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ABSTRACT

Age of male is an important cue in mate selection, including extra-pair copulations; different phenotypic and
behavioural traits are known to be age related. Paternity studies show that older males predominate as fathers
of extra-pair young. It remains unclear if females actively choose older males because they possess high quality traits or because older males are more successful in coercing fertile females. We experimentally provided
mounted males of different age (yearling vs. adult) of great grey shrike Lanius excubitor with nuptial gifts of
different quality (vole vs. cricket) and observed reactions of females and their social partners. Females strongly
preferred older males with energy-rich nuptial gifts. The reactions of females’ social partner to the extra-pair
male did not differ significantly amongst experimental groups. However, males responded to the reaction of their
mates and male aggressive behaviour increased when their mate showed an interest in an intruder.
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INTRODUCTION
Many species of socially monogamous animals engage in extrapair copulations (here after EPCs). The success in extra-pair
fertilisations is skewed towards older males in many bird species (Weatherhead & Boag 1995; Dickinson 2001; Johnsen et
al. 2001; Johnsen & Lifjeld 2003; Kleven et al. 2006; Bouwman
et al. 2007; Schwarzová et al. 2008). To date, there have been
basically proposed two non-excluding hypotheses to explain
this pattern: (1) females prefer older males, because they –
surviving longer – prove that they are carrying good genes for
survival and (2) older males are more experienced in coercing
females and able to better exploit opportunities for extra-pair
matings, to perform sexual trips to neighbouring territories,
etc. (Trivers 1972; Alatalo 1986; Weatherhead & Boag 1995;
Kleven et al. 2006; Bouwman et al. 2007). Moreover, recent
findings indicate age-related variation in testes size and quantity of sperm production, with older males having higher rate of
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sperm production and as a consequence increased fertilisation
success (Laskemoen et al. 2008).
Several phenotypic traits including behavioural traits
are known to be age related and act as age indicators. For
example, plumage quality (Siefferman et al. 2005; Budden &
Dickinson 2009), song repertoire (Gil et al. 2001) and foraging
efficiency (Bildstein 1983; Heise & Moore 2003) increase with
age. Older males might be more successful in competition for
territories, food resources and potential females; age of male
may constitute a cue of male experience in nest defense investment and quality of parental care (Takagi 2003); and finally,
it may provide information on survival perspective of an individual (Manning 1985).
If traits reflect the ability of a partner to contribute
direct or indirect benefits to the offspring, choosy females are
able to increase their fitness by mating with males displaying
such traits (Andersson 1994; Alcock 2001). Moreover, the extra-pair young are mostly males (Schwarzová et al. 2008), thus
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it is possible that sons will also be able to engage in EPCs in the
future; this view is also important from the lifetime success of
mothers.
Elaborate plumage and complex songs of males are
two of the best known examples of sexually selected traits in
birds in the context of EPCs (Hill 1991; Chiver et al. 2008). However, in species that do not possess distinct secondary sexual
traits, males may use other means of signalling their quality
to females. Often, males demonstrate key ecological skills that
are crucial for survival and reproduction (Kingsolver & Huey
2003). Good example of such behaviour is display of hunting
and/or provisioning skills (Yosef & Pinshow 1989) and providing food to females (Arnold & Bateson 1983; Tryjanowski &
Hromada 2005).
The function of these two categories of traits – age
of male and quality of gifts offered to female – is difficult to
discriminate in the field because field studies mostly focused
on the question concerning the role of a single trait in sexual
selection (Wiley 2003). Therefore, manipulative experimental
studies are useful for teasing apart the larger number of potentially correlated traits that may act as indicators of male quality
and, hence, influence female choice.
Shrikes are passerine birds well known for their raptor-like mode of life, impaling of their prey and offering the
prey as a nuptial gifts prior copulation. They are, thus, good
model organisms for such studies. To our knowledge, this is the
first field study to test experimentally for effects of multiple
traits in extra-pair mate choice in birds.
To discriminate between female preferences we used
an experimental design, where females could choose from two
independent traits – one reflecting the age represented by the
adult plumage and the second demonstrating male hunting
ability as reflected by the size of the nuptial gift (Tryjanowski &
Hromada 2005). Hence, we addressed the following questions:
(1) Do females choose extra-pair mates according to male age
or size of nuptial gift? (2) Do males react according to rival’s
age or size of nuptial gift? Further, because a female’s interest in EPCs endangers it’s partner’s parental investment and
fitness, therefore, we also tested (3) whether the reaction of
males is positively correlated with female behaviour towards a
potential EPC partner.

1. METHODS AND MATERIALS
Study species. The great grey shrike Lanius excubitor is a highly
territorial, socially monogamous thrush-sized bird. There is no
profound sexual dimorphism, and difference in coloration between the sexes is only marginal (Schön 1994; Probst 2001). Although the great grey shrike is a passerine, it does not possess
intricate singing, as is typical for this group. However, males
advertise their prowess to females by impaling corpses of prey
on sharp twigs, on thorns and in forks or other suitable places
(Yosef & Pinshow 1989; Yosef & Whitman 1992; Antczak et al.
2005). Impaling behaviour serves several functions including
signalling territory boundaries, quality of male and temporal

food storage [see also review in (Yosef & Pinshow 2005)]. Furthermore, male shrikes routinely offer nuptial gifts to females
prior to both intra- and extra-pair copulations (Lorek 1995; Tryjanowski & Hromada 2005). Males invest heavily in reproduction by providing food for females during egg laying, incubation
and almost half of the nestling period. True Shrikes (Laniidae
spp.), including the great grey shrike, start to breed in the
second year of life and age of male has a significant effect on
nestling production (Takagi 2003). Second year birds are able
to breed but still attain part of immature plumage as brown
buffs in great covers or delicate barring on the breast that disappears just after the first breeding (Lefranc & Worfolk 1997).
Pairs produce a single brood each year, although replacement
clutches can occur after nest failures. The size of the pre-copulatory gift affects female decisions whether to copulate or not
(Tryjanowski & Hromada 2005). The species breeds mainly solitarily in pairs 300–1000 m from each other; however, polygyny
has also been reported (Yosef 1992; Probst 2001; Tryjanowski
& Hromada 2005). Males practice EPCs and offer larger, energetically richer prey items to their extra-pair females than to
their own mates (Tryjanowski & Hromada 2005). Intra- and extra-pair copulations are preceded by pre-copulatory displays:
the male faces the female, shivers and flutters his wings and
utters a call or a quiet song and often offers a food gift (Carlson
1989; Lorek 1995; Tryjanowski & Hromada 2005).
Field Methods. We investigated the behaviour of
great grey shrikes in a high-density population (Antczak et al.
2004) in western Poland during the breeding season from April
to mid-May between 2003 and 2005. Individuals were distinguished by highly individual-specific wing patterns and eyemasks (Schön 1994; Probst 2001), and some (6–14 in different
years) were individually marked with colour rings.
Females are thought to be fertile until the laying of
the penultimate egg (Birkhead & Moller 1992; Lorek 1995). Female great grey shrikes, which lay up to eight eggs and start
incubation from the third egg, are, therefore, potentially fertile until the fifth day of incubation (Lorek 1995). Experiments
were performed at the start of breeding in the fertile period
of individual females, covering the period from 14 April to 10
May. During the three breeding seasons, we tested a total of
56 pairs: 20 pairs in 2003, 18 in 2004 and 18 in 2005. Age of
either males or females was not determined. Females were offered at random one of two different taxidermy models as follows: a fully grown male in its second year (there after yearling)
representing the first year of sexual maturity in the great grey
shrike (Lefranc & Worfolk 1997) or a male in adult plumage (at
least three years old), both with two options of nuptial gift in
the bill – either a field cricket (Gryllus campestris) or a common vole (Microtus arvalis). During the experiments, female
and male behaviour was classified as qualitative measures of
intensity of reaction to the mounted specimens and male reaction to the female’s behaviour. Reactions of female shrikes to
the mounted male were classified as follows: 0, no reaction;
1, female looks towards dummy; 2, female moves towards
dummy; 3, female shows excitement and 4, female begs and
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shivers wings. Reactions of male shrikes to the mounted male
were classified as follows: 0, no interest in the dummy; 1, male
looks toward decoy; 2, male moves towards decoy; 3, male
starts to sing; 4, male shows nervousness, giving alarm calls;
5, males flies above decoy; 6, male attacks decoy and 7, male
attempts to force copulation on female. Finally, male reactions
to the reaction of their social partner were classified as follows:
0, male shows no reaction; 1, male shows nervousness and 2,
male gives alarm calls, chases the female. All ordinal scales are
based on our observations (mainly MA) of shrike’s behavioural
sequences.
Taxidermic mounts were obtained from The East
Slovak Museum in Košice, Slovakia, and collections of the
University of Life Sciences in Poznań, Poland. The prey items
were attached to the mounts’ bill. Thus, we obtained four experimental treatments – a two-year old yearling with a small or
large gift and at least three years old adult bird with a small or
large gift. Both prey items are frequently used by males during
courtship and pre-copulatory display in the study population
(Tryjanowski & Hromada 2005).
We performed 51 successful experimental presentations in total. All experiments have begun in the presence of
both males and females; however, during the experiments, one
or both birds sometimes left the territory; therefore, number
of successful experiments differs from number of tested pairs
and sample sizes differ amongst particular tests. The sizes of
experimental groups were similar: adult male with cricket 14
presentations; adult male with vole 13; yearling with cricket
10; yearling with vole 14. The experiments were performed
during the females’ fertile period early in the morning (04:00
a.m. up to 10:00 a.m.) when copulation frequency of shrikes
reaches a peak (Lorek 1995; Tryjanowski & Hromada 2005).
Each experimental trial lasted 20 minutes with experimental
presentation of the mounted specimen perched within 50 m
of the fertile incubating female. During the experiment, five
series of song were taped. In all trials, we used the same song
recording as well as the same mounted males and vole. The
birds were observed by a team of two or three observers; one
person observed the female’s reaction from the hide near the
nest, the second person from a distance searched for the male
and focused on male reaction. Each observer noted the exact
reaction of birds. All experiments were performed under favourable weather conditions (no heavy rain, no strong wind).
Data Analysis and Statistics. To avoid pseudo-replication, we examined and used in the analyses only one observation per territory for each season. Because pairs are newly
established for every breeding season, females were different
in every year. Also, as individual birds can move from one territory to another in consecutive years and because we do not
have marked all individuals in our population, we cannot discard some pseudo-replication by observing the same individual
(male and/or female) in different years; however, we expect
this source of pseudo-replication to be minimal. To improve
the sample size and the power of the test, data from all years
were pooled. Because the reaction of the two partners was not

always observed, tests differ slightly in sample size. All statistical tests were performed according to Zar (1999), and all tests
were two tailed. Data are presented as mean ± SE.

2. RESULTS
Our experimental design allowed us to discriminate between
great grey shrike female preferences for two sexual male traits:
age indicated by plumage and nuptial gifts. We found that
neither male’s age nor size of the nuptial gift alone offered to
the female affected the female’s decision significantly, whilst
in combination, these two traits had a highly significant effect.
Reactions of females to the dummy male intruder differed significantly amongst treatments. They reacted most strongly to
the male in adult plumage with the larger nuptial gift, in contrast to the other three experimental groups (Kruskal–Wallis
ANOVA, = 11.238, df = 3, n = 48, P = 0.011, Fig. 1). The reactions of males did not differ significantly amongst experimental
groups (Kruskal–Wallis ANOVA,
= 4.141, df = 3, n = 48, P =
0.25, Fig. 2).
However, the strongest response was the reaction of
males to the reaction of their mates (Kruskal–Wallis ANOVA,
= 13.801, df = 3, n = 42, P = 0.003, Fig. 3). The later result was
also supported by a strong correlation between female reaction to the mounted specimen and male reaction to the female
response within a single treatment (Kendall tau = 0.482, n = 41,
P = 0.0001).

3. DISCUSSION
Our experimental design allowed us to discriminate between
great grey shrike female preferences for two sexual male traits:
age indicated by plumage and nuptial gifts. In most studies,
different sexual cues were typically treated separately, ignoring their possible interactions and mainly focusing on how
variation in sexual traits affects decisions of females (Lehtonen,
Rintakoski & Lindström 2007). In many species, males exhibit

Figure 1. Reaction of female shrikes to a mounted extra-pair male, with
respect to the colouration of the male (yearling vs. adult plumage) and
the size of the nuptial gift (cricket vs. field vole).
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Figure 2. Reaction of the male to the mounted extra-pair male, regarding the colouration of male plumage (yearling vs. adult) and the size of
the nuptial gift (cricket vs. field vole).

Figure 3. Reaction of the male shrikes to the reaction of their social
mates

complex courtships involving feather ornaments, behavioural
displays and extended phenotype traits, for example, quality
of nest (Jennions & Petrie 1997; Candolin 2003; Loyau et al.
2005; Lehtonen et al. 2007; Vergara et al. 2011). It was suggested that mate choice is a multi-stage process, and multiple
male display traits convey different information on the genetic
and phenotypic quality of males (Borgia 1995; Keagy et al.
2011) and may provide redundant signals that improve mate
assessment (Møller & Pomiankowski 1993; Freeman-Gallant et
al. 2009; Keagy et al. 2011) and/or narrow down female choice
(Robson et al. 2005). Moreover, some traits may reflect condition of male in the past (Sullivan 1994), others reflect his current condition (Scheuber et al. 2003) and some even in future
(Boogert et al. 2011).
Our results correspond with a recent suggestion
(Lehtonen et al. 2007) that female preferences can be based
more on the combined effect of different cues than on each
cue independently or additively, because they can interact
mutually (Patricelli et al. 2003). Great grey shrike females preferred older males – potentially more experienced hunters –
that delivered gifts of greater energetic value.
In the great grey shrike, the nuptial gift is necessary for successful within- and extra-pair copulations. Female
shrikes are highly dependent on males for provisioning food
during the copulation period, throughout incubation and up to
the first eight days of the nestling period (Lefranc & Worfolk
1997; Tryjanowski & Hromada 2005). In the bull-headed shrike
(Lanius bucephalus), females paired with older males laid more
eggs per clutch than females paired with males in their second
year, and in addition, age of the male was significantly correlated with the mass of nestlings (Takagi 2003). Therefore, from
a female’s perspective, mating with a skilled hunter is the best
choice. As shown previously (Tryjanowski & Hromada 2005),
males engaging in EPCs offered females more energy-rich nuptial gifts. The benefits of such energetically costly food items
may exceed female costs of EPCs, and/or energy-rich gifts may

allow females to quickly assess the quality of an EPC partner. If
male skills are heritable, females may acquire indirect fitness
benefit. Alternatively, the quality of nuptial gifts may reflect
male’s hunting skills and current condition because prey capture is difficult and transport energetically costly especially for
larger prey (Yosef 1993). Finally, approaching an extra-pair female with a large nuptial gift may be considered a handicap,
because the male needs to cross the entire territory of a rival. In the great grey shrike, EPCs mostly take place near the
female’s nest (Lorek 1995; Tryjanowski et al. 2007), and the
extra-pair male must behave surreptitiously (Tryjanowski et al.
2007), otherwise he can lose his investment and the opportunity to conclude the given sexual trip. The results presented
here are consistent with this idea because female great grey
shrikes showed more interest in (extra-pair) males with larger
gifts, especially if the bird offering the nuptial gift was more
than two years old. Unfortunately, our test cannot allow us to
detect an effect of the age or gift per se.
If a female with a social partner engages in EPC simply to obtain a large food gift, then this reflects a short-term
choice (immediate pay-off) – it is quite possible considering
that EPC do not necessarily means fertilisation: level of offspring sired by extra-pair males in shrikes species with mixed
reproductive strategies varies from 0% (Lanius minor), 10% (L.
bucephalus) to 26.5% (Lanius collurio) (Yamagishi 1992; Krištín
et al. 2008; Schwarzová et al. 2008). However, such dishonest
behaviour would probably not be successful in a population in
a long term. A male able to sneak in another territory burdened
with a prey must be really a good male. Thus, a female should
see him as a potential source of good genes, instead as a silly
male with expensive gift. If males offering gifts would not fertilize extra-pair females, their fitness will not increase by EPC
and thus, their genes for EPC search will not be spread in the
population.
No doubt that experiment presented has some constraints such as the fact that in case of real extra-pair affairs,
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birds should interact with each other. As shown in experiments
with robotic females (Patricelli et al. 2003), the interactions
that led to successful copulations are multi-stage processes,
and males adjust their reaction according to female behaviour
and vice versa.
Our experiments underlined the context dependence
of female choice of extra-pair males, that is, the strong influence of her social mate’s behaviour. In several cases of experimental presentation, guarding behaviour of the male mate
modified the reaction of the female, when females noted the
presence of their social partner, they immediately lost interest
in the mounted male and they moved back to the nest. This
finding suggests the possibility of high costs for females when
engaging in EPC. Such costs might include physical punishment,
as recorded in the lesser grey shrike (Valera et al. 2003). Indeed,
we have observed in studied population that males chased
their females after they exhibited interest in an extra-pair male
(unpublished data). The hypothesis of high costs of EPCs was

also supported by a striking difference in the locations where
copulations with social partners and extra-pair males took
place: EPCs took place in more secluded locations (Tryjanowski
et al. 2007). Our findings reveal the motivation of male behaviour: male mates reacted to an intruder and attempted to protect their paternity only if the female reacted to the intruder – a
mounted male. Thus, our results underline the importance of
social context of EPCs.
Acknowledgements: We thank T.S. Osiejuk, L. Carrol, P. Skórka,
A.P. Møller and T. Sparks for their comments on the manuscript. This research was funded by the Adam Mickiewicz University, Poznań, Poland, University of South Bohemia, Czech
Republic, GEF/SGP Poland grants and Foundation ‘Kasa im.
J. Mianowskiego. M.A. and M.H. were supported by Czech
grant MSM6007665801, M.H. also by Slovak grant OPVaV
ITMS26110230119.

REFERENCES

Alcock, J. (2001) Animal Behavior – 7th ed. Sinauer Associates, Inc.
Andersson, M. (1994) Sexual Selection. Princeton University Press.
Antczak, M., Hromada, M., Grzybek, J. & Tryjanowski, P. (2004) Breeding
biology of the Great Grey Shrike Lanius excubitor in W Poland.
Acta Ornithologica, 39, 9-14.
Antczak, M., Hromada, M. & Tryjanowski, P. (2005) Spatio-temporal
changes in Great Grey Shrike Lanius excubitor impaling behaviour: from food caching to communication signs. Ardea, 93, 101107.
Arnold, S.J. & Bateson, P.P.G. (1983) Sexual selection: the interface of
theory and empiricism. Mate Choice pp. 67-107.
Bildstein, K.L. (1983) Age-related differences in the flocking and foraging behavior of White Ibises in a South Carolina salt marsh. Colonial Waterbirds, 6, 45-53.
Birkhead, T.R. & Moller, A.R. (1992) Sperm Competition in Birds: Evolutionary Causes and Consequences. Academic Press.
Boogert, N.J., Fawcett, T. & Lefebvre, L. (2011) Mate choice for cognitive
traits: a review of the evidence in vertebrates. Behavioral Ecology, 22, 462-463.
Borgia, G. (1995) Complex male display and female choice in the spotted bowerbird: specialized functions for different bower decorations. Animal Behaviour, 49, 1291-1301.
Bouwman, Vandijk, R., Wijmenga, J. & Komdeur, J. (2007) Older male
reed buntings are more successful at gaining extrapair fertilizations. Animal Behaviour, 73, 15-27.
Budden, A.E. & Dickinson, J.L. (2009) Signals of quality and age: the
information content of multiple plumage ornaments in male
western bluebirds Sialia mexicana. Journal of Avian Biology, 40,
18-27.
Candolin, U. (2003) The use of multiple cues in mate choice. Biological
Reviews of the Cambridge Philosophical Society, 78, 575-595.

Carlson, A. (1989) Courtship feeding and clutch size in red-backed
shrikes (Lanius collurio). The American Naturalist, 133, 454-457.
Chiver, I., Stutchbury, B.J.M. & Morton, E.S. (2008) Do male plumage
and song characteristics influence female off-territory forays and
paternity in the hooded warbler? Behavioral Ecology and Sociobiology, 62, 1981-1990.
Dickinson, J.L. (2001) Extrapair copulations in western bluebirds (Sialia
mexicana): female receptivity favors older males. Behavioral
Ecology and Sociobiology, 50, 423-429.
Freeman-Gallant, C.R., Taff, C.C., Morin, D.F., Dunn, P.O., Whittingham,
L.A. & Tsang, S.M. (2009) Sexual selection, multiple male ornaments, and age- and condition-dependent signaling in the Common Yellowthroat: age- and condition-dependent signaling. Evolution, 64, 1007-1017.
Gil, D., Cobb, J.L.S. & Slater, P.J.B. (2001) Song characteristics are age
dependent in the willow warbler, Phylloscopus trochilus. Animal
Behaviour, 62, 689-694.
Heise, C.D. & Moore, F.R. (2003) Age-related differences in foraging efficiency, molt, and fat deposition of Gray Catbirds prior to autumn
migration. The Condor, 105, 496-504.
Hill, G.E. (1991) Plumage coloration is a sexually selected indicator of
male quality. Nature, 350, 337-339.
Jennions, M.D. & Petrie, M. (1997) Variation in mate choice and mating
preferences: a review of causes and consequences. Biological
Reviews, 72, 283-327.
Johnsen, A. & Lifjeld, J.T. (2003) Ecological constraints on extra-pair paternity in the bluethroat. Oecologia, 136, 476-483.
Johnsen, A., Lifjeld, J., Andersson, S., Örnborg, J. & Amundsen, T. (2001)
Male characteristics and fertilization success in bluethroats. Behaviour, 138, 1371-1390.

- 10.1515/eje-2015-0004
30 Downloaded from PubFactory at 08/08/2016 04:07:21PM
via free access

EUROPEAN JOURNAL OF ECOLOGY
Keagy, J., Savard, J.-F. & Borgia, G. (2011) Cognitive ability and the evolution of multiple behavioral display traits. Behavioral Ecology,
23, 448-456.
Kingsolver, J.G. & Huey, R.B. (2003) Introduction: The evolution of morphology, performance, and fitness. Integrative and Comparative
Biology, 43, 361-366.
Kleven, O., Marthinsen, G. & Lifjeld, J.T. (2006) Male extraterritorial forays, age and paternity in the socially monogamous reed bunting
(Emberiza schoeniclus). Journal of Ornithology, 147, 468-473.
Krištín, A., Hoi, H., Valera, F. & Hoi, C. (2008) The importance of breeding density and breeding synchrony for paternity assurance
strategies in the lesser grey shrike. Folia Zool, 57, 240-250.
Laskemoen, T., Fossøy, F., Rudolfsen, G. & Lifjeld, J.T. (2008) Age‐related
variation in primary sexual characters in a passerine with male
age‐related fertilization success, the bluethroat Luscinia svecica.
Journal of Avian Biology, 39, 322-328.
Lefranc, N. & Worfolk, T. (1997) Shrikes: A Guide to the Shrikes of the
World, 1st ed. Yale University Press.
Lehtonen, T.K., Rintakoski, S. & Lindström, K. (2007) Mate preference
for multiple cues: interplay between male and nest size in the
Sand Goby, Pomatoschistus minutus. Behavioral Ecology, 18,
696-700.
Lorek, G. (1995) Copulation behavior, mixed reproductive strategy,
and mate guarding in the Great Grey Shrike. Proceedings of the
Western Foundation for Vertebrate Zoology, 6, 218-227.
Loyau, A., Saint Jalme, M., Cagniant, C. & Sorci, G. (2005) Multiple sexual advertisements honestly reflect health status in peacocks
(Pavo cristatus). Behavioral Ecology and Sociobiology, 58, 552557.
Manning, J.T. (1985) Choosy females and correlates of male age. Journal of Theoretical Biology, 116, 349-54.
Møller, A.P. & Pomiankowski, A. (1993) Why have birds got multiple
sexual ornaments? Behavioral ecology and sociobiology, 32,
167-176.
Patricelli, G.L., Uy, J.A.C. & Borgia, G. (2003) Multiple male traits interact: attractive bower decorations facilitate attractive behavioural displays in satin bowerbirds. Proceedings of the Royal
Society B: Biological Sciences, 270, 2389-2395.
Probst, R. (2001) Successful bigamy in the Great Grey Shrike Lanius e.
excubitor. Ornis Fennica, 78, 93-96.
Rauno V. Alatalo, L.G. (1986) Do Females Prefer Older Males in Polygynous Bird Species? American Naturalist, 127: 241-245.
Robson, T.E., Goldizen, A.W. & Green, D.J. (2005) The multiple signals
assessed by female satin bowerbirds: could they be used to narrow down females’ choices of mates? Biology Letters, 1, 264267.
Scheuber, H., Jacot, A. & Brinkhof, M.W.G. (2003) Condition dependence of a multicomponent sexual signal in the field cricket
Gryllus campestris. Animal Behaviour, 65, 721-727.
Schön, M. (1994) (Sex-, age- and individual characters in the plumage
pattern of the Great Grey Shrike Lanius excubitor in compari-

son with other Shrikes: on the effectiveness of optical signals.).
Ökologie der Vögel, 16, 11-80.
Schwarzová, L., Šimek, J., Coppack, T. & Tryjanowski, P. (2008) MaleBiased Sex of Extra Pair Young in the Socially Monogamous RedBacked Shrike Lanius collurio. Acta Ornithologica, 43, 235-239.
Siefferman, L., Hill, G.E. & Dobson, F.S. (2005) Ornamental plumage
coloration and condition are dependent on age in eastern bluebirds Sialia sialis. Journal of Avian Biology, 36, 428-435.
Sullivan, M.S. (1994). Mate choice as an information gathering process
under time constraint: implications for behaviour and signal design. Animal Behaviour, 47, 141-151.
Takagi, M. (2003) Different effects of age on reproductive performance
in relation to breeding stage in Bull-headed Shrikes. Journal of
Ethology, 21, 9-14.
Trivers, R. (1972) Parental investment and sexual selection. Sexual
selection and the descent of man, 1871-1971. pp. 136-179. Aldine, Chicago, IL.
Tryjanowski, P., Antczak, M. & Hromada, M. (2007) More secluded
places for extra-pair copulations in the great grey shrike Lanius
excubitor. Behaviour, 144, 23-31.
Tryjanowski, P. & Hromada, M. (2005) Do males of the great grey
shrike, Lanius excubitor, trade food for extrapair copulations?
Animal Behaviour, 69, 529-533.
Valera, F., Hoi, H. & Krištín, A. (2003) Male shrikes punish unfaithful
females. Behavioral Ecology, 14, 403-408.
Weatherhead, P.J. & Boag, P.T. (1995) Pair and extra pair mating success
relative to male quality in red-winged blackbirds. Behavioral
Ecology and Sociobiology, 37, 81-91.
Wiley R.H. (2003) Is there an ideal behavioural experiment? Animal Behaviour, 66, 585-588.
Yamagishi, S. (1992) Extrapair Fertilization in Monogamous Bull-Headed Shrikes Revealed by DNA Fingerprinting. The Auk, 109, 711721.
Yosef, R. (1992) From nest building to fledging of young in Great Grey
Shrikes (Lanius excubitor) at Sede Boqer, Israel. Journal of Ornithology, 133, 279-285.
Yosef, R. (1993) Prey transport by loggerhead shrikes. The Condor, 95,
231-233.
Yosef, R. & Pinshow, B. (1989) Cache Size in Shrikes Influences Female
Mate Choice and Reproductive Success. The Auk, 106, 418-421.
Yosef, R. & Pinshow, B. (2005) Impaling in true shrikes (Laniidae): A behavioral and ontogenetic perspective. Behavioural Processes,
69, 363-367.
Yosef, R. & Whitman, D.W. (1992) Predator exaptations and defensive
adaptations in evolutionary balance: No defence is perfect. Evolutionary Ecology, 6, 527-536.
Vergara, P., Gordo, O. & Aguirre, J.I. (2011) Nest size, nest building behaviour and breeding success in a species with nest reuse: the
white stork Ciconia ciconia. Annales Zoologici Fennici, 47, 184194.
Zar, J.H. (1999) Biostatistical Analysis 4th Edition, 4th ed. Prentice Hall.

31

- 10.1515/eje-2015-0004
Downloaded from PubFactory at 08/08/2016 04:07:21PM
via free access

