in body condition between infected and uninfected birds in either
females or males were not found. Mating is only a first step
in the breeding cycle, and equally important questions about
how body size traits and differences in their expression
between the sexes influence breeding performance and, consequently, fitness, must be asked.

The influence of size traits on reproduction
Among the analysed traits, only male wing length significantly correlated with the tested breeding variables, i.e.
nestling body mass at day 7. This can be explained by two
reasons. Firstly, in the red-backed shrike older males have
longer wings than younger ones (Jakober and Stauber
1989). A correlation between offspring size and wing length
could therefore be an effect of older birds obtaining better
territories, based in part on knowledge from previous years
about available breeding habitat linked to high territory
fidelity ( Šimek 2001). Secondly, birds with longer wings may
forage more effectively, especially with respect to hovering
to obtain small flying insects (Leugger-Eggimann 1997; see
also predictions in Takagi 2003; Hromada et al. 2003). These
types of prey, such as flies, wasps and moths, are important
for nestlings during the early stages of growth (Tryjanowski
et al. 2003) and thus males with longer wings may simply
feed their offspring better.

Consequences of assortative mating for breeding traits
Variation in body traits/mating patterns per se seemed to
be neutral for the pair’s reproductive fitness in our study
population. In contrast to positive assortative mating, we
found positive relationships between differences in tarsus
length between mates, which positively affected both clutch
size and (correlated with this trait) the number of fledglings.
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Clutch size and the number of fledglings depend on the
quantity and quality of the diet, especially that delivered by
the male to the female when she is laying and brooding
small young (Carlson 1989; Takagi 2003). High-energy food
comprises large insects (carabids, orthopterans) and, during
poor weather, small vertebrates (lizards, shrews, voles)
(Tryjanowski et al. 2003). To capture and handle such prey
shrikes use their tarsus (Harris and Franklin 2000; Hromada
et al. 2003), and therefore differences in tarsus length
between the sexes may be an adaptation to avoid potential
competition and broaden the prey base (see also Van Valen
1965; Przybylo 1995; Delestrade 2001).
In conclusion, explanations of assortative mating or SSD
among mates could not be explained independently in an
empirical field study of red-backed shrikes. Several selective
factors can influence both assortative mating and size
differences between mates, and there may be a balance
between such pressures which are species, or even population, specific (see also Blondel et al. 2002). Hence, only
experimental studies in strongly differing environmental
conditions will help to clarify the causes and consequences
of similarity and dissimilarity between partners.
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