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PRÉCIS 

 

The Australian magpie (Gymnorhina tibicen) is a large, sedentary, omnivorous passerine.  In some 

populations, individuals live in groups, and some of these groups breed cooperatively.  The white-

backed magpie (G. t. tyrannica) from the south-eastern corner of the continent, has had relatively 

little study, and few details are known of its mating system, social structure, and method of parental 

care.  I conducted an observational study on a population of white-backed magpies, recording 

details of their demography, dispersal, breeding system, and parental care.  In conjunction, I 

conducted a genetic analysis of the population, to determine if the genetic mating system matched 

the observed social system, to detect instances of extra-group mating, and to sex juvenile birds. 

 

Extra-pair paternity (EPP) is a common feature of the mating systems of many birds.  The rate 

of EPP may vary between species, races and populations.  I made a comparison of extra-group 

paternity (EGP) rates between two races of the Australian magpie, to determine if similar 

mating systems were being employed.  The two populations had similar social structure, but 

differed in group size and dispersal.  I predicted that dispersal differences would have a 

profound effect on the rate of EGP between the populations, as the population with the lower 

rate of dispersal and higher chance of breeding with a close relative would engage in EGPs 

more frequently.  Eight microsatellite loci were used to determine parentage in the white-

backed Australian magpie.  The rate of EGP was found to be 44%.  Dispersal rates were 

estimated from observational data.  Over half of the juvenile magpie cohort from the previous 

breeding season leave the territorial group.  These results contrast sharply with the results 

found by other researchers in a population of western Australian magpies (G t. dorsalis).  In this 

population, 82% EGP is recorded and dispersal of juveniles is close to nil.  The results indicate 
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that dispersal rate is a potentially important predictor of rates of extra-group fertilisations 

between populations of this species, and suggest that females maximise their reproductive 

output by avoiding breeding with close kin. 

 

The reproductive success of a male bird is often correlated with measurable traits that 

predict his intrinsic quality.  Females are thought to select mates based on their quality to 

gain their ‘good genes’.  Male Australian magpies of the white-backed race were trapped in 

two breeding seasons.  Measurements were taken of morphometric and other characteristics 

in order to discover whether particular traits of males were associated with: a) number of 

fledglings produced in the territory per season; b) percentage of offspring sired in the 

territory; and c) whether females select males for their ‘good genes’.  The only variable that 

was correlated with number of territorial offspring was feather lice load.  Males with high 

numbers of lice were less likely to produce territorial fledglings in one season and across 

both seasons.  Males of inferior quality may be subject to increased conspecific territorial 

intrusions, leading to more time spent on defence, more failed breeding attempts, less time 

allocated to grooming and thus high parasite loads.  Males that produced many territorial 

fledglings were more likely to gain genetic paternity of at least some of them, although again 

this was significant for only one season.  Also, across both seasons, a high number of 

females in the group was correlated with increased paternity within the group.  The general 

lack of correlation between the variables and level of genetic paternity may be due to females 

engaging in extra-group mating primarily to avoid breeding with a close relative rather than 

to choose a quality male.  In this scenario, males would not have to be ‘high quality’, but 

merely genetically different to the female’s social mate. 
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Extra-group paternity (EGP) can affect paternal effort.  It may also influence the helping effort 

of auxiliary birds in cooperatively breeding species.  If helping is driven by kin selection, 

helpers should decline to provision unrelated young.  Relatedness becomes difficult to assess 

however, when females mate outside the group.  Alternative rewards may then become 

important in helper decisions.  In my study population of Australian magpies, 38% of 

fledglings were sired by males outside the territorial group.  In a second population (G. t. 

dorsalis), 82% of fledglings were sired by extra-group males.  I observed within-group male and 

helper feeding effort over three breeding seasons in the first population and obtained data 

recorded over a single season in the second population.  In both populations, males 

provisioned young regardless of relatedness, as did helpers.  Males provisioned less than the 

nesting female on average.  Paternal effort did not reduce with an increase in the rate of EGP 

between populations.  In the population with intermediate levels of EGP, the white-backed 

magpies, I observed helpers in about half of the sampled territories that produced fledglings.  

Helpers did not increase the production of young.  In the population with high levels of EGP, 

western magpies, I detected helping behaviour in proportionally more territories.  It appears 

that Australian magpie helpers provide help in order to pay ‘rent’ and remain on the natal 

territory.  I discuss these results in light of the differences between the two races of magpie 

and the major theories regarding male parenting decisions and helper activity. 

 

Finally, I examine the relatively high rates of EGP’s in the Australian magpie from a 

phylogenetic perspective.  Although inbreeding avoidance is strongly supported by this study 

as the major reason EGP is so common in magpie populations, there may be an element of 

phylogenetic inertia that maintains the frequency of this behavioural trait.  I comment upon 

the use of single-population estimates of species EGP rates in comparative analyses, given the 

intraspecific variation discovered between Australian magpie populations.  Future directions 
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for the study of mate choice in the Australian magpie are outlined with a proposal to study 

variation at the major histocompatibility complex between mated pairs. 
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CHAPTER ONE: GENERAL INTRODUCTION 

 

1.1 Cooperative Breeding in Birds 

 

1.1.1  Evolution and ecology 

Cooperative breeding is a rare system among the Class Aves, and occurs in less than 3% of the 

approximately 9700 extant bird species (Ligon 1999).  Among the oscine passerines this figure 

was recently updated to 8% (Cockburn 2003).  Cooperative breeding occurs when one or more 

mature adults forego breeding in order to help raise the young of another group member.  

Juveniles may also participate in these ‘alloparental’ behaviours.  These birds are variously 

called ‘helpers’, ‘attendants’, ‘supernumeraries’ or ‘auxiliaries’ (see: Dow (1980) for a discussion 

of terminology).  In the present study I will refer to them as ‘helpers’.  The help provided may 

take the form of nest incubation, feeding of nestlings and fledglings, and/or defence of the 

nest site.  Avian cooperative breeders are mainly territorial species, and the Australian 

continent is home to a high proportion of them (Bennett and Owens 2002b, Rowley 1976).  

The six old Australian taxonomic groups display cooperative breeding in 51% of species 

examined to date (Cockburn 2003).  The ‘old’ Australian groups are those that diverged before 

the split into the major oscine passerine groups of Corvoidea and Passerida (Barker et al. 2002). 

 

Cooperative breeding systems are hypothesised to have evolved from monogamous systems 

where offspring delay dispersal and reproduction.  The ‘habitat saturation’ hypothesis suggests 

that young birds delay dispersal and remain on the natal territory because there is no available 

territorial space (Gaston 1978).  The habitat saturation hypothesis is relatively simplistic 
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because habitats are also saturated for many non-cooperative species (Brown 1969, Hatchwell 

and Komdeur 2000).  A more useful concept is the ‘ecological constraints’ hypothesis, which 

allows for the specific requirements of many species for breeding, and it is these requirements 

that are in short supply, not just habitat (Emlen 1982a, Koenig et al. 1992, Cockburn 1998).  

This is often coupled with the ‘life history’ hypothesis: species that are long lived ensure there 

is low territorial ownership turnover, and young birds are forced to wait to gain a breeding 

position (Russell 1989, Koenig et al. 1992, Arnold and Owens 1998, Cockburn 1996).  Recent 

modelling data cautions against the use of a single measure (e.g.: rate of territorial turnover), to 

summarise the effect of life history traits on cooperative breeding, and also suggests that 

habitat saturation arises from the dispersal decisions of individuals rather than from some 

external force (Kokko and Lundberg 2001). 

 

The latest hypothesis proposed to explain the distribution of cooperatively breeding taxa, with 

particular reference to the unusual concentration of groups on the Australian continent, 

maintains that the retention of young in a family group requires a sedentary lifestyle, and hence 

migration is limited (Cockburn 2003).  Under this hypothesis, the unusual concentration of 

cooperatively breeding avian species in Australia is believed to be due to the high incidence of 

this mating system in the six old Australian groups which represent the older branches of the 

oscine radiation (Cockburn 1996, 2003).  Passeriformes are suspected to have originated on 

and radiated out from the Gondwanan land mass (Ericson et al. 2002).  Cockburn (2003) 

maintains that those groups that remained after the oscine radiation were poor colonisers, 

species-poor clades where individuals remained largely sedentary due to the difficulty of 

keeping family groups intact during migration or periods of nomadism.  Russell (1989) 

postulated earlier that the high incidence of cooperative breeding in old Australian groups (and 

those that first diversified in Australia such as the Corvida) was due to the habitat of the period 
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in which diversification is believed to have taken place – the early Tertiary (Feduccia 1996).  

The Australian continent at the time was largely covered in dense forests, and the climate was 

warm and aseasonal, implying that large family groups could be sustained on high quality 

habitat, leading to the retention of young and the development of cooperative breeding 

(Russell 1989).  This partly explains why ecological correlates are difficult to find for the 

modern taxa that engage in cooperative breeding.   

 

Gaston’s (1978) review of the evolution of cooperative breeding systems maintains that 

selection for helping behaviour will be favoured where a habitat is of sufficient quality to allow 

larger group sizes and where extra birds may benefit breeding individuals.  This behaviour is 

thought to filter down to territories of poorer quality where tolerance of non-breeders will also 

be favoured as long as the breeders still benefit.  The ‘payment of rent’ hypothesis states that 

non-breeders within a territory must contribute to the net fitness of the breeders (by enhancing 

their reproductive efforts), so that breeders in poor quality territories can still benefit regardless 

of increased group sizes (Gaston 1978).  Helping the parents to raise young can possibly 

reduce parental workloads, either allowing extra breeding attempts or contributing to their 

long-term survival which allows reproduction in the next season.  Payment of rent will afford 

non-breeders the benefits of living in a group or territory.  Living on an established territory is 

likely to provide better food supply, adequate shelter, safety of a larger group, and extra 

vigilance and allies in conflicts against conspecifics or predators (Brown 1969).  This has 

become known as the ‘benefits-of-philopatry’ hypothesis, which also encompasses the 

potential to inherit the natal territory (Stacey and Ligon 1987, 1991). 
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1.1.2  Delayed dispersal 

Every individual within a territory essentially has three choices: to disperse and attempt to 

reproduce elsewhere; to disperse and become a floater; or to delay dispersal and remain in the 

natal territory (Emlen 1982a, Koenig et al. 1992).  While evidence suggesting that natal 

philopatry may be the optimal strategy in a competitive sense is scarce, Ekman and Griesser 

(2002) found nepotistic parental tolerance among Siberian jays (Perisoreus infaustus).  After 

experimental removal of the father and subsequent settlement of an unrelated alpha-male, 

retained offspring dispersed out of the territory, while unrelated auxiliaries remained.  This 

suggests that retained young may gain some advantage from tolerant fathers, possibly this 

includes access to resources that is unrestricted by dominance hierarchies.  Dispersal behaviour 

can be extremely costly.  Cooperatively breeding bell miners (Manorina melanophrys) that 

dispersed exhibited high mortality while individuals were traversing unfamiliar areas.  If they 

settled in a breeder position, survivorship increased significantly (Clarke and Heathcote 1990).  

Alternative hypotheses to explain delayed dispersal maintain that young birds can remain 

philopatric and improve their chances of breeding in the future either by gaining direct access 

to reproduction; increasing their chances of territorial inheritance; or expansion and budding-

off of a new territory; or forming alliances with potential breeding partners among 

subordinates (Gaston 1978, Emlen 1982a, Cockburn 1998).   

 

1.1.3  Helping behaviour: costs and benefits 

Helping is not an automatic consequence of remaining philopatric.  Helpers may incur a cost 

as a result of their efforts.  There are many examples, reviewed in Heinsohn and Legge (1999) 

of helpers reducing their own fitness as a consequence of helping.  This may in part explain 

Cockburn’s (1998) observation that the degree of help can vary widely among individuals and 

species.  Costs to helpers include immediate energetic costs (indicated by slowed growth rates 



 5

or weight loss) and reduced future survival and fecundity (Heinsohn and Legge 1999).  In 

short, they can incur many of the same costs as they would by being parents themselves. 

 

What benefits, aside from the advantages of remaining in the natal territory, might accrue to a 

bird that helps?  Individuals could potentially gain practise at parenting skills.  Young birds, 

including first year breeders, that attempt to breed, frequently fledge fewer offspring than do 

older breeders (Curio 1983).  This could be due to their lack of parenting experience, or it may 

be due to a strategy of ‘reserving’ reproductive effort for future attempts (Curio 1983).  

Komdeur (1996) found in Seychelles warblers (Acrocephalus sechellensis) that young first-time 

breeders with helping experience had significantly higher reproductive performance than 

young primiparous birds with no helping experience.  The ‘acquisition of skills’ hypothesis 

allows young birds the opportunity to practise raising young without the potentially severe 

consequences of losing their entire brood, as the offspring are not their own and they have the 

support of the primary breeders (Cockburn 1998). 

 

Helpers may also gain indirect fitness benefits through the production of non-descendent kin, 

by ‘kin-selection’ (Hamilton 1964).  This has been observed in the field for a few species.  Pied 

kingfishers (Ceryle rudis) were hypothesised to increase their fitness when individuals assisted 

related breeders i.e.: parents or siblings (Reyer 1984).  If they assisted both biological parents, 

their relatedness to the offspring would be the same as the breeders (r = 0.5).  As predicted by 

kin-selection theory, related helpers were observed to invest as much care as parents while 

unrelated helpers contributed significantly less (Reyer 1984).  In the Seychelles warbler 

(Acrocephalus sechellensis), helpers were more likely to feed full siblings than half siblings, and did 

not help unrelated young at all (Komdeur 1994).  Both of these examples contradict Jamieson’s 

(1989) assertion that helping behaviour may be an unselected and hard-wired response to the 
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presence of begging nestlings in a territory.  This hypothesis suggests that an individual may 

delay dispersal due to ecological constraints, then feeds young because it is instinctual to do so, 

not because it may gain some advantage by behaving in this way (Jamieson 1989). 

 

The previous two examples of studies that support the relevance of kin selection were based 

on a presumed genetic relationship among individuals, determined on the basis of social 

relationships, rather than on molecular analysis.  The reality of genetic relatedness is often very 

different however, to perceived social relatedness.  This difference can affect male parental 

effort (Møller and Birkhead 1993) as well as the decision of auxiliary birds to help .  With 

extra-pair and extra-group copulations (EPC and EGC respectively) now recognised as a 

widespread phenomenon among avian societies (Griffith et al. 2002), their potential impact on 

any cooperative breeding system demands consideration. 

 

1.2  Extra-group Copulations 

 

1.2.1  Adaptive explanations 

For males, extra-pair or extra-group mating activity provides one major benefit: the production 

of genetic offspring for which he does not have to provide paternal care (Westneat et al. 1990, 

Ligon 1999).  This can increase a male’s net reproductive output significantly, particularly if 

courtship and copulation are either relatively low risk and/or cost-free (Westneat et al. 1990).  

Multiple mating has been hypothesised as generally beneficial for females, both in terms of her 

own fitness and that of her resulting brood.  EPC or EGC may provide potential benefits to 

the female including: the possibility of accessing the territorial resources of her extra-pair mate; 

male parental care; fertility insurance; or extra food from courtship feeding (see Westneat et al. 

1990 for a review).  Many of these hypothesised direct benefits have proven to be unimportant 
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or non-existent however, in wild populations (e.g.: Møller 2000), and there is little support for 

fertility insurance as an explanation for EPC seeking behaviour.  A study of 58 species of birds 

showed that hatching success was not correlated with female polyandry (Morrow et al. 2002).  

Potential indirect benefits for her brood include: a wider genotypic variety across the brood 

which may aid survival in variable habitats (Brown 1997, Petrie et al. 1998); avoidance of the 

negative effects of inbreeding depression (Pusey and Wolf 1996); ‘good genes’ to enhance 

individual fitness (Hamilton and Zuk 1982, Weatherhead and Robertson 1979); and a 

decreased chance of parental genetic incompatibility affecting offspring viability or fertility 

(Zeh and Zeh 1996, 1997).  These indirect benefits have been the focus of detailed research in 

recent times (Kempenaers et al. 1992, Stockley et al. 1993, Sheldon et al. 1997, Johnsen et al. 

2000, Tregenza and Wedell 2002, Foerster et al. 2003). 

 

1.2.2  The genetic diversity hypothesis and inbreeding avoidance 

The genetic diversity hypothesis states that a female will seek EPC’s primarily to enhance the 

genetic diversity of her brood (Petrie et al. 1998).  The level of genetic diversity in a population, 

or between a mated pair of birds has been proposed as a factor which can influence extra-pair 

fertilisation (EPF) rates.  It has also been found that females that are genetically similar to their 

social mate have more failed breeding efforts (Bensch et al. 1994, Kempenaers et al. 1996).  

Individuals may be genetically similar to their social mate because the two are closely related.  

Many researchers have concluded that females mate with a number of males primarily to avoid 

the negative effects of inbreeding (Brooker et al. 1990, Pusey and Wolf 1996, Stockley et al. 

1993, Tregenza and Wedell 2002).  Females may seek EPC’s either because genetic similarity to 

their mate in the past has led to lower reproductive output, or as a routine ‘bet hedging’ 

strategy.  Females would be expected to be more likely to use this ‘bet hedging’ strategy if 
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mated pairs are genetically very similar to each other, either through chance or as a 

consequence of inbreeding. 

 

1.2.3  The ‘good genes’ hypothesis 

The ‘good genes’ hypothesis states that females engage in EPCs in order to obtain high quality 

genes of preferred high quality males for their offspring (Sheldon et al. 1997, Johnsen et al. 

2000, Foerster et al. 2003).  For example, Kempenaers et al. (1992) found that male blue tits 

(Parus caeruleus) that received a high number of visits from extra-territorial females also had 

fewer extra-pair young in their broods, and consequently suffered lower levels of lost paternity.  

Preferred males had better survival, recruited more young, and were larger than males that lost 

paternity. 

 

1.2.4  The genetic compatibility hypothesis 

The genetic compatibility hypothesis (Zeh and Zeh 1996, 1997) suggests that females engage in 

EPF’s when the male they select has a genotype more compatible to her own than does her 

social mate.  This may prevent intragenomic conflict (a term which encompasses a wide range 

of processes, for example: maternal effect lethals, or endocellular symbionts that feminise, 

sterilise, or kill males) which would lead to non viable embryos or increased mortality of young 

(Zeh and Zeh 1996, 1997, Jennions 1997).  Females may adopt this strategy routinely as a form 

of ‘bet hedging’ or possibly after failed breeding attempts with her social mate.  Males that are 

incompatible with one female may be compatible with others, thus each male’s suitability to a 

particular female depends upon her genotype, and male compatibility should be randomly 

distributed in a panmictic population.  The term ‘genetic incompatibility’ is often interchanged 

with the term ‘genetic similarity’.  Here, genetic incompatibility will be used solely to refer to 

those instances where it is the combination of a few genes that produce negative effects in the 
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resulting embryo, and not when there are negative effects in the embryo resulting from 

inbreeding depression.  This instance will be referred to as genetic similarity or lack of genetic 

variation. 

 

1.2.5  The costs of extra-pair behaviour 

Extra-pair behaviour exposes both the male and female engaging in such activity to risks or 

costs.  Males expose themselves to an increased predation risk if they must sing or display 

conspicuously in order to obtain an extra-pair mate, or leave the relatively safe confines of 

their territory to meet with an extra-pair mate (Westneat et al. 1990).  Such behaviour also 

entails an increased energetic output, which may be detrimental to individual health 

(Stutchbury 1998b).  The dangers associated with leaving the safety of a territory may also 

apply to females.   

 

Males may also be at risk of potentially violent retaliation from the female’s social mate as 

observed in the white ibis (Eudocimus albus), where fights between males following the 

detection of extra-pair activity led to severe injury (Frederick 1987).  Females may face violence 

(Valera et al. 2003) or divorce from their social mate if suspected of, or discovered engaging in, 

extra-pair activity (Westneat et al. 1990).  White ibis females were also at risk of being attacked 

by their extra-pair mate (Frederick 1987).  

 

At the very least the social male may withhold his paternal care from any resulting extra-pair 

offspring if he is able to ascertain his level of paternity.  In a study that examined 52 bird 

species, male social partners significantly reduced their feeding effort towards offspring if the 

frequency of extra-pair paternity was high (Møller and Birkhead 1993).  Among cooperative 

group-living species, dominant male superb fairy-wrens (Malurus cyaneus) can reduce their level 



 10

of paternal care without compromising survival of the brood.  Helpers in the group make up 

for any reduction in provisioning, although dominant males only reduce care if their own 

paternity is low (Dunn and Cockburn 1996). 

 

Other risks include territorial usurpation if the resident is absent for any length of time while 

pursuing an extra-pair mating opportunity.  Finally, both males and females face an increased 

chance of parasite infestation or of becoming infected with disease as a result of contact with 

an increased number of mating partners (Poiani and Wilks 2000).  Westneat and Rambo (2000) 

found that female red-winged blackbirds (Agelaius phoeniceus) potentially exposed themselves to 

a greater variety of bacterial pathogens in the ejaculates of males if they engaged in multiple 

matings. 

 

1.2.6  Variation between taxa 

Great variability has been recorded in the rate of extra-pair and extra-group mating behaviour, 

across all levels of taxa (Griffith et al. 2002, Bennett and Owens 2002a).  Among passerines, 

only 14% of species examined are genuinely genetically and socially monogamous (Griffith et 

al. 2002).  The remaining 86% engage in extra-pair or extra-group mating activity to varying 

degrees.  The average rate of extra-pair offspring detected in populations of passerine species 

is 11.1%, and a quarter of socially monogamous species have extra-pair paternity rates in 

excess of 25% (Griffith et al. 2002).  This diversity of behaviour is thought to exist because of 

variation in the benefits available to females, both qualitative and quantitative (Petrie and 

Kempenaers 1998).  This may apply equally to the potential costs that may deter males and 

females from seeking an extra-pair mate.  Examining the source of variation in extra-pair or 

extra-group parentage rates can elucidate the major benefits to the participants and the 

evolutionary forces that may be driving such behaviour. 
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1.2.7  Extra-group paternity in cooperative breeders 

Extra-group mating activity has different associated costs and benefits compared with extra-

pair copulations.  The immediate material benefits that a female could accrue are largely 

redundant if the female is already established in a territorial group.  These include courtship 

feeds, paternal care, or use of territorial space (Cockburn 1998).  Costs such as the loss of 

paternal care if the male detects his decreased paternity are mitigated by the alloparental efforts 

provided by the rest of the group in cooperatively breeding species (Mulder et al. 1994).  There 

is also less likelihood of losing territorial space while a male or female is out seeking extra-

group mates if there are others to defend the territory.  Potential benefits to the fitness of the 

female’s brood now assume greater importance in directing her extra-group mating effort. 

 

Of the cooperatively breeding species of birds, the best known examples of extra-group 

paternity occur in fairy-wrens (Malurus spp.) (Brooker et al. 1990, Double and Cockburn 2000, 

Mulder et al. 1994, Russell and Rowley 1996, Peters 2002).  In a population of the splendid 

fairy-wren, Malurus splendens, 65% of young were found not to be the offspring of any male in 

the group (Brooker et al. 1990).  In a population of the superb fairy-wren, Malurus cyaneus, 76% 

of young were fathered by extra-group males (Mulder et al. 1994).  Until recently this was the 

highest known rate of extra-group paternity in any bird species.  Recently, a cooperatively 

breeding population of the western race of the Australian magpie (Gymnorhina tibicen dorsalis) 

was reported with 82% of young fathered outside the social group (Hughes et al. 2003). 
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1.3 The Australian Magpie 

 

1.3.1  General information 

The Australian magpie, Gymnorhina tibicen Latham, is a large passerine (36 – 44 cm) (Simpson 

and Day 1999), with a natural distribution covering most of the Australian continent (Schodde 

and Mason 1999).  The sexes are dimorphic.  Mature males of all races have a white patch on 

the nape of the neck, while mature females have a grey patch (Pizzey and Knight 2001).  The 

sex of immature birds (under the age of three years) cannot be distinguished, and individuals 

are greyish and fluffy where the glossy black parts of the adult plumage will appear.  Magpies 

feed largely on invertebrates that they pick from the ground or occasionally hawk from the air, 

but can show remarkable variety in their diet, ranging from seeds and fruits, to nestlings of 

smaller birds, frogs, mice, and they will even scavenge roadkill (Vestjens and Carrick 1974).  

They also occasionally cache surplus food (Rollinson 2002). 

 

1.3.2  Territoriality and aggression 

Food obtained by magpies is gathered within a permanent, year-round, all-purpose territory.  

Territorial features ideally include areas of short grass to patrol for insects, tall trees for shelter 

and nesting, and low scrub to provide cover for fledglings (Carrick 1972).  Pastureland that has 

had most of the trees cleared is highly suitable, as is parkland and suburban backyards.  A 

water source does not seem to be essential (Carrick 1972).  Magpies are extremely territorial, 

and territorial possession appears to be a pre-requisite for breeding (Carrick 1963).  Magpies in 

optimal habitat rarely if ever leave their territorial boundaries and are likely to spend their 

entire lives there (Carrick 1963).  Those magpies that do not gain a territorial position may try 

to live on sub-optimal habitat, but such groups usually disband (Carrick 1972).  The last option 

for individuals of some races of magpie is to join a flock of ‘floaters’.  Flock birds commute 
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daily from feeding to roosting sites and do not appear to engage in breeding attempts (Carrick 

1963). 

 

Territorial defence is extremely important to magpie groups.  All group members except the 

very young usually participate (Farabaugh et al. 1992), and defence can range from carolling 

and other vocalisations, to posturing and physical displays, right up to physical aggression and 

swooping aerial attacks (Brown and Veltman 1987).  Aggression is also shown towards 

potential predators such as raptors and cats (Felis domesticus); threats such as humans; and 

seemingly benign species such as corellas and cockatoos (Cacatua spp.), and other smaller bird 

species (Cilento and Jones 1999).  Territorial boundaries are firmly established and intra-

specific intruders are not tolerated during daylight hours (Farabaugh et al. 1992).  However, 

Robinson (1956) reported that male intruders were apparently allowed to stay overnight in a 

population of the western race (G. t. dorsalis).  

 

1.3.3  The breeding cycle 

The breeding season lasts from approximately July to December each year, and according to 

Robinson (1956), the earliest and latest clutches recorded by the National Museum of Victoria 

for Victoria were in late August and early November respectively.  The female alone builds the 

nest and incubates the eggs, while the male feeds the nesting female, and both males and 

females, and helpers in some populations, feed nestlings and fledglings (Robinson 1956, 

Hughes et al. 1996).  In a population of magpies studied near Canberra, females laid an average 

of 3.5 eggs per clutch, and the average annual rate of replacement was one young bird raised to 

independence per breeding pair of magpies (Carrick 1972).  The period of fledgling 

dependence is very long in the magpie and adults will feed fledglings for up to three months 

after they leave the nest (Brown and Veltman 1987). 



 14

 

1.3.4  Races of the Australian magpie 

There are eight races currently accepted in the literature (Fig. 1.1) (Schodde and Mason 1999).  

The western magpie (G. t. dorsalis) is found in south-western Western Australia.  It hybridises 

with G. t. longirostris to the north (Schodde and Mason 1999).  Males of the race dorsalis have 

white backs, females have mottled black and white backs.  They live in large territorial groups 

of up to 20 residents, and no flock system has been recorded (Robinson 1956).  Robinson 

(1956) did not observe helpers feeding young in the western race, but cited many examples 

from other observers of this behaviour and stated he had ‘no doubt’ that his own study 

population engaged in the same behaviour (Robinson 1956, p.299).   

 

The black-backed magpie (G. t. tibicen and G. t. terraereginae) occurs on the north-eastern side of 

the continent (Schodde and Mason 1999).  Males and females have a uniformly black back, 

with males having a white nape and females a greyish nape (Schodde and Mason 1999).  

Territories generally consist of an adult pair and offspring are thought to be evicted from the 

territory before the start of the next breeding season in some populations (Hughes et al. 1996).  

The black-backed race hybridises with the white-backed race (G. t. tyrannica) in a zone that 

crosses central Victoria (Burton and Martin 1976).  Burton and Martin (1976) described five 

plumage morphs within this hybrid zone, ranging from ‘0’ – fully white-backed, to ‘5’ – fully 

black-backed, the intermediate numbers have increasing amounts of black feathers 

encroaching down an otherwise white back.  Magpies in this region live in large groups of up 

to 15 birds (Hughes et al. 1996).  Cooperative breeding has been reported in a hybrid 

population between the black-backed and white-backed races in south-eastern Australia, with 

both adult and juvenile helpers observed attending the nest and feeding fledglings (Finn and 

Hughes 2001).
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Fig. 1.1:  Distribution map of the morphotypes of Australian magpie races.  Map courtesy of A. Toon 

and adapted from Schodde and Mason (1999). 
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It should be noted that much of the preceding general information was obtained from studies 

conducted on the black-backed race (tibicen) (Carrick 1963, 1972, Vestjens and Carrick 1974, 

Cilento and Jones 1999, Rollinson 2002), the western race (dorsalis) (Robinson 1956, Hughes et 

al. 2003) or hybrids between the black-backed and white-backed races (Burton and Martin 

1976, Finn and Hughes 2001, Hughes et al. 2002).  Save for one study that investigated 

territory size in G. t. telonocua (Shurcliff and Shurcliff 1974), there has been no prior research 

conducted solely on the white-backed morph which is confined to the south-eastern corner of 

the Australian continent (G. t. telonocua and G. t. tyrannica).  This morph is believed to live in 

multiple-adult groups (Hughes et al. 1996). 

 

1.4 Aims 

 

The broad aim of this thesis was to use the white-backed magpie (G. t. tyrannica) as a model to 

test various hypotheses proposed to explain the evolution of cooperative breeding and extra-

group paternity in birds.  The study of mating systems and mate choice in birds often requires 

a multifaceted approach, which I have attempted to use here. 

 

1.4.1  White-backed magpie demography 

A detailed description of the social structure and mating system of a population of the eastern 

white-backed race of the Australian magpie (G. t. tyrannica) is provided in Chapter Three.  

Chapter Three contains the results of an intense observational study on a population of white-

backed Australian magpies, and gives details on the year to year structure of the territorial 

groups, reproductive output of the groups and identifies the breeding individuals and non-
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breeding auxiliaries.  It also contains estimates of the annual rate of loss (dispersal or death) of 

young birds from the territories. 

 

1.4.2  Relationship between the social structure and the genetic mating system 

The relationship between the observed social structure and the underlying genetic mating 

system of this population is documented in Chapter Three.  Chapter Three also contains the 

results of a parentage analysis for the population, estimating the rate of extra-group paternity 

(EGP) and maternity (EGM).  The incidence and distribution of extra-group mating activity is 

also related to the social structure of the territorial groups. 

 

1.4.3  EGP – causes and predictors 

The causes and predictors of any extra-group mating activity will be investigated by comparing 

my results with reported observations of other magpie races and populations.  Using a 

comparative approach, Chapter Three contains an analysis of differences and similarities 

between the current study population and a previously studied population of magpies in order 

to determine if there are any potential predictors or indicators of the level of EGP in a given 

population of Australian magpies.  This comparison will test the various hypotheses offered to 

explain the EGP phenomenon, particularly those that would otherwise be affected by 

phylogenetic bias if an interspecific comparison were employed, e.g.: ‘good genes’, inbreeding 

avoidance, and genetic compatibility hypotheses. 

 

1.4.4  Female choice 

In order to test the ‘good genes’ hypothesis further, as it applies to Australian magpies, some 

of the criteria females may use to choose a mate are investigated, both within and outside the 

social group.  Given that EGP may be a common feature of the mating system of the 
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Australian magpie, Chapter Four contains the results of a study designed to investigate female 

choice of mates and male quality criteria.  Using measurements taken in the field of the quality 

of males in the white-backed study population, variables found to influence female choice in 

other species of birds under the ‘good genes’ hypothesis were assessed in magpies.  This will 

assist in determining whether female magpies are choosing mates for their ‘good genes’ or for 

other factors. 

 

1.4.5  EGP and parental care 

To investigate the relevance of kin-selection theory and direct benefits to helpers in the mating 

system of the Australian magpie, Chapter Five details an effort to determine if the genetic 

mating system has any impact on the social cooperative system.  Particular reference is given to 

the relationship between level of paternal care and alloparental care and how these are 

influenced by the incidence of extra-group mating activity.  This also will test evolutionary 

hypotheses relating to male responses to cuckoldry and the potential costs of EGP.  These 

results will be compared with those reported for other races and populations of magpies.  

Chapter Five provides the results of an observational study of the feeding behaviour of older 

white-backed magpies towards nestlings and fledglings, and of a similar study conducted upon 

a population of western magpies, in order to compare and contrast.  The differing rates of 

EGP between the two populations of magpies will be one of the factors investigated as a 

potential impact on paternal and alloparental care levels. 
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CHAPTER TWO: GENERAL METHODS 

 
 

2.1  FIELD METHODS 

 
2.1.1  General Field Methods 

 

2.1.1.1 Selection and description of study site 

Site selection was based on the following requirements: a) a pure white-backed population was 

present; b) habitat resembled that in sites where other Gymnorhina tibicen races were currently 

being studied.  A rural site at Rowsley, Victoria (50 km west of Melbourne, 37o43’OS, 

144o24’OE) was found to contain high densities of pure white-backed magpies living in hilly 

pastureland with scattered remnant trees.  The birds lived in territorial groups with multiple 

adult members.  

 

A privately owned farm on Glenmore Road was selected as the primary field site.  The 

property comprises approximately 1600 acres of hilly land on sandy friable soil with many 

patches of large remnant eucalypts and other native trees.  In the second year of the study a 

second farm was added to increase the number of magpie territories, as a few groups studied in 

the first year had disbanded.  The primary field site historically was a sheep property.  In recent 

years, the land has been subject to invasion by the exotic grassland weed, Serrated Tussock 

(Stipa trichotoma).  To eradicate the weed, large portions of the farm had been turned over to 

crop barley for the first time in winter 2000, the year the present study began.  Approximately 

a third of the property was still used for sheep farming.  The property ended at the road to the 
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north, and was bordered by bushland on the south.  The secondary field site was adjacent to 

the primary one on two sides, but did not have a weed problem, and was used to farm cattle.  

In 2002, the secondary site was not accessible by vehicle, so bird territories were observed 

from adjoining land.  One territory (FG) could not be observed due to the lie of the land.  

Therefore, observations and sampling were conducted on this territory in the 2001 breeding 

season only. 

 

2.1.1.2  Identification of territorial groups 

Thirty-two magpie territories were identified (see Figure 2.1) and 221 individuals banded over 

three years.  One group (DD) disbanded in the first year, three territories were taken over by a 

new group of birds between the 2000 and 2001 breeding seasons (BR, GK, and LBG), and 

four additional territories were added to the study in the second year on the secondary field site 

(FW, FG, PC, and SW).  Territories were contiguous, and contained an average of three adult 

birds, plus any fledglings and sub-adults that remained in the natal group.  Groups were 

observed for a week to ensure individuals defended territorial boundaries, and acted as a 

cohesive group in inter-territorial disputes.  Carrick (1963) defined ‘permanent groups’ as those 

that hold optimal territories that contain all their requirements in abundance.  Magpies in 

permanent groups never leave their territorial bounds, and usually breed successfully (Carrick 

1963).  Once identified as a permanent group, residents were habituated to receiving food 

from an open wire trap placed in the territory.  It could take as little as two weeks for wild 

birds to start taking the bait, having previously never had any close contact with humans.  

When the bait (low fat grated cheese) was being removed routinely from the trap by resident 

birds, the territory was considered ready for trapping. 
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Fig. 2.1:  Spatial arrangement of territories of white-backed Australian magpie groups.  Shaded orange areas are regions where flock-living magpies were 

observed to forage over the course of three years (2000-2002).  Territory sizes are approximate. 
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2.1.1.3  Trapping methods 

Traps consisted of a length of welded mesh chicken wire bent into a circle about 1.5 m in 

diameter and fastened with clothes pegs to create a door at one point, with a lid of the 

same wire held down with clothes pegs.  The trap was secured to the ground using tent 

pegs.  Traps were set by closing the top half of the door with clothes pegs, and inserting a 

wire half-cone shape into the lower part of the door.  This made the height of the new 

entrance narrow from standing magpie height, to a crouching height adopted by feeding 

magpies.  Birds followed a sprinkled bait of cheese into the trap via the cone and were 

unable to find their way out through the small interior hole.  Trapped birds would remain 

in the trap for some time comfortably until removed for banding and bleeding.   

 

Captured birds were placed in small calico bags prior to processing.  Each bird was visually 

aged, adults possess glossy black breast feathers and a black and white beak; and sexed, 

adult males have white napes and backs and females, grey (Simpson and Day 1999).  A 

combination of three coloured metal leg bands was placed on the right leg for visual 

identification of individuals.  A single coloured band on the left leg was used to designate 

the year the bird was first captured (white: 2000, blue: 2001, red: 2002) above which was 

added a plain metal band stamped with a unique serial number for each individual.  

Information on all banded birds was returned to the Australian Bird and Bat Banding 

Scheme.  Stainless steel leg bands were powder coated with durable colours.  Very young 

fledglings, less than a few days out of the nest, were colour banded with plastic bands of 

identical colours to the metal bands, following the same protocol.  The plain metal serial 

band was still used.  Plastic bands were lighter in weight, and once fastened with super glue, 

were impossible for a young fledgling to remove.   

 

A second method of trapping was employed on occasions in 2000 and 2002.  ‘Decoy 

trapping’ involved placing a live adult magpie, preferably male, into a small wire cage, then 
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positioning this cage inside a standard wire trap.  Wild territorial birds saw this magpie as 

an intruder and entered the trap in order to attack the decoy.  In 2000 a decoy bird was 

captured within the non-territorial flock that frequented the study site, in 2002, a secondary 

male was captured in a two-male territorial group for use as a decoy.  Decoys were always 

released unharmed after their period of employment.  This method of trapping often 

allowed capture of birds that had previously proved impossible to catch using food.  A 

third and final method for trapping wild magpies was to ‘run’ the trap.  This involved 

leaving the end of the trap open, as nervous birds often refused to duck their heads in 

order to enter the trap.  Bait was placed inside the trap, and my assistant and myself waited 

close-by.  If the target bird entered the trap, we ran forward, blocking the doorway and 

chasing the bird to the back of the trap.  The magpie was then removed by hand. 

 

Magpies that had fledged recently (within a week) could often be caught by hand on the 

ground or in a low bush.  On rare occasions, traditional trapping methods were required 

for fledglings.  However, as fledglings follow their main food provider (parent) closely, they 

would commonly follow another territorial resident into the trap whether interested in the 

bait or not. 

 

2.1.1.4  Field sampling for DNA 

Once captured, all birds were blood sampled by clipping the smallest claw on either foot 

above the quick using human toenail clippers.  One to three drops of blood were collected 

in a 2 mL plastic screw top tube containing 1 mL of Lysis buffer (10% SDS, 1 M Tris base, 

0.5 M EDTA, 1 M NaCl, double distilled H2O).  Clippers were sterilised between each use 

with methylated spirits and a flame to burn off the chemical.  Once banded and bled, birds 

were released in their home territory.  Bird processing took no more than five minutes 

apiece.  Blood samples were placed in an insulated box containing a large ice pack in the 

field, and were later placed in a –20 o C freezer (within a few hours of collection).  Tests 
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with blood samples in Lysis buffer showed that samples could be thawed and refrozen 

several times, and even left at room temperature for several days without degrading the 

quality of the purified DNA.  

 

2.1.2  Field Observations 

 

Australian magpies spend most morning hours patrolling their territories foraging for soft-

bodied invertebrates and other food items (Carrick 1972).  This time of day is also 

important for re-defining territorial boundaries with neighbours and for re-confirming 

hierarchies within territorial groups.  Birds are highly visible and patrol areas of short grass 

for prey items or intraspecific intruders.  Around mid-day, especially in summer when 

temperatures can be above 30 ºC, magpies commonly rest in the trees.  Later in the day, 

around 16:00 h, they usually resume feeding activities until dark (Carrick 1972).  At any 

time of the day, this pattern of activity can be interrupted by inter-group conflict (Carrick 

1972). 

 

2.1.2.1  Collection of behavioural data 

Territorial groups were observed in 20 minute long watches, five days a week.  Twenty 

minutes usually allowed enough time for birds to settle down after the appearance of the 

observation vehicle and to resume their normal activities.  Although I did undertake some 

longer watches (30 minutes or 1 hour), they did not provide additional information.  The 

best strategy was to position the observation vehicle where several territories could be 

observed sequentially without requiring the vehicle to be moved again.  Watches were 

confined to the hours between dawn and approximately mid-day, and the order in which 

territories were observed was varied in order to eliminate any potential observational bias 

resulting from certain behaviours occurring more commonly at certain times.  Territories 

were not observed after mid-day for two reasons: the birds were generally inactive; and 



 25

shimmer from heated air over the ground made reliable observations virtually impossible.  

Watches were conducted using a vehicle as a hide, a spotting scope (Leica Televid 77 with a 

20 – 60 x zoom eyepiece), and binoculars (Gerber 8 – 40 x).  Birds were identified 

individually, and their activities recorded, with particular attention paid to breeding 

behaviour, e.g.: nesting material collection, nest building, sitting on a nest, feeding the 

sitting female etc.  Other behaviour, such as intragroup fights, usually between dominant 

adults and subordinates, and territorial defence such as border disputes, were also recorded. 

 

These data were compiled into a database that contained information on group 

membership, presence/absence records of individuals, and order of dominance hierarchies.  

At the very least, the dominant social breeding pair in each territory could be identified. 

 

2.1.2.2  Nesting and fledging 

As the breeding season progressed, location of the nest site became paramount.  I 

monitored the progress of the developing nestlings wherever possible, and included 

information on which territorial members were engaged in feeding them.  As the young 

magpies approached fledging age (late September through October, to early November), 

they were usually visible perched on the edge of the nest.  Daily checks were made on 

territories at this stage, in order to catch the fledglings as soon as they left the nest.  Tissue 

and blood was also collected from nestlings ejected early from the nest or those that died 

soon after fledging, before scavengers could remove or disturb the carcass. 

 

2.1.2.3  Feeding watches 

After young had fledged in a territory, I employed different observation methods.  Groups 

that failed to produce young in that season were now observed less frequently.  Territories 

with fledglings were watched on rotation in what were termed ‘feeding watches’.  

Fledglings give loud distinctive begging calls when about to be fed (Brown and Veltman 
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1987).  This enabled me to locate the feeder and its subject.  Feeding watches lasted twenty 

minutes, but did not begin until a group member first fed a fledgling.  Thus feeding 

watches could sometimes last an hour or more as the birds pursued other activities before 

inevitably feeding fledglings.  Records were kept of which bird fed which fledgling, and 

how many times the event occurred during the twenty minute observation period.  Feeding 

watches began in September and terminated in late December each year. 

 

2.2  LABORATORY METHODS 

 

2.2.1  Sample Treatment 

 

2.2.1.1  Sample storage 

Blood samples obtained in the field were stored in lysis buffer, and placed in a –20 oC 

freezer until they could be transported to the Molecular Ecology Laboratory (henceforward 

‘the lab’) at Griffith University in Brisbane, Queensland.  They were transported by road 

and kept frozen over the three-day journey.  Once samples arrived at the lab, they were 

transferred to a –80 oC freezer until they were required for DNA extraction.  Tests were 

conducted in May 2000 to determine how changes in ambient temperature affected the 

quality of the DNA extracted from the samples.  Six magpie blood samples collected in 

Queensland, previously used successfully for DNA extraction and amplification of 

microsatellite loci, were kept at room temperature for five days.  The samples were then 

refrozen and DNA was extracted. The DNA was then amplified using magpie-specific 

microsatellite primers and produced high quality microsatellite results. 

 

2.2.1.2  Extraction of DNA 

I extracted total genomic DNA from blood using a CTAB/ phenol-chloroform extraction 

procedure based on Doyle and Doyle (1987).  Approximately 10 µL of frozen blood mixed 



 27

in Lysis buffer was placed in a 1.5 mL sample tube containing 700 µL of extraction buffer 

(0.5 M Tris HCl pH 8.0, 2 M NaCl, 0.25 M EDTA, 0.5 M CTAB; Sigma) and 5 µL of 

proteinase K (20 mg/ml).  Each sample tube was agitated briefly then incubated overnight 

at 65 oC.  One step of cholorform-isoamyl (600 µL) (24:1), one of phenol (300  µL) (25:1) 

plus chloroform-isoamyl (300 µL) (24:1), and a further step of chloroform-isoamyl (600 

µL) were added to the supernatant collected after 15 minutes of mixing and centrifuging at 

room temperature at 13500 RPM after each step.  DNA was precipitated at –80 oC for 30 

minutes with 600 µL of isopropanol stored at –20 oC, then centrifuged for 15 minutes at 

13500 RPM.  I removed the supernatant and washed the DNA pellet with 700 µL of 70% 

ethanol.  Pellets were dried and resuspended in 50 µL ddH2O.  All extracts were stored in a 

refrigerator at 4 oC. 

 

2.2.2  Microsatellites 

 

2.2.2.1  Microsatellites as estimators of paternity and relatedness 

Microsatellites are tandem repeats of very short sequence motifs (Queller et al. 1993).  They 

are heritable, numerous on the eukaryote genome, and highly polymorphic (Queller et al. 

1993, Page and Holmes 2001).  Because they are non-coding, microsatellites are generally 

thought to be unaffected by selection (Goldstein and Schlötterer 2001).  All these features 

make them ideal for estimating paternity and relatedness in a population of organisms.  By 

determining the adjacent sequences, polymerase chain reaction (PCR) techniques can be 

used to amplify microsatellite loci from any individual, and screening techniques can assess 

the variation or similarity between related individuals (Page and Holmes 2001).  

Determining parentage and relatedness using microsatellites has the advantage over many 

other techniques (e.g.: allozymes; restriction fragment length polymorphisms or RFLP’s; 

and randomly amplified polymorphic DNA or RAPD’s) in that they produce 
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distinguishable codominant alleles that can be scored unambiguously (Queller et al. 1993).  

Multiple microsatellite loci are needed for confident assignation of parentage, and in this 

study I used nine loci developed by the Molecular Ecology Lab at Griffith University 

(Table 2.1). 

 

Table 2.1:  Repeat sequences and primer sequences for each of nine magpie-specific microsatellite 

loci.  All loci were used to determine parentage in the Rowsley white-backed Australian magpie 

population.  Adapted from Hughes et al. (2003). 

Locus Repeat sequence Primer sequence [forward primers (F)are labelled 5´ HEX] 

43a (AAG)18
F: 5´-GCTACCCGTAAATAAACAAACC 
R: 5´-GAGATGGCAGTGTACAATAAC 

201a (AG)4GGGA(AG)4(GG) 
(AG)5TCA(AAG)3

F: 5´- CTGAAATCTCAAGCATCTTCC 
R: 5´-TGTCCTGATAACCTCTAGCCAA 

206b (TC)C(TC)19CACATTCT 
(TC)2C(TC)2

F: 5´- CAAGCTCAGCCTACAAGCTTC 
R: 5´-ATCATTCAGTGCTCGCCGTGG 

115a (CA)2AA(CA)2AA(CA)6AA 
(CA)8TC(CA)2

F: 5´- GTAGTTCTCACTATGGATAAC 
R: 5´-CTGCAATGTTATCAGTTTGCT 

115b (CAAA)4(CAA)10
F: 5´-TGTTCCTAGAGATGACATTTC 
R: 5´-TGCTCTCAGGAGATAAATAAC 

208 (CT)13G(CT)10GT(CT)6
F: 5´- TCAGAAAAGACCTAGTTGGTGC 
R: 5´- GCCTAGTTGAGGTTTTCAAATG 

67c (GCA)2AGACCCA(GCA)6
F: 5´-GTCAAATGTCTATTTAAACAGG 
R: 5´-CACAGGAATATCTTGTTACTTC 

88b (CA)20
F: 5´-CTTTAGTTATGTGCTCTGTGGC 
R: 5´-ATGTGATAGACTGGTACAAGGG 

112 (CA)19
F: 5´-GATGCCTGCATCAGCCACAAG 
R: 5´-AATCTTTTTGCCCTCCTGATC 
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2.2.2.2  Polymerase chain reaction (PCR) for microsatellites 

Microsatellite alleles were amplified for each of nine polymorphic magpie specific loci for 

each individual.  Amplifications were performed in 12.5 µL reaction volumes containing: 

1.25 µL of 10 x reaction buffer (100 mM Tris-HCl at pH 8.3 and 500 mM KCl) (Biotech 

International Limited), 0.25 µL of 2 µL dNTP’s (Biotech International Limited), 0.50 µL of 

50 mM MgCl2, 0.05 µL of Taq DNA polymerase (Biotech International Limited), 0.50 µL 

of template DNA and 0.50 µL of each primer (10 mM), the balance being ddH2O. 

The PCR thermocycling conditions varied slightly for different loci depending upon the 

primers being used, and individual conditions are detailed in Table 2.2. 
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Table 2.2:  PCR thermocycling conditions for each of nine magpie microsatellite loci.  Annealing 

temperatures are in bold type. 

Locus Temp oC Time Repeat 

43a 

94 
94 
55 
72 
72 
4 

3.00 m 
0.30 s 
0.30 s 
0.30 s 
3.00 m 

∞ 

 
 

x35 cycles 
 

201 and 206b 

94 
93 
50 
72 
93 
55 
72 
72 
15 

3.00 m 
0.30 s 
0.30 s 
0.30 s 
0.30 s 
0.30 s 
0.30 s 
7.00 m 

∞ 

 
 

x10 cycles 
 
 

x30 cycles 
 

115a and 115b 

93 
92 
54 
72 
72 
15 

3.00 m 
0.30 s 
0.30 s 
0.30 s 
5.00 m 

∞ 

 
 

x35 cycles 

208 

94 
93 
50 
72 
93 
53 
72 
72 
15 

3.00 m 
0.30 s 
0.30 s 
0.30 s 
0.30 s 
0.30 s 
0.30 s 
7.00 m 

∞ 

 
 

x10 cycles 
 
 

x25 cycles 
 

67c 

94 
93 
52 
72 
72 
15 

5.00 m 
0.30 s 
0.30 s 
0.30 s 
7.00 m 

∞ 

 
 

x40 cycles 
 

88b 

94 
93 
45 
72 
94 
48 
72 
93 
50 
72 
72 
15 

3.00 m 
0.30 s 
0.30 s 
0.30 s 
0.30 s 
0.30 s 
0.30 s 
0.30 s 
0.30 s 
0.30 s 
5.00 m 

∞ 

 
 

x5 cycles 
 
 

x5 cycles 
 
 

 x25 cycles 
 
 

112 

93 
92 
52 
72 
72 
15 

3.00 m 
0.30 s 
0.30 s 
0.30 s 
7.00 m 

∞ 

 
 

 x30 cycles 
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2.2.2.3  Microsatellite screening 

Microsatellite alleles were visualised in a 5% denaturing polyacrylamide gel in 5x TBE 

buffer, at 1200 volts for up to 90 minutes.  Running time depended upon the sequence 

length of the locus fragment.  Base pair sizes were measured using TAMRA 350 bp size 

standard (ABI), and a reference standard made from pooled genotypes of individuals 

served as a comparison among gels.  A GelScan 2000 automated genotyping system 

(Corbett Research) and PC allowed for the capture and manipulation of images. 

 

Each PCR product and TAMRA size standard was diluted 1:1 with formamide blue dye 

and then denatured for 5 mins at 95oC (Corbett thermocylcer), and placed on ice.  The gel 

contained a maximum of 35 wells, and no more than 24 samples and four TAMRA 

standards were run on each gel.  The loading procedure was one standard lane (0.7 µL), 

followed by eight samples (1 µL each), and ended with another standard lane, up to 24 

samples.  Completed gels were analysed using the software One-Dscan (Scanalytics Inc. 

version 2.03).  This program allowed for the calibration of size standards and the 

measurement of base pair sizes for each allele expressed. 

 

2.2.3  Genetic sexing of juvenile magpies 

 
2.2.3.1  Protocol for genetic sex identification 

Magpies under the age of three years are impossible to sex using plumage characteristics 

(Robinson 1956).  All juvenile magpies were therefore sexed genetically using the methods 

of Griffiths et al. (1996).  The primers used were P2 and P8, and the test simultaneously 

amplified homologous sections of the CHD-Z and CHD-W genes that differed in length.  

Male birds are the homogametic sex (ZZ) and females are heterogametic (ZW), so the test 

amplified a single band of DNA for males and two bands for females.  After the PCR 

procedure outlined below, each sample had 2 µL of 6 x Gel loading buffer dye added to it, 
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and was brought to room temperature.  Then samples underwent electrophoresis on a 3% 

agarose gel in 5 x TBE buffer with 5 µL ethidium bromide added, at 100 volts for 2 hours.  

Gels were visualised under an UV light and an instant photograph taken (Polaroid CU-5 

88-47).  

 
2.2.3.2  PCR for sex identification 

PCR amplifications for sexing were also performed in reaction volumes of 12.5 µL.  They 

contained: 1.55 µL of 10 x reaction buffer; 0.25 µL of 10 mM dNTP’s; 1.375 µL of 50 mM 

MgCl2; 0.05 of Taq DNA polymerase (Biotech International Limited); 0.5 µL of template 

DNA; and 0.50 µL of each primer; the balance being ddH2O.  PCR thermocycling 

conditions were: 1.30 mins, 94oC / 0.30s, 94oC / 0.30s, 54.5oC (annealing temperature) / 

0.30s, 72oC / 90s, 45 cycles, 7.00 mins, 72oC, and hold at 4oC. 

 

2.3  STATISTICAL METHODS 

 

2.3.1  Parentage Assignment 

 

2.3.1.1  Parentage assignment using CERVUS 

Basic allelic statistics including: FIS values (calculated using GENEPOP - see: Raymond and 

Rousset 1995), allele frequencies, expected and observed heterozygosities, exact tests for 

deviation from Hardy-Weinberg expectations, and exclusion probabilities were calculated 

using CERVUS 2.0 (Marshall et al. 1998).  Using the simulation function of the program, I 

assumed a typing error rate of 1% and claimed 75% of the candidate parents in the 

population were sampled to account for neighbouring groups of birds that were not 

included in the study.  This ensured that conservative critical Delta scores were used in the 

confidence testing for parentage assignments.  Confidence levels of 80% are sufficient to 

make accurate estimates of parentage, including distinguishing between close relatives as 
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potential fathers (Slate et al. 2000).  I assigned parentage first within territories (the social 

group defending a particular parcel of land), with all adults in the territory considered as 

candidate parents.  Then if maternity or paternity could not be assigned, I screened 

fledglings against all adults within the sampled population.  I detected maternity first and 

accepted the female as the maternal parent if she was given a confidence level (C.L.) at or 

above 80%.  The group was then re-analysed with the assigned mother as the ‘Known 

Parent’, and males that received a C.L. of 80% or above were accepted as fathers.   

Occasionally CERVUS could not identify the mother, but stated there were zero or very 

few mismatches between fledglings and putative parents.  These individuals were rechecked 

by hand, each gel reassessed visually, and any errors corrected.  Highly matching females 

were then taken as the known mother.  If a father was detected from outside the social 

group holding the territory at or above the 80% C.L., extra-group paternity (EGP) was 

assumed.  Cases where mothers were detected from outside the social group were labelled 

extra-group maternity (EGM).   

 

2.3.1.2  Parentage assignment using exclusionary methods 

A simple exclusion based estimate of parentage was also undertaken for each fledgling in 

order to make a direct comparison with the results of Hughes et al. (2003).  For this 

method CERVUS was used to detect the most closely related adults to the offspring in 

question, first within territories, then outside if parents were not found within the territory.  

Adults with zero or a maximum of one mismatch between parental and offspring alleles 

were assigned as parents.  All mismatches that were only one microsatellite repeat unit out 

were re-checked on the original gel to ensure they were true mismatches and not scoring 

errors.  

2.3.1.3  Relatedness 

An index of relatedness (r) between all individuals within territories and within the whole 

population was calculated in RELATEDNESS 5.0.8 (Queller and Goodnight 1989).  The 
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categories examined were relatedness of all males, all females, all males and females 

averaged across all territories and within territories, and all juveniles.  Relatedness scores 

were also estimated using RELATEDNESS for helpers and the fledglings helped, and 

helpers and the nesting female helped. 
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CHAPTER THREE: THE RATE OF EGP IN THE 

WHITE-BACKED AUSTRALIAN MAGPIE 

 

3.1  Introduction 

 
Extra-pair (EPC) or extra-group copulations (EGC) are a feature of many avian mating 

systems (Griffith et al. 2002).  Benefits to the male bird are well established, individuals gain 

cost-free genetic offspring (Ligon 1999).  The reasons for females seeking copulations 

outside the pair bond however, are not so obvious.  Females may seek direct benefits such 

as food from courtship feeding, male parental care, or territorial space, but when birds 

occupy permanent territories and are group living, these benefits may be less important 

(Double and Cockburn 2000).  Indirect benefits such as increased genetic diversity (Petrie 

and Kempenaers 1998), ‘good genes’ (Kempenaers et al. 1992, Sheldon et al. 1997), or 

enhanced genetic compatibility (Zeh and Zeh 1996, 1997) may become more important 

factors influencing female mate choice.   

 

3.1.2  Ecological explanations for variation in EGP rates 

In a recent review, the rate of extra-pair paternity (EPP) has been recorded as varying 

between 0 - 72% across all passerine species, with an average frequency of 11.1% of 

offspring being the result of EPP’s (Griffith et al. 2002).  Differences in the rate of EPF’s 

within and between species have been attributed to several causes.   The two theories 

commonly invoked to explain these differences in an ecological context are the Breeding 

Synchrony hypothesis (Stutchbury 1998a), and the Breeding Density hypothesis (Westneat 

and Sherman 1997). 
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The Breeding Synchrony hypothesis maintains that a high level of synchrony in the time 

the females become fertile leads to high rates of EPF.  Where males and females must 

settle quickly in a breeding territory some females often end up being paired with poor 

quality males, as the best males are paired preferentially.  These females then seek EPF’s as 

a compensation, and high breeding synchrony enables females to assess many displaying 

males as potential mates simultaneously (Stutchbury 1998c).  The Breeding Synchrony 

hypothesis assumes that females are seeking good genes, which may not be true in some 

cases.  

 

The Breeding Density hypothesis states that an increase in breeding density will lead to an 

increase in EPF’s within species, but not between species (Westneat and Sherman 1997).  

The Breeding Density hypothesis is slightly contradictory in that females have greater 

opportunity to engage in EPF’s when density is high, although there is also the possibility 

that at high density mate guarding by males may be a simpler task and so EPF’s are likely to 

decrease (Westneat and Sherman 1997).  If the species does not engage in mate guarding, 

EPF’s would be expected to increase as nesting density increases.  However, if density at 

the breeding site was so high (e.g.: colonial seabirds) that females were rarely out of their 

mate’s sight, escaping to engage in or engaging in EPC’s would become difficult and the 

incidence would probably decrease. 

 

3.1.3  Comparing populations 

By comparing the rates of EPF’s in two populations of the same species living in different 

social contexts, information can be gathered about the relative importance of various 

benefits for the female seeking an extra-pair mating without the complication of different 

phylogenetic histories.  A comparison between intraspecific populations can shed light on 

the constraints, genetic or otherwise, placed on females in each population and the 

strategies they may employ in order to maximise their reproductive output.  Australian 
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magpies offer an ideal opportunity for testing these hypotheses as there are several very 

closely related races living in populations with different social structures. A comparison 

between populations of two of the races is therefore unlikely to be affected by phylogenetic 

bias. 

 

A population of Australian magpies (race dorsalis) from south-western Australia (Guildford 

population) was studied over three breeding seasons between 1996 and 1998 (Hughes et al. 

2003).  Eight microsatellite loci were used to determine parentage.  The rate of extra-group 

paternity (EGP) was determined to be 82%, currently the highest known rate of EPP for 

any passerine species.  Given the extreme territorial behaviour displayed by this species, 

this is a remarkable finding.  The western magpies (race dorsalis) live in groups of 2-12 

adults and young usually do not disperse from the natal territory, instead they remain with 

their group to eventually become breeders (Carrick 1972, Hughes et al. 2003).  Brown 

(1969) predicted that a lack of dispersal from the natal territory would be expected to lead 

to high levels of inbreeding within territories, but Hughes et al. (2003) found that this 

population did not show evidence of inbreeding, and attributed it to the high level of 

EGPs.  They suggested that females engaging in EGPs avoid inbreeding and as a 

consequence increase the genetic variation of their brood, which may maximise their 

reproductive output by avoiding the negative effects of inbreeding depression. 

 

There is some indirect evidence that eastern magpies (more specifically, white-backed, 

black-backed and the hybrid between the white-backed and black-backed races of 

Australian magpie), may have evolved different dispersal behaviours to western birds, and 

that eastern races may have higher dispersal rates than western (Baker et al. 2000, 2001).  

Evidence for gene flow over long distances has been detected in the eastern races, 

suggesting that juvenile dispersal does occur (Baker et al. 2001).  Differences in dispersal 

rates among races is likely to have a profound influence on EGP rates among races. 
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White-backed magpies have not been studied in great detail before the present study, and 

demographic information about them is very limited.   A comparison of the two 

populations was made in order to determine what if any indirect benefits female magpies 

might obtain if they chose to engage in an extra-group copulation.   If the genetic diversity 

hypothesis can explain EGP seeking behaviour in this species then the level of natal 

dispersal and the level of inbreeding in the territories are important factors.  If natal 

dispersal is absent in both races, leading to socially close relatives breeding within 

territories, then levels of EGP should be the same.  If this were the case, females of both 

populations would gain genetic variation from extra-group mates.  If dispersal capabilities 

were significantly different, everything else being equal, it may be expected to be reflected 

in different EGP rates.  If females were seeking ‘good genes’ from extra-group males, 

males detected as being responsible for an EGP would be expected to have territorial 

fledglings of their own, or males that were never cuckolded would be expected to be 

fathers of EGP offspring in other territories.  Alternatively, if genetic compatibility was 

important, rates of EGP would be expected to be similar between populations.  This is 

because the races are closely related and evolution of problems of genetic incompatibility 

would be occurring within essentially a common gene pool. 

 

Of the ecological hypotheses, if the synchrony of the breeding season influenced EGP 

rates, then the observed rates would be the same between populations under the Breeding 

Synchrony hypothesis (Stutchbury 1998a), as both races follow the same breeding cycle.  If 

the two populations live in relatively different densities, then the Breeding Density 

hypothesis (Westneat and Sherman 1997) could possibly explain any variation in EGP 

rates.  However, given that magpies in general are extremely aggressive towards territorial 

intruders (Farabaugh et al. 1992), breeding density is not predicted to show any effect on 

levels of extra-pair behaviour.  Intruding birds are expected to be repelled by territorial 
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birds regardless of the density of the study population, and higher densities of individuals 

ensures that group members are likely to spot intruders more easily.  

 

In this chapter I aim to describe the social structure in a population of the white-backed 

magpie including the rate at which male and female juveniles remain in the natal territory.  I 

also intend to determine the rate of EGP’s in this population, and finally, to compare EGP 

rates with those of western magpies in order to discriminate among major hypotheses 

proposed to explain EPF behaviour.
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3.2  Methods 

 

The field methods I used in this chapter are detailed in Chapter Two, sections 2.1.1 

General Field Methods and 2.1.2 Field Observations.  The laboratory methods are 

presented in sections 2.2.1  Sample treatment, 2.2.2  Microsatellites, and 2.2.3  Genetic 

Sexing of Juvenile Magpies.  This contains the relevant information pertaining to the 

parentage study and the sex identification of juvenile magpies.  Statistical methods used are 

presented in 2.3  Statistical Methods.  This includes details of how CERVUS was used to 

determine parental – offspring relationships, the use of simple exclusionary methods for 

parentage assignment to allow comparisons with the results of Hughes et al. (2003), and the 

estimation of relatedness coefficients between individuals using RELATEDNESS. 

 

3.2.1  Estimating dispersal 

Dispersal rates were calculated from observational data for two seasons.  A fledgling that 

was re-sighted in its natal territory after one year, (i.e.: the beginning of the next breeding 

season) was considered not to have dispersed.  Fledglings that had not been re-sighted in 

their natal territory could either have died in the interim or dispersed from their natal 

territory.   

 

3.2.2  Statistical methods 

A chi-squared test was employed to determine if the number of males in a territory had an 

effect on the number of extra-group young produced.  RELATEDNESS was used to 

provide an estimate of the degree of relatedness between all territorial males and females in 

the population, and all territorial males and all territorial females, as well as all juveniles in 

the population and all males and females within territories.  This was done to a) see if there 

was any significant level of inbreeding in the population, and b) to allow a comparison with 

the results of Hughes et al. (2003) from the western magpie population. 
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A test of proportions based on the normal approximation to the binomial distribution was 

used to test if the difference in the observed rate of EGP’s between the two populations 

(white-backed (p1) vs. western (p2)) was significant.  The sample sizes in both populations 

(white-backed n = 79, western n =43 (Hughes et al. 2003)) were sufficiently large to allow 

this approach.  
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3.3  Results 

 

3.3.1  Demographic Data 

All residents within the sampled territories were captured and blood-samples taken (n = 

221), including all within-group putative parents, with the exception of a single adult 

female.  As a result, the entire group that this female belonged to (DH), including two 

sampled males and four sampled fledglings produced over the course of the study, were 

excluded from all parental analyses.  The genotypes of the two DH males that were 

sampled were included however, in the searches for extra-group fathers for the rest of the 

study population.  The complete sampling of all remaining territorial groups was confirmed 

by observational data and record-keeping.   

 

White-backed magpies (race tyrannica) live in permanent territorial groups in the Rowsley 

population.  Group size ranged from two to six individuals per group with an average of 

3.3 adults, usually consisting of two females and a single male, although nine groups had 

more than one male (Table 3.1).  Where more than one female was present in a territory, 

usually only the dominant individual built a nest and incubated eggs.  Occasionally a 

subordinate female also bred in a separate nest after the first female had started incubating.  

The breeding season was highly asynchronous, lasting between June and November each 

year with young fledging from mid-September until the end of November.  
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Table 3.1:  Demographic information on the Rowsley population of white-backed Australian 

magpies.  Individuals refer not only to adults within a territorial group, but also to sub-adults 

between one year and three years of age.  Fledglings born within the timeframe of this study were 

not included in this analysis. 

Number of birds of each sex/age 

class residing within a territory. 

(n = 32) 

Males 

(n = 41) 

Females  

(n = 63) 

Sub-adults 

(n = 21) 

0 birds / group 

1 bird / group 

2 birds / group 

3 birds / group 

Average number of birds in a group 

n/a 

71.9% 

28.1% 

0% 

1.3 

n/a 

18.8% 

65.6% 

15.6% 

2.0 

56.3% 

25% 

15.6% 

3.1% 

0.7 

One male, one female groups 

 
One male, two females groups 

 
 

 

One male, three females groups 

 

Two males, one female groups 

 

Two males, two females groups 

 

 

Two males, three females groups 

Average number of adults 

Average number of individuals 

One male, one female, one sub 

 

One male, two females, one sub 

One male, two females, two subs 

One male, two females, three subs 

 

One male, three females, two subs 

 

Two males, one female, two subs 

 

Two males, two females, one sub 

Two males, two females, two subs 

 

 

 

3 

1 

18 

6 

2 

1 

2 

1 

3 

1 

3 

1 

1 

3 

3.3  

3.9 

 

The average rate of loss of one-year-old birds from the natal territory was 0.61 over two 

seasons (see: Table 3.2).  Between the first and second seasons the rate of loss of two-year-

old birds was 0.29, and dispersal was male biased (0.57 of male two-year-olds compared to 

0.14 of females left their natal territories).  Dispersal of fledglings born in the 2000 

breeding season between the 2001 and 2002 seasons (two-year-old birds) was 0.57.  Within 
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the study area a non-territorial flock of magpies was observed in 2000 and 2001.  The flock 

numbered between 20 and 70 individuals, contained both sexes, and sub-adult as well as 

adult birds.  On one occasion a banded sub-adult bird that disappeared from a territorial 

group was re-sighted some weeks later feeding within the flock. 

 

Table 3.2:  Dispersal rates for one-year-old and two year old magpies for two breeding seasons.  

Dispersed refers to birds that were not re-sighted in their natal territory one year after fledging or 

after the commencement of observations in the case of two-year-old sub-adults.  All sub-adults 

were genetically sexed.  

Season Age Sex Dispersed 

Dec 2000 – August 2001 

 

 

 

 

 

One-year-olds 

 

 

Two-year-olds 

 

 

Males (n = 10) 

Females (n = 7) 

Both sexes 

Males (n = 7) 

Females (n = 14) 

Both sexes 

0.60 

0.57 

0.59 

0.57 

0.14 

0.29 

Dec 2001 – August 2002 

 

 

 

 

 

One-year-olds 

 

 

Two-year-olds 

 

 

Males (n = 14) 

Females (n = 29) 

Both sexes 

Males (n = 3) 

Females (n =3) 

Both sexes 

0.64 

0.62 

0.63 

0.33-

0.66-

0.57 
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3.3.2  Parentage Analysis 

Locus 88b was excluded from further analyses as it did not conform to Hardy-Weinberg 

expectations; it was possible that null alleles may have confounded the analysis for this 

locus.  The eight remaining microsatellite loci used in the parentage analysis were highly 

variable, with allele numbers ranging from four to 22.  When used in conjunction, they 

correctly excluded non-parents in 99.8% of cases (Table 3.3).  None of the remaining eight 

loci deviated from Hardy-Weinberg expectations after Bonferroni correction. 

 

Table 3.3:  Loci statistics for microsatellites used in parentage analysis.  N: sample size of 

individuals used to determine loci satistics, k: total number of alleles detected for the locus, Ho: 

observed heterozygosity, He: expected heterozygosity, Exc P1:  probability of excluding the first 

parent correctly, Exc P2: probability of excluding the second parent correctly. 

Locus N k Ho He FIS* Exc P1 Exc P2 HWE**

43a 

67c 

112 

115a 

115b 

201a 

206b 

208 

221 

221 

221 

221 

221 

221 

221 

221 

20 

4 

21 

16 

22 

13 

14 

17 

0.796 

0.489 

0.891 

0.769 

0.946 

0.584 

0.778 

0.679 

0.871 

0.447 

0.911 

0.837 

0.908 

0.658 

0.791 

0.688 

0.0860 

- 0.0940 

0.0215 

0.0813 

- 0.0414 

0.1136 

0.0157 

0.0129 

0.59 

0.10 

0.70 

0.51 

0.69 

0.26 

0.42 

0.32 

0.74 

0.22 

0.82 

0.67 

0.81 

0.43 

0.59 

0.51 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

Mean number of alleles per locus: 15.78, Mean expected heterozygosity: 0.778, Total exclusionary 

power, first parent: 0.98-, Total exclusionary power, second parent: 0.99- 

* (Weir and Cockerham 1984) 

 ** After Bonferroni correction (Rice 1989) 
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From the microsatellite analysis, territorial mothers (n = 72) of fledglings could be assigned 

unambiguously in 91.1% of cases examined (Table 3.4).  In no cases of extra-group 

maternity was a mother found to come from another territory included in the study.  

Paternity could not be assigned within a territory in 44.3% of cases.  Where the father was 

from outside the territorial group, he was detected in another territory within the study 

population in 11.4% of cases.  Of these, the father was a resident in a close or 

neighbouring territory in 50% of cases.  In 5% of cases a fledgling was not related to any 

territorial adults, and was classified as an ‘egg-dump’.   Two males in two territories were 

never cuckolded (M21 PC – five fledglings, M17 HHH – two fledglings) over the three 

breeding seasons.  Two of the EGP fathers identified were themselves cuckolded within 

their home territories, (M9 CT = 0.75, M3 BE = 1.00), the other two identified EGP 

fathers did not sire any fledglings in their respective territories during the course of the 

study.  One of these birds (M5 AS) moved into a new territory every year, and never 

produced a fledgling in any of his ‘home’ territories for the duration of the study.  Analysis 

of the data using exclusionary methods yielded similar results.  Maternity could be assigned 

within the social group in 92.4% of cases, extra-group paternity occurred in 38% of cases.  

Exclusionary analysis revealed a few additional fathers within groups that were not assigned 

using CERVUS alone, after every mismatch between putative parents (as assigned by 

CERVUS), territorial putative parents (gained from observational data) and offspring was 

checked on the original gel.  Paternal exclusions of putative fathers from within territories 

averaged 3.3 mismatches per father/ offspring comparison, and were an average of 3.8 

microsatellite repeat units out (Fig. 3.1), indicating that they were true genotype mismatches 

and not gel scoring errors.  The two methods for assessing parentage gave highly 

concordant results. 
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Fig. 3.1:  Number of repeats between mismatched alleles.  Frequency of the number of 

microsatellite repeat units that constituted the degree of each mismatch between excluded territorial 

fathers and their putative offspring, simple exclusion analysis only. 

 

Table 3.4 shows the territorial groups that produced fledglings, all putative parents and the 

genetic parents where known.  Multiple male groups were uncommon, and constituted only 

six of all territories that produced young during the course of the study.  Paternity was 

shared between the multiple males on one occasion.  There was no significant relationship 

between the number of males in a group and the number of extra-group young detected 

within that group (χ2 = 0.829, P = 0.36).  There were three cases of apparent egg-dumping 

where an unknown female had laid an egg in another female’s nest.  On one occasion a 

sub-adult bird (later genetically sexed and found to be female) was identified as the mother 

of a fledgling within a territory that already had an adult female nesting. 
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Relatedness between all territorial males in the white-backed population was –0.0247 on 

average (S.E.: 0.0063, 95% C.I.: 0.0145), average relatedness between all females was –

0.0122 (S.E.: 0.0027, 95% C.I.: 0.0062), and between all males and females the average 

relatedness was –0.0152 (S.E.: 0.0028, 95% C.I.: 0.0064).  The average relatedness between 

males and females within territories was 0.0541 (S.E.: 0.0144, 95% C.I.: 0.0284).  The 

average relatedness between all juveniles in the white-backed population was 0.0032 (S.E.: 

0.0026, 95% C.I.: 0.0060). 

 

A test of proportions showed that the EGP rates were significantly different between the 

two populations: white-backed (EGP 44%) = p1; western (EGP 82%, Hughes et al. 2003) = 

p2.  A 95% confidence interval for p1 – p2 was (-0.21, -0.53), therefore the difference 

observed in the relative rates of EGP between the two populations was significantly 

different. 
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Table 3.4: Territorial groups and genetic parents of fledgling white-backed Australian magpies in the 

Rowsley population.  Only young born in the 2000 – 2002 breeding seasons are included.  Underlined birds 

are genetic parents, birds in the ‘Extra-group parent’ column are all extra-group fathers, and birds in the 

‘Male’ or ‘Female’ columns in bold type were found to be parents using the exclusionary method of assessing 

parentage. The (n1) denotes a territorial female who incubated the first or only nest for that season and (n2) 

denotes a territorial female who incubated the second nest in the season.  Fledglings that have a nesting 

female recorded in its row came from that nest.  These data were unavailable for all fledglings, particularly 

where two broods fledged within a short space of time, or nests were undiscovered.  Refer to the Appendix 

for the genotypes of all individuals. 

 

Territory Breeding 
season Fledglings Females Males Extra-group 

parent 

AS 
 

2000 
2001 

J1 
J2 

F1(n1), F2, F3 
F1(n1), F2, F3 

M1 
M1  

BAC 
 

2001 
2002 

J3 
J4 

F4(n1), F5 
F4(n1), F5 

M2 
M2 

 
 

BE 2001 J5 F6(n1) M3  

BPP 
 

2000 
2001 

J6 
J7 

F7(n1), F8 
F7(n1), F8 

M4
M4 

 
M5 AS 

CJ 
 

2000 
2002 

J8 
J9 

F9(n1) 
F9(n1) 

M6, M7 
M6, M7 

 
 

CT 
 
 
 

2000 
 
2001 
2002 

J10 
J11 
J12 
J13 

F10(n1) 
F10(n1) 
F10(n1) 
F10

M8, M9 
M8, M9 
M8, M9 
M8, M9 

 

FW 
 
 
 
 

2001 
 
 
2002 

J14 
J15 
J16 
J17 
J18 

F11(n1), F12 
F11(n1), F12 
F11, F12(n2) 
F11(n1), F12 
F11(n1), F12 

M10 
M10 
M10 
M10
M10 

 
 
 

GK01 
 
 
 

2001 
 
 
2002 

J19 
J20 
J21 
J22 

F13, F14 
F13(n1), F14 
F13(n1), F14 
F13(n1), F14 

M11 
M11 
M11 
M11 

 

HB 
 
 

2000 
2002 
 

J23 
J24 
J25 

F15(n1), F16 
F15(n1), F16, F17 
F15(n1), F16, F17 

M12, M13 
M14, M15 
M14, M15 

 

HHH 
 

2002 
 

J26 
J27 

F18, F19(n1) 
F18, F19(n1) 

M16, M17
M16, M17  

JD 
 
 
 
 

2001 
 
 
 
2002 

J28 
J29 
J30 
J31 
J32 

F20(n1), F21 
F20(n1), F21 
F20(n1), F21 
F20, F21(n2 ) 
F20(n1), F21 

M18 
M18
M18 
M18 
M18 

 
 
 
 

KN 
 
 
 

2000 
 
2002 
 

J33 
J34 
J35 
J36 

F22(n1) 
F22(n1) 
F22(n1) 
F22(n1) 

M19 
M19 
M19
M19 
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LB 
 
 
 
 
 
 
 
 
 

2000 
 
 
2001 
 
 
 
2002 
 
 

J37 
J38 
J39 
J40 
J41 
J42 
J43 
J44 
J45 
J46 

F23, F24(n1) 
F23, F24(n1) 
F23, F24(n1) 
F23, F24(n1) 
F23, F24(n1) 
F23(n2), F24 
F23(n2), F24 
F23, F24(n1) 
F23(n2), F24 
F23(n2), F24 

M20 
M20 
M20 
M20
M20 
M20 
M20 
M20 
M20 
M20

 
 
 
 
 
 
 
 
 
 

PC 
 
 
 
 

2001 
 
2002 
 
 

J47 
J48 
J49 
J50 
J51 

F25(n1), F26, F27 
F25(n1), F26, F27 
F25(n1), F26, F27 
F25(n1), F26, F27 
F25(n1), F26, F27 

M21
M21 
M21
M21
M21

 

RR 
 
 

2000 
2001 
2002 

J52 
J53 
J54 

F5(n1), F28, F29 
F28(n1), F29 
F28(n1), F29 

M22 
M22
M22 

 

SD 
 
 
 
 
 
 

2001 
 
 
2002 
 
 
 

J55 
J56 
J57 
J58 
J59 
J60 
J61 

F30(n1), F31 
F30(n1), F31 
F30(n1), F31 
F30, F31(n1) 
F30, F31(n1) 
F30(n2), F31 
F30(n2), F31

M23 
M23 
M23 
M23 
M23 
M23 
M23 

 
 
M9 CT 
 
 
M3 BE 

SS 
 
 

2000 
2001 
2002 

J62 
J63 
J64 

F32(n1), F33 
F32(n1), F33 
F32(n1), F33 

M24 
M24 
M24 

 

SW 
 
 
 
 
 
 
 

2001 
 
 
 
 
2002 
 
 

J65 
J66 
J67 
J68 
J69 
J70 
J71 
J72 

F34(n1), F35, F36 
F34(n1), F35, F36 
F34, F35(n2), F36 
F34, F35(n2), F36 
F34, F35(n2), F36 
F34(n1), F35 
F34, F35(n2) 
F34, F35(n2) 

M25
M25 
M25 
M25 
M25 
M25 
M25
M25 

 
 
 
 
 
 
 
M26 LBG 

TR 
 

2001 
 

J73 
J74 

F37(n1), F38 
F37(n1), F38 

M27, M28 
M27, M28  

VE 
 
 

2000 
 
2002 

J75 
J76 
J77 

F39(n1), F40 
F39(n1), F40 
F39(n1) 

M29 
M29 
M29

 

WWF 
 

2001 
 

J78 
J79 

F41(n1), F42 
F41(n1), F42 

M30, M31 
M30, M31 

 
 

 



 51

3.4  Discussion  

 

3.4.1  Demographics of the white-backed magpie 

The social system of this population of white-backed magpies was extremely variable.  

Single pairs defended some territories and bred successfully, while other groups in the 

population contained multiple adults, employed plural breeding strategies and even 

appeared to breed cooperatively at times.  The major difference in the social structure of 

these white-backs when compared with western magpies is the number of birds that 

occupy a territory and the relative rate of dispersal of the young.  While these white-backed 

magpies live in groups averaging 3.3 adults, western magpies at Guildford live in groups 

averaging 4.9 adults (Hughes et al. 2003).  More than half the one-year old and an average 

of 43% of the two-year-old subadults of the white-backs disperse or disappear from the 

natal territory before the next breeding season commences (it should be noted that the 

parentage of two-year-old birds dispersing between 2000 and 2001 was not established as 

they had not been sampled in the year they fledged).  Many of these young birds probably 

joined a flock of non-territorial magpies that was observed within the study area.  In 

contrast, western magpies rarely disperse from the natal territory, and remain there until 

death or a breeding opportunity arises (Robinson 1956, Hughes et al. 2003).  Non-territorial 

flocks have not been reported for western magpies (Robinson 1956, Hughes et al. 2003). 

 

The EGP rate of 44% in the white-backed magpie population is high when compared to 

the average EPP rate (11%) calculated for all passerine species (Griffith et al. 2002).  

Despite the complexity of the social structure of the population, the extreme territoriality, 

and the fact that intra-specific intruders are severely punished, EGP’s are common.  

Hughes et al. (2003) suggested that magpies may engage in EGP-seeking behaviour in the 

pre-dawn hours, similar to the behaviour that was discovered after radio-tracking female 

superb fairy-wrens, Malurus cyaneus (Double and Cockburn 2000).  White-backed magpies 
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often warble in the early morning (approx. 3-4 am) near the start of the breeding season 

(pers. obs.), a distinctive soft sound that may have some role in mate attraction.  

Researchers investigating western magpies have heard similar calls (Hughes et al. 2003).  

Magpies may be able to enter territories undetected under the cover of darkness, or 

alternatively males and females may be able to leave their home territories unnoticed by 

their social mate in order to engage in extra-group copulations.  Robinson (1956) reported 

occasional male intruders entering western magpie territories after sunset, and staying there 

overnight. 

 

3.3.2  Comparison of EGP rates between white-backed and western magpies 

The large difference observed in the incidence of EGP between the two populations of 

magpies is interesting given their overall similarities in social organisation.  Both races live 

in multiple adult social groups and display extreme territoriality.  In a race with limited 

dispersal of young, a high level of relatedness may be expected within territories and 

perhaps a positive relationship between territory proximity and relatedness.  This however, 

was not the case.  Genetic data from western magpies showed that males and females 

within a territory were more closely related than males and females from different 

territories, but there was no relationship between the geographic proximity of males or 

females and their degree of relatedness (Hughes et al. 2003).  In white-backed magpies at 

Rowsley, the mean relatedness between males and females sharing a territory was also 

positive, while the mean value across all males and females in the population was negative.  

This suggests that some offspring remain in the natal territory after reaching adulthood. 

 

The inbreeding avoidance hypothesis predicts that females should seek EGP’s when her 

social mate is more genetically similar to her than an extra-group male.  Under this model, 

females seek EGP’s to enhance heterozygosity within their offspring and this appears to be 

a reasonable explanation for the observed levels of EGP in the western population.  In this 
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population, low levels of juvenile dispersal, coupled with extreme aggression towards intra-

specific intruders may increase the rate at which first or second order relatives breed with 

each other.  As described above, the population does not show excessively high levels of 

relatedness within territories.  Hughes et al. (2003) suggested that high levels of EGP’s in 

their population may be an inbreeding avoidance strategy, designed to avoid the negative 

effects of genetic similarity between the parents.  This has been suggested for other 

passerine species such as tree swallows Tachycineta bicolor (Kempenaers et al. 1999), and for 

group-living species such as the superb fairy-wren Malurus cyaneus (Cockburn et al. 2003), 

and splendid fairy-wren Malurus splendens (Brooker et al. 1990). 

 

The ‘good genes’ hypothesis can be discounted in the present study given the large 

difference in EGP rates between the populations.  Under the ‘good genes’ hypothesis, rates 

of EGP would be predicted to be the same or similar in both populations as females would 

seek to maximise their reproductive output by mating with high quality males from outside 

the pair bond.  No reasons exist to suggest that one population has a different distribution 

of high quality males than the other, or that in such closely related races, the characteristics 

of a high quality male would differ.  In the white-backed population, males that were never 

cuckolded were never detected as the males responsible for any EGP fledglings produced, 

which also contradicts the predictions of the ‘good genes’ hypothesis.  Likewise, the males 

that were detected as EGP fathers were males that were either cuckolded on their home 

territory, or never produced any territorial fledglings of their own.  One male was not even 

able to maintain a permanent territory from year to year.  These males do not fit the 

normal image of high quality males such as described for male yellow warblers (Dendroica 

petechia) (Yezerinac and Weatherhead 1997), or male red-winged blackbirds (Agelaius 

phoeniceus) (Weatherhead and Boag 1995) which both managed to gain EPP’s while also 

maintaining some paternity rights in their own territories.  For fairy-wrens (Malurus spp.) it 

has been suggested however, that extra-pair and within-pair paternity may not always be 
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correlated positively, as the presence of helpers may allow the dominant male in a group to 

leave parental duties and seek extra-group mating opportunities.  This also means he may 

lose paternity in his home territory to intruder males (Green et al. 1995).  In order to reject 

this hypothesis with confidence, I suggest further studies that investigate the relative quality 

and future reproductive success of EGP and non-EGP young should be undertaken.   

 

Sampling of offspring that are still in the nest would provide valuable information.  The 

current study relied on sampling only individuals that had fledged, which raises a potential 

bias in the sample if EGP young had a competitive advantage at the nestling stage.  

Unfortunately, nestlings could not be sampled in this study.  Such a project would require 

the use of a cherry-picker or some such heavy machinery to reach nests in tall trees (30 m 

+), permission to use it on farmland, and large teams of field assistants.  Even then, given 

the breeding ecology of Australian magpies, some nests would remain inaccessible (i.e.: 

nests built high in trees growing on boulder-strewn slopes – a not uncommon occurrence 

in the Rowsley population). 

 

If genetic compatibility could explain the results here, then this should lead to similar levels 

of EGP in both populations.  This clearly was not the case; however, it may still be a factor 

in that some females may engage in extra-pair copulations as a ‘bet-hedging’ strategy to 

avoid the negative effects as a result of intragenomic conflict.  In the absence of data on 

hatching failure and nestling survival, this hypothesis is difficult to test.  All Australian 

magpies nest high in very tall trees, and will defend the nest site vigorously, so collection of 

data on nestling survival is very difficult.  Given the importance of inbreeding avoidance 

and increased genetic diversity for at least one of its populations, genetic compatibility is 

unlikely to be the sole or even major explanation for the EGP phenomenon within this 

species. 
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Of the ecological explanations, Breeding Synchrony is not applicable here as both 

populations have highly asynchronous breeding seasons.  Magpies have not been observed 

to perform specific mate-attracting rituals, and all populations are highly aggressive to intra-

specific intruders.  In addition, one of the assumptions of the Breeding Synchrony 

hypothesis, that females are seeking good genes from their extra-pair mates, has already 

been largely discounted. 

 

The Breeding Density hypothesis predicted that high breeding density will increase the rate 

of EGP’s within a species (Westneat and Sherman 1997).  While breeding density was not 

measured specifically between the two populations, western magpies live in slightly larger 

groups and disperse less frequently than white-backed magpies, indicating possibly higher 

breeding density.  Breeding density is simply an ecological predictor of EGP rates however, 

not the ultimate explanation for the difference.  Dispersal rate appears to be a better 

indicator of EGP rates in these populations and is related to and indicative of the overall 

density of populations.  Lack of dispersal leading to the possibility of breeding with a 

genetically close relative offers a better explanation for EGP-seeking behaviour.  The 

extreme territoriality observed in this species also invalidate some of the assumptions of 

the Breeding Density hypothesis, including  mate guarding by males of females being a 

control on extra-pair behaviour, when magpies of both sexes are vigilant and aggressive 

towards intruders. 

 

3.4.3  Conclusions 

The best explanation for the significantly higher rates of extra-group paternity in the 

western magpie appears to be that females seek EGP’s to avoid the negative effects of 

inbreeding depression in their offspring.  This accounts for an incredibly high rate of EGP 

within this race.  However, white-backed magpies still have a relatively high rate of EGP 

themselves when compared with other passerines.  They have moderate rates of juvenile 
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dispersal, and dispersing young are able to enter a flock system.  Presumably, when a 

breeding opportunity appears in areas where white-backs occur, either a neighbouring 

territorial bird or one of these flock-living birds will fill it.  Gene flow will result from these 

local dispersal events and territorial movements.  Inbreeding, as a consequence, should not 

be as likely for white-backed magpies as it is for western magpies.  The positive mean 

relatedness values among territorial males and females indicate that at least some adult 

offspring may still be present in the natal territory.  Just as in the western magpies, some 

juveniles will remain on the natal site to await either death or a breeding opportunity.  

There is still a risk for white-backs, albeit much reduced, of breeding with close relatives 

and suffering the negative effects of inbreeding.  I suggest that this is probably why white-

backed magpies still engage in extra-group copulations regularly. 

 

This hypothesis can be tested further by examining evidence from the black-backed race of 

magpies (race tibicen).  Black-backed magpies occur on the eastern side of the continent and 

intergrade with white-backed magpies in central Victoria (Schodde and Mason 1999).  They 

live almost exclusively in pairs in a population from South-east Queensland (Hughes et al. 

1996), and before the start of each breeding season, violently harass the previous year’s 

offspring until they are forced to leave the natal territory (pers. obs., R. Kallioinen pers. 

com.).  Thus juvenile dispersal in this population is close to 100%.  If dispersal rate is a 

major predictor of EGP rate in this species, black-backed magpies from South-east 

Queensland would be expected to show a lower rate of EGP’s than western or white-

backed magpies. 

 

Evidence from another group-living species, the red-cockaded woodpecker (Picoides 

borealis), with very low levels of EGP (Haig et al. 1994), shows that high levels of female 

dispersal are associated with situations when related males remain in the natal territory 

(Daniels and Walters 2000).  Potential for dispersal appears related to the costs of 
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inbreeding.  Daniels and Walters (2000) suggest that red-cockaded woodpeckers practice 

some form of kin recognition, which is a poorly understood phenomenon.  Dispersal 

behaviour remains largely unknown for many species, because understanding it relies on 

long-term collection of data on marked populations.  Why Australian magpies display 

different rates of dispersal in different populations, and exactly how this affects other 

aspects of their life history traits, aside from influencing behavioural traits such as extra-

group copulations, remains to be examined.  Dispersal capability and actual dispersal rate 

however, are likely to have a much greater effect on avian behaviour and mating systems 

than was previously thought. 
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CHAPTER FOUR: ARE THERE CORRELATES OF 

MALE AUSTRALIAN MAGPIE REPRODUCTIVE 

SUCCESS IN A POPULATION WITH A HIGH RATE 

OF EXTRA-GROUP PATERNITY? 

 

4.1 Introduction 

 
In Chapter Three, I found that there was little support for the ‘good genes’ hypothesis as 

the major explanation of extra-group mating behaviour in my study population of 

Australian magpies.  Inbreeding avoidance appears to be the most likely explanation so far.  

However, high quality males with ‘good genes’ may be few in number in the white-backed 

magpie population, and females may seek them preferentially only when their territorial 

male is of very low quality.  In order to determine if females are seeking ‘good genes’, I 

took a different approach, and estimated the quality of the territorial males.  I measured 

several indicators of quality that have been found to be influential in female mate choice 

for other bird species under the ‘good genes’ hypothesis.  I then related male quality to the 

territorial male’s reproductive output and success in gaining paternity of offspring born in 

his territory, to test further the applicability of the ‘good genes’ hypothesis to mate choice 

in the Australian magpie. 

 

In many avian mating systems, mate choice is largely determined by the female partner 

whether mating occurs within the pair bond or with extra-pair males (Leonard and Picman 

1988, Mulder et al. 1994, Slagsvold and Drevon 1999, Double and Cockburn 2000).  

Females are believed to determine the quality of potential mates by assessing a variety of 

characteristics.  Traits that females may use to assess male quality fall into five broad 



 59

categories: 1) plumage characteristics such as structural colours (Doucet 2002), carotenoid 

colouration (Wolfenbarger 1999), ultraviolet badge size (Andersson et al. 1998) or ornament 

size (Hagelin and Ligon 2001);  2) behavioural aspects such as parenting ability (Ens et al. 

1992), or song repertoire (Doutrelant et al. 2000); 3) aspects of territorial ownership 

(Beletsky and Orians 1993), or quality (Goodburn 1991); 4) physical characteristics such as 

weight, body size (Garnett 1981), and condition (Lozano 1994); and 5) indicators of 

condition or health, particularly those influenced by parasite loads, mites (Harper 1999), 

lice (Kose et al. 1999), and haemoprotozoa (Sorci and Møller 1997). 

 

4.1.1  Male quality 

Evidence confirms that extra-group paternity (EGP) in the Australian magpie is high.  In a 

population of western magpies, 82% of fledglings born within a territory were not the 

genetic offspring of any male living within that territory (Hughes et al. 2003).  In a 

population of white-backed magpies, as shown in the previous chapter, the rate was 44%.  

One of the explanations commonly invoked to explain the EGP phenomenon is the ‘good 

genes’ hypothesis (Petrie and Kempenaers 1998).  This states that a female mates with a 

particular extra-group male in order to obtain high quality genes for her offspring.  If ‘good 

genes’ were important in female choice then males would have to reliably display their 

quality in order for females to assess them accurately.  Other explanations for EGP seeking 

behaviour include: inbreeding avoidance (Pusey and Wolf 1996); enhancement of genetic 

diversity (Blomqvist et al. 2002); or increasing genetic compatibility (Zeh and Zeh 1996).  

These alternative explanations do not however, require females to be able to assess and 

select high quality males in the population with which to mate.  

 

Not all indicators of relative male quality examined in other bird species apply to the 

assessment of male quality in Australian magpies, for example, plumage characteristics.  

Magpies of the race tyrannica are sexually dimorphic; the males have bright white backs 
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while females have pale grey backs (Simpson and Day 1999).  Once a male reaches 

maturity, at around three years of age, plumage characteristics appear relatively stable, and 

do not alter in pattern even though individuals undergo an annual moult, as observed in the 

closely related western magpie race dorsalis (Robinson 1956).  No specific nuptial plumage 

is produced before the breeding season as commonly occurs in some other passerines, e.g.: 

Malurus wrens (Mulder and Magrath 1994).  

 

Although age has been found to be a predictor of high male mating success, e.g.: older 

male black-headed grosbeaks (Pheucticus melanocephalus) (Hill 1998) had higher reproductive 

success than younger males, this could not be assessed for this population of magpies.  

This study was conducted in three years of the lives of very long-lived birds (up to 15 years 

(Carrick 1972)), and the males could not be aged with any accuracy. 

 

Parental care and aspects of territory ownership or quality were also not examined here.  

Both male and female magpies typically contribute to parental care.  The female builds the 

nest and incubates the nestlings by herself, but the male will feed the female on the nest 

and in partnership with the female he also feeds the young while they are still in the nest 

and after they fledge (Carrick 1972).  In populations with groups containing multiple adults 

(e.g.: white-backed magpies- tyrannica), helpers have been observed to feed both nestlings 

and fledglings (Hughes et al. 1996) which could confound any assessment of the relative 

importance of paternal care.  Territory ownership is thought to be extremely important for 

magpie reproductive success (Carrick 1963), and every male sampled in the current study 

was a territory resident.  In white-backed magpies, birds that are not territory owners 

commonly join a flock of magpies that have no permanent home range and must 

constantly move between feeding and roosting sites.  Flock birds do not attempt to breed 

(Carrick 1963).  However, there is a possibility that flock males may occasionally mate with 

territorial females and father extra-group young.  Maintenance of territorial ownership is 
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achieved by constant advertising of a territorial group’s presence.  This involves singing in 

the morning and during boundary disputes with neighbouring territories, and by physically 

chasing or fighting with intruding magpies (Farabaugh et al. 1992).  As physical fighting is 

important to a magpie’s ability to maintain a territory, large body size and relatively high 

body weights may therefore be crucial determinants of a male magpie’s fighting ability and 

hence reproductive success.  These are traits that can be measured with relative ease on 

captured birds. 

 

4.1.2  Parasite resistance and male quality 

Relative ability to resist parasites or the effects of parasite load may also be indicators of 

male quality, and female choice of parasite resistant males could be an important 

mechanism in sexual selection (Hamilton and Zuk 1982).  High feather louse (Philopterus 

picae) loads were found to affect negatively the condition of European magpies (Pica pica), 

particularly males (Blanco et al. 2001).  Barn swallows (Hirundo rustica) have tails that are 

typically marked with white spots, a habitat favoured by feather lice.  Kose et al. (1999) 

reported that males with long tails and large white spots had greater reproductive output 

and the tail spots showed less parasite damage than was expected, given their large surface 

area.  Males with high parasite resistance and hence relatively little parasite damage may 

reliably signal this fact to assessing females (Kose et al. 1999).  In general, low feather lice 

loads on passerines appear to be a signal of high male quality.  

 

Haemoprotozoans (blood parasites) generally reduce the fitness of their hosts.  Male pied 

flycatchers (Ficedula hypoleuca) infected with Trypanosoma arrived on average two days later at 

breeding grounds than did uninfected males, and tended to have shorter tails and wings 

(Rätti et al. 1993).  Rätti et al. (1993) estimated that the reproductive success of infected 

males vs. uninfected males was reduced by 20%.  In a study on the common blackbird 

(Turdus merula), the prevalence of four genera of haemoprotozoans was assessed (Hatchwell 
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et al. 2001).  There was a negative association between the presence of Leucocytozoon and 

wing length and body condition and between presence of Plasmodium and high bill colour in 

the male, a sexually dimorphic trait that is possibly under sexual selection (Hatchwell et al. 

2001). 

 

4.1.3  Genetic indicators of quality 

Individuals that are highly heterozygous across their genotype may have higher survival in 

variable environments (Petrie et al. 1998).  A measurement of heterozygosity in a sample of 

a male’s genotype may also indicate his overall genetic variability (Brown 1997).  

Individuals of low heterozygosity may be of inferior quality and produce offspring with a 

genotype unable to cope with unstable environmental conditions.  An individual may also 

possess low heterozygosity because of inbreeding (Pusey and Wolf 1996), or chance.  While 

females are unlikely to be able to assess the relative heterozygosity of a potential mate, it 

could influence male phenotype and produce subtle cues to which females have become 

attuned.  While these cues may not be obvious to researchers, relative heterozygosity can 

be estimated and related to male quality. 

 

4.1.4  Paternity and male quality 

Factors that indicate male quality may also indicate his relative ability to raise offspring to 

fledging age within a territory.  As a consequence these factors may also indicate the level 

of paternity that he achieves within his territory if females use these cues in mate selection.  

Under the ‘good genes’ hypothesis, male birds that achieve 100% paternity (i.e.: are never 

cuckolded) are expected to be of high quality, likewise, male birds that gain extra-group 

paternity are also expected to be of high quality.  
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4.1.5  Predicted indicators of male quality in the Australian magpie 

In order to examine correlations between relative male reproductive success in the white-

backed Australian magpie and potential quality indicators, I observed and sampled aspects 

of demography, morphometric characteristics, and parasite loads among 32 white-backed 

magpie territorial groups, over two breeding seasons (2001-2002).  Measurements taken 

included weight, body size indicators (beak and tarsus length), average heterozygosity, and 

estimates of ectoparasite and haemoprotozoan loads.  I also gathered information on 

territory membership and relative reproductive output, as well as estimates of levels of 

cuckoldry and extra-pair paternity.  If females seek ‘good genes’, males that produce many 

territorial fledglings, and who achieve a high level of paternity of fledglings are predicted to 

be physically large birds with low parasite levels and relatively high levels of heterozygosity.  

High quality birds would also be expected to have sired some of the extra-group fledglings 

detected in other territorial groups held by males of inferior quality.  The aims of this study 

therefore, were to assess factors which may influence male Australian magpie reproductive 

success, and to determine if they are correlated with female choice of within-group and 

extra-group mates. 
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4.2  Methods 

 

All adult birds trapped in 2001 (n = 36 males) and all adult male birds trapped in 2002 (n = 

31) were measured for a set of morphological characters and assessed for parasite load.  

The sample sizes of males differ between years because some individuals died or were lost 

and some males were not caught in the second year that had been sampled in the first.  

Some field methods used in this study are detailed in Chapter Two, Section 2.1.1  General 

Field Methods, which describes basic field techniques, and Section 2.1.2  Field 

Observations, which describes observational techniques.   

 

4.2.1  Field Methods for Measuring Bird Quality 

 

Captured birds were weighed to the nearest 10 g using a Pesola balance after being 

suspended in calico bags, and weight was calculated by subtracting bag weight.  Length of 

the beak and left tarsus were measured using dial calipers to the nearest mm.  Birds were 

assessed visually for feather lice on the nape and back.  The nape feathers were combed 

through layer by layer for two minutes and the back feathers for three minutes using 

fingers and long tweezers.  Feather lice are dark coloured against the pale feathers, and 

could be detected readily using this method.  Number of lice in each region was noted.  

Finally, a blood smear was produced from each bird on a glass microscope slide.  As in 

collecting blood samples, I clipped the claw of the bird above the quick and allowed a small 

drop of blood to fall on a clean slide.  Blood was then smeared thinly down the slide using 

a second glass slide held at 45o to the first, and the blood was pushed down the slide using 

capillary action to spread it evenly without destroying cells.  The blood smear was then air-

dried and slides packed in labelled airtight plastic bags.  Later, the slides were labelled and 

placed in a slide box, where they were stored until they could be transported to the lab for 

staining.  
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The intention had been to trap all birds at the beginning of the breeding season.  Owing to 

the nature of the trapping methods, it was not possible to catch all birds at the same point 

in the season, and trapping continued once per week throughout the 2001 breeding season.  

In the 2002 breeding season, after some analysis of the 2001 data, only males were re-

trapped.  From these males, only blood smears and feather lice loads were obtained, in 

addition to the standard observational data and paternity study on the fledglings 

undertaken that season. 

 

4.2.2  Laboratory Methods for Measuring Bird Quality 

 

 Laboratory methods for the paternity testing of territorial fledglings are as per Sections 

2.2.1  Sample Treatment and Section 2.2.2  Microsatellites.  

 

4.2.2.1  Staining of blood slides 
 
Blood smears were stained according to the instructions of R. Adlard, curator of the 

Queensland Museum’s Protozoa collection, and the Avian Haemoprotozoan collection 

(pers. com.).  Each slide was fixed with 100% methanol for 2-7 minutes, excess liquid was 

then removed, and each slide flooded with Giemsa’s stain (R66 improved solution, Gurr, 

diluted 1:10 with phosphate buffer at pH 7.2), and left to stain for 45 minutes.  Finally, 

each slide was washed with distilled H2O, blotted with filter paper and then air-dried. 

 

4.2.2.2  Assessment of blood slides 

 Slides were viewed under either a Nikon Alphaphot-2 YS2 or an Olympus CH20 

microscope under oil immersion at 1000 x magnification.  One thousand visual fields per 

slide were scanned, and any fields containing blood parasites recorded.  The three 

commonly found blood parasites were Haemoproteus sp. and Plasmodium sp., which use red 
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blood cells as hosts and Leucocytozoon sp., that invades white blood cells (R. Adlard, pers. 

com.).  The final assessment for each bird was a record of presence or absence of blood 

parasites.  Intensity of infection was not recorded for individual birds due to the extremely 

low levels of infection detected. 

 

 

4.2.3  Statistical Methods for Measuring Bird Quality 

 

Statistical methods for parentage analyses are presented in Chapter Two, Section 2.3  

Statistical Methods. 

 

4.2.3.1  Variables from the microsatellite data 

I used variables from the parentage study in the male quality study.  These are detailed in 

Table 4.1.  Assessments of average individual male bird heterozygosity were taken from the 

microsatellite data generated during the paternity study.  An assessment of heterozygosity  

(mean d2) was made by averaging the repeat unit distances between the two alleles of each 

of eight loci as per the methods of Otter et al. (2001).  This method provides an indication 

of how ‘outbred’ an individual is.  It should be noted that this method assumes a stepwise 

mutation model (SMM) of microsatellite evolution, i.e.: microsatellite alleles that are similar 

in size are assumed to be more closely related than two alleles that are many repeat units 

apart (Goldstein and Schlötterer 2001).  The single step mutation model has yet to be 

confirmed however, and some modelling data has rejected this model of microsatellite 

evolution (Nielsen and Palsbøll 1999).  Therefore, I estimated a second measure of 

heterozygosity (Hetero) by averaging the number of different individual alleles across all 

eight loci.  This method assumes that all alleles are related equally to each other as in the 

infinite alleles model (IAM) for microsatellite evolution (Goldstein and Schlötterer 2001). 
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Table 4.1:  Variables measured among the male white-backed magpie population and abbreviated titles used in statistical tests.  A few males were only 

measured in one of the two seasons, owing to mortality or disappearance between breeding seasons. 

Variable name Variable measured Years collected 

WEIGHT The weight of the male during the breeding season in grams. 2001 

TARSUS The length of the right tarsus to the nearest mm. 2001 

BEAK The length of the beak from between the nares on the dorsal surface to the tip. 2001 

LICE NAPE The number of feather lice on the nape (white part of the back of head). 2001 & 2002 

LICE BACK The number of feather lice on the white part of the back, to the base of the tail. 2001 & 2002 

LICE TOTAL The total of LICE NAPE and LICE BACK. 2001 & 2002 

BLOOD The presence or absence of any of three genera of haemoprotozoa. 2001 & 2002 

FEMALE The number of resident adult females within the territorial group. 2001 & 2002 

TERR CHICK The number of fledglings born within the territory, regardless of genetic paternity. 2001 & 2002 

SIRED The percentage of territorial fledglings that were the offspring of that male, assessed using 
microsatellites. 2001 & 2002 

EGP CHICK The number of fledglings sired outside the territorial group, assessed using microsatellites. 2001 & 2002 

MEAN d2 The average repeat unit distance between alleles of eight microsatellite loci. Constant across years

HETERO The average number of different alleles across eight microsatellite loci. Constant across years
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4.2.3.2  Basic statistics for male quality variables 

All tests were performed in SPSS version 11.5. Variables and their abbreviated names are 

explained in Table 4.1.  Shapiro-Wilk’s tests of normality were performed on the data for each 

variable.  Parametric tests were used wherever possible; otherwise, for non-normally 

distributed variables (the majority) nonparametric tests were used.  Univariate analyses 

involved one-tailed T-tests or Mann-Whitney U tests on the mean or median values of each 

variable measured between two groups of males (e.g.: Group 1 – males that had territorial 

fledglings, Group 0 – males that did not) for each breeding year and across both years.  The 

category ‘across both years/seasons’ included males that either produced territorial fledglings 

in both seasons or failed to produce territorial fledglings in both seasons, but not males that 

produced fledglings in one season and not in the other.  Pearson’s or Spearman’s r correlations 

were performed individually for the following variables: WEIGHT, TARSUS, BEAK, LICE 

TOTAL, FEMALE, TERR CHICK, EGP CHICK, MEAN d2 and HETERO against SIRED 

for those males whose groups produced fledglings for each year that data were collected and 

across both seasons.  Mann-Whitney U tests were used to test for an effect of BLOOD on 

SIRED, and BLOOD on TERR CHICK. 

 

4.2.3.3  Logistic regression for male quality variables 

Multivariate analyses were undertaken to assess relative male quality with reference to 

Tabachnick and Fidell (2001).  A logistic regression was employed to check if any variable had 

an effect on the probability of having offspring born within the territory (Group 1 vs. Group 

0) during each breeding season, and across both seasons.  Logistic regression was also used to 

detect which variables had an effect on the probability of gaining at least some paternity of 

each brood of fledglings produced by those males that had territorial fledglings (SOME vs. 
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ZERO) in each season, and averaged across both seasons.  The ‘across both seasons’ category 

included males that had full or partial paternity of their brood in both seasons or zero achieved 

paternity of their brood in both seasons.  These variables were placed into a model to test their 

predictive power of group membership (Group 1, Group 0), (SOME, ZERO) based upon 

their distributions between groups. 

 

The variable BEAK was found to be highly correlated with the variable TARSUS, and was 

consequently removed from the analyses, as tarsus length has been found to be a much better 

estimator of body size in other bird species (Miyazaki and Waas 2003).  Variables entered into 

each equation were: HETERO, MEAN d2, WEIGHT, TARSUS, LICE TOTAL, BLOOD, 

EGP CHICKS, and FEMALES for males producing or not producing territorial fledglings in 

2001 and averaged across both years, and HETERO, MEAN d2, LICE TOTAL, BLOOD, and 

FEMALES for males that produced or did not produce territorial fledglings in 2002.  EGP 

CHICKS were excluded from the analysis for 2002 males as no males were detected as the 

father of an extra-group fledgling and the value was a constant in that season.  Variables 

entered into each equation for males achieving some or zero paternity of a brood of fledglings 

were: HETERO, MEAN d2, WEIGHT, TARSUS, LICE TOTAL, BLOOD, FEMALES and 

TERR CHICK in 2001 (EGP CHICK was a constant for this group) and: HETERO, MEAN 

d2, LICE TOTAL, BLOOD, TERR CHICK, EGP CHICK and FEMALES for 2002 males.  

Sample sizes were too small for logistic regression analysis of level of paternity achieved 

averaged across both years. 
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4.3  Results 

 

4.3.1  Results of T and Mann-Whitney U tests 

The number of males that were detected as EGP fathers was too small for statistical analysis (n 

= 1).  T-tests and Mann-Whitney U tests of the means of each measured variable between the 

two groups of males (males that produced territorial fledglings and those that did not) 

produced mostly non-significant results at the α = 0.05 level for most of the variables 

examined (Table 4.2).  The number of lice found on males however was significantly higher in 

the group of males that did not produce territorial fledglings in 2001 and across both years.  

Also, the variable MEAN D2 was significantly higher among males that produced territorial 

fledglings in 2001, but the pattern was reversed in 2002, although the difference was not 

significant. 



 71

Table 4.2:   Quality variables for males that produced or did not produce fledglings within their territory.  Mean, standard error, and Mann-Whitney U or t- 
test results (one-tailed) for each variable measured between males that produced fledglings within their territory (Group 1) and males that did not produce 
fledglings (Group 0).  Results are presented for each season and for males that did or did not produce fledglings in both seasons.  Results in bold type are 
significant at the α = 0.05 level.  Test statistics that are underlined are parametric t-tests based on normally distributed data.  
 

2001 WEIGHT   TARSUS BEAK LICE 
TOTAL FEMALE EGP 

CHICK MEAN d2 HETERO 

Group 1 – Mean 
  (n = 17)    S.E. 

378.820 
5.550 

63.700 
0.445 

54.836 
0.543 

7.710 
2.270 

1.940 
0.130 

0.000 
0.000 

89.144 
12.258 

1.781 
0.033 

Group 0 – Mean 
  (n = 17)    S.E. 

369.710 
4.030 

64.083 
0.444 

54.723 
0.583 

18.410 
4.790 

1.650 
0.120 

0.060 
0.060 

65.516 
12.315 

1.730 
0.033 

Test statistic 
P value 

-1.284 
0.099 

0.610  
0.273 

-0.142  
0.444 

-1.402 
0.036 

-1.533 
0.063 

-1.000 
0.159 

-1.722 
0.043 

-1.043 
0.149 

2002 WEIGHT   TARSUS BEAK LICE 
TOTAL FEMALE EGP 

CHICK MEAN d2 HETERO 

Group 1 – Mean 
  (n = 19)    S.E. n/a   n/a n/a 10.530 

2.380 
1.790 
0.120 

0.050 
0.050 

66.830 
8.610 

1.746 
0.031 

Group 0 – Mean 
  (n = 12)    S.E. n/a   n/a n/a 21.920 

7.510 
1.830 
0.170 

0.080 
0.080 

82.093 
20.748 

1.752 
0.035 

Test statistic 
P value n/a   n/a n/a -0.691 

0.245 
-0.198 
0.422 

-0.333 
0.370 

-0.324 
0.373 

-0.382 
0.352 

Both years WEIGHT   TARSUS BEAK LICE 
TOTAL FEMALE EGP 

CHICK MEAN d2 HETERO 

Group 1 – Mean 
  (n = 11)    S.E. 

375.450 
6.920 

63.468 
0.626 

54.775 
0.715 

6.773 
1.610 

1.910 
0.160 

0.090 
0.090 

68.162 
10.861 

1.775 
0.047 

Group 0 – Mean 
  (n = 9)      S.E. 

366.110 
5.260 

64.373 
0.696 

54.432 
0.950 

23.556 
6.734 

1.940 
0.130 

0.110 
0.110 

70.803 
21.209 

1.751 
0.055 

Test statistic 
P value 

-1.035  
0.157 

0.967  
0.173 

-0.294  
0.386 

-1.940 
0.026 

-0.350 
0.363 

-0.146 
0.442 

-0.646 
0.259 

-0.324
0.375 
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4.3.2  Correlations 

Correlations between measured variables and SIRED also produced mostly non-significant 

results (Table 4.3), with three exceptions.  SIRED against FEMALE was significantly 

positively correlated for males that produced territorial fledglings in both seasons, SIRED 

against TERR CHICKS was significantly positively correlated for males that produced 

territorial fledglings in the 2002 breeding season, and SIRED against HETERO was 

significantly positively correlated for males that produced territorial fledglings in both 

seasons.  This result implies that males that had higher numbers of females in their group 

were more likely to gain increased paternity of their broods and males that produced more 

fledglings within their territorial group were more likely to be the genetic father of a larger 

proportion of them.  It also suggests that males with more heterozygous loci were more 

likely to sire a higher proportion of fledglings across both seasons. 

 

The distribution of the proportion of males infected with one or more forms of 

haemoprotozoans (BLOOD) was as follows: 2001 breeding season, 17.6% of males that 

produced territorial fledglings were infected compared with 23.5% of infected males that 

did not produce territorial fledglings; 2002 breeding season, 15.8% of males that produced 

territorial fledglings were infected compared with 0% of infected males that did not 

produce territorial fledglings; across both years, 18.2% of males that produced territorial 

fledglings in both years were infected compared with 22.2% of males that failed to produce 

any territorial fledglings in both years.  None of the Mann-Whitney U tests for an effect of 

presence or absence of Haemoprotozoa on territorial fledgling production or the level of 

paternity gained were significant at the α = 0.05 level in either year or across both years. 



 73

Table 4.3: Correlations between measured variables and the percentage of fledglings sired by a male within a territory (SIRED) for groups that produced 

territorial fledglings.  One-tailed significance values are beneath the r-values in brackets.  Values that are underlined were calculated using Pearson’s r 

correlation as they were from variables that were normally distributed, otherwise Spearman’s r correlation was used.  Significant correlations are indicated in 

bold type. 

YEAR    WEIGHT TARSUS BEAK LICE 
TOTAL FEMALE TERR 

CHICK 
EGP 

CHICK MEAN d2 HETERO 

2001 
(n = 17) 

0.215 
(0.203) 

-0.305  
(0.117) 

-0.014  
(0.479) 

-0.171 
(0.256) 

0.125 
(0.316) 

-0.261 
(0.156) Constant -0.341 

(0.090) 
0.229 

(0.188) 

2002 
(n = 19) n/a   n/a n/a -0.050 

(0.419) 
0.170 

(0.243) 
0.492 

(0.016) 
-0.193 
(0.214) 

-0.012 
(0.481) 

0.283 
(0.120) 

Both 
(n = 11) 

-0.244  
(0.235) 

-0.114  
(0.370) 

0.087  
(0.399) 

-0.449 
(0.083) 

0.528 
(0.047) 

0.508 
(0.055) 

-0.455 
(0.080) 

0.285 
(0.198) 

0.576  
(0.032) 
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4.3.3  Results of logistic regression 

Logistic regression failed to produce any significant models that could predict group 

membership at the α = 0.05 level for any of the categories of males examined.  However, for 

males that did or did not produce territorial fledglings (Group 1 vs. Group 0), LICE TOTAL 

was significant in the final model when tested against a constant-only model at the α = 0.10 

level in 2001 (p= 0.076).  The parameter estimates produced from the model indicate that for 

2001 (Parameter estimate for LICE TOTAL 2001 = -0.052), males that had high feather lice 

loads tended to be less likely to have fledglings produced within their territory.  The model 

predicted overall group membership correctly on 61.8% of occasions for 2001.  The logistic 

regression returned a significant model for level of paternity achieved (SOME vs. ZERO) at 

the α = 0.10 level in the 2002 season (p = 0.08).  The parameter estimates produced from the 

model suggest that for 2002 (Parameter estimate for TERR CHICK 2002 = 1.144), there was a 

tendency for males that produced a larger number of territorial fledglings to be more likely to 

gain some or complete paternity of them.  The model predicted overall group membership 

correctly on 68.4% of occasions.
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4.4  Discussion 

 

4.4.1  Do female Australian magpies choose ‘good genes’? 

The general lack of correlation between the measured variables and male reproductive success 

is contrary to predictions of the ‘good genes’ hypothesis.  From this evidence, females do not 

appear to be choosing males to mate with based on classical indicators of male quality (e.g.: 

weight, body size, or heterozygosity).  Whether a male produced territorial young in a season 

was not related to his weight, body size, number of extra-group young or most measures of 

heterozygosity assessed here.  It should be noted that although there was a significant 

difference in mean d2 between Group 1 and Group 0 in 2001, the direction of this difference 

was reversed in the following season, and was essentially the same in the category ‘across both 

years’.  The level of paternity that a male achieved among his brood was not correlated with 

weight, body size, parasite load, the numbers of extra-group chicks produced, or either 

heterozygosity estimates.  However, some variables were correlated with male reproductive 

output and success. 

 

4.4.2  Explanations for correlated variables 

The number of lice found on a male was significantly correlated with his territorial fledgling 

output for 2001 and across both breeding seasons. Males that had high feather lice loads may 

be less likely to produce fledglings, but this was not accompanied by a lower likelihood of 

gaining genetic paternity of any fledglings produced.  Ectoparasites are common on sedentary 

cooperatively breeding species (eg: Australian magpies), possibly because of increased contact 

with conspecifics, and at certain times of the year, 100% of a population may be infected 

(Poiani 1992).  Behavioural responses (preening) to ectoparasitism are paramount in 

controlling ectoparasite numbers, rather than immune responses, as is the case with 
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endoparasites (Tripet et al. 2002).  Males that have high levels of ectoparasites may not be 

preening effectively or they may not have the time to allocate to proper grooming each day.  

This could be due to their attention being diverted to maintaining territorial space and 

resources.  Male osprey (Pandion haliaetus) that are subjected to frequent territorial intrusions 

often change their activity patterns, and spend more time within their territory and less time 

foraging for their mate (Mougeot et al. 2002).  Territorial male magpies that are of low quality 

would be expected to be the subject of territorial intrusions much more frequently than high 

quality males.  Such low quality males may also either be mated to low quality females who 

regularly fail in their nesting attempts, or females that attempt to breed but who are disrupted 

by the higher rate of intrusions and any breeding attempt fails.  Magpies participate in defence 

of their territory from intruders as a group (Farabaugh et al. 1992), and so time spent away 

from the nest by the incubating female could lead to egg-cooling and increased embryo 

mortality.  High ectoparasite loads can also change activity budgets in ways that are detrimental 

to the individual.  Female great tits (Parus major) infested with fleas spent more time on nest 

sanitation and less time sleeping (Christe et al. 1996).  If sleep fulfils a restorative function in 

birds, breeding adults that spend more time on grooming and sanitation and less on sleep may 

suffer adverse health effects.  This could result in poor reproductive performance.  Also, males 

with high ectoparasite loads may provide less parental care to nestlings because of the change 

in activity budgets.  This could lead to higher nestling mortality.  There could indeed be a 

relationship between annual fledgling output and ectoparasite loads in male white-backed 

magpies, but more extensive sampling would be required to determine this. 

 

The observed correlation between high microsatellite heterozygosity and an increased 

proportion of young sired within territories (by males that produced fledglings in both 

seasons), may result from females preferentially choosing to mate with the territorial male 
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according to the predictions of the ‘good-genes-as-heterozygosity’ hypothesis (Brown 1997, 

Weatherhead et al. 1999).  Although the correlations were not significant within the individual 

breeding seasons, both were positive.  Females may choose highly heterozygous males using 

cues that are currently unknown but possibly may be related to olfaction (Zelano and Edwards 

2002).  Highly heterozygous males are believed to be of high quality (reviewed in Brown 1997); 

however, they also simply may possess a different genotype to the female’s.  Females may 

choose these males in order to pass on a highly variable genotype to their offspring that may 

aid them in survival (Brown 1997).  Although heterozygosity itself cannot be inherited, more 

offspring will be heterozygous at most of their alleles if females choose highly heterozygous 

males.  Good genes effects may not be operating here as females could also be seeking 

genetically dissimilar males under the inbreeding avoidance hypothesis.  There may be a 

relationship here that could potentially be uncovered by more extensive sampling; including 

other populations.   

 

4.4.3  Territorial quality and territorial inheritance 

The relationship between the proportion of young sired and the number of females in the 

group possibly has more to do with the territory quality rather than the intrinsic quality of the 

male.  Females may mate preferentially with a male that owns a high quality territory to ensure 

continued access to the territorial resources.  High numbers of females within an individual 

territory suggests that resources are of sufficient quality to sustain a larger group of birds.  

Likewise, the correlation between increased numbers of territorial fledglings and an increase in 

the proportion of them being sired by the incumbent male is possibly due to females mating 

preferentially with the territory-owning male in order to access the territorial resources.  Higher 

numbers of fledglings can be raised successfully only when there is plentiful food and other 

resources available.  Territory quality and male quality are not always correlated as group-living 
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birds in a saturated habitat may inherit their natal territory by failing to disperse (Koenig et al. 

1992).  Inheritance is one way of successfully gaining a breeding territory in magpies (Carrick 

1963), and a high quality territory is much more likely to be able to sustain a larger number of 

birds (including delayed dispersers) than will a poor quality territory.  Therefore, an inherited 

territory is much more likely to be of high quality as it is the only sort of territory that can 

sustain the potential inheritors as well as the breeders and their offspring.  Once established in 

a territory, the principle of ‘the owner always wins’ appears to apply in most conflicts, as adult 

territorial birds are rarely ousted by intruders (Carrick 1963).  Therefore, even a poor quality 

territorial male is unlikely to be evicted by higher quality intruder males, so high male quality 

and territory ownership are not necessarily linked. 

 

4.4.4  Are the lack of correlations genuine? 

The fact that very few highly significant associations were detected in the analysis outlined 

above may be explained in two ways.   First, it is possible that none of the variables measured 

strongly influenced male reproductive success, or second, high levels of variation in the data 

and small sample sizes of male birds means that the chances of finding strong correlations 

were low.  The sample sizes in each category of male are small, and the power of the individual 

tests may indeed be low.  The sample sizes examined here (n = 9- 19) fall however, within the 

range of sample sizes used in similar studies of other species that have reported positive 

associations.  Kose et al. (1999) related sexual selection to a feather characteristic in 15-18 male 

barn swallows (Hirundo rustica) per treatment.  In a study on two species of quail (Callipepla 

gambelii and C. squamata), positive correlations were found between some physical and plumage 

characters and female choice using 20 males of each species (Hagelin 2002).  A study of the 

European magpie (Pica pica) found male quality was responsible for 70% of a pair’s 

reproductive success in a season and only sampled 5-22 males per territory category 
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(Goodburn 1991).  Female blue tits (Parus caeruleus) were found to mate assortatively related to 

ultra-violet radiance of the male crown patch, using a sample size of 18 pairs (Andersson et al. 

1998). 

 

4.4.5  The potential influence of other variables 

As none of the variables measured here appear to influence male reproductive success, other 

variables not examined may be having a greater influence.  Males that achieve territorial 

ownership probably are of higher quality compared with non-territorial flock birds (Carrick 

1972).  Flock-living magpies weigh less on average than territorial birds, and have a higher 

mortality rate (Carrick 1972).  Flock sizes vary from 20 to 100+ magpies of all age classes and 

both sexes and hold no permanent home range and constantly move from place to place 

foraging and avoiding territorial magpies (Carrick 1963).  A flock of between 20 and 70 

individuals, including many adult males, was sighted adjacent to the study area in both 

sampling years.  Thus a quality distinction between males which held a territory and males that 

did not operated within and around the general study locality.  It may be that territory owners 

are all of uniform quality, and flock-living birds represent the ‘poor quality’ males in the 

population, which were not sampled as part of this study. 

 

Age also may be an important factor affecting ownership of high quality territories and/or the 

ability to produce offspring.  Age was a factor that affected territory quality in male black-

headed grosbeaks (Pheucticus melanocephalus)  (Hill 1988).  Male grosbeaks over the age of three 

years defended territories of higher quality and had higher reproductive success than younger 

males.  This explanation however, is less likely for magpies as they are sedentary, once they 

gain a territorial position; they typically remain there for life (Carrick’s ‘permanent groups’ see: 

Carrick 1963).  Unlike grosbeaks, they do not upgrade their territories as a matter of habit as 
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they get older.  Therefore, age and territory quality are unlikely to be strongly correlated in this 

species.  Older males may be better, more experienced parents so that proportionally more of 

their young survive to fledging age and females may choose to mate with their social mate to 

ensure his paternal care of their young.  In the current study however, male magpies that 

provisioned fledglings at higher rates compared with other group members did not sire 

significantly more territorial young than did males that provisioned less (see Chapter Five).  

Adult magpies are impossible to age accurately, apart from recognising that birds in full adult 

plumage are over three years of age.  Magpies with sub-adult plumage are never territory 

owners, nor were sub-adult males ever found to be the genetic father of a territorial fledgling.  

As banding of this population began in 2000, ages of territorial males were unknown.  A 

similar study conducted on a population of magpies that has banding data recorded over more 

than one generation would be ideal, but as magpies can live for 15 years or more in the wild 

(Carrick 1972), it would require a long-term effort to collect these data. 

 

4.4.6  Female selection of mates based on other criteria 

If females do not choose males based on quality indicators, then other factors unrelated to 

intrinsic quality must drive mate selection, particularly extra-group mate selection.  The 

Rowsley magpie population is characterised by relatively high rates of extra-group paternity 

(EGP).  Because some offspring commonly remain in the natal territory until adulthood and 

beyond, there is some chance of breeding with close relatives within a territorial group.  

Therefore, female magpies that seek extra-group mates may be avoiding the potentially 

negative effects of inbreeding that could result if they mated with males from within their own 

territory.  The results of this study provide support for the inbreeding avoidance hypothesis 

that has been used to explain the extremely high rate of EGP’s in the Australian magpie 

elsewhere (this study – Chapter Three, Hughes et al. 2003). 
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The frequency of extra-group paternity generally in this species may explain the lack of a 

strong correlation between reproductive output, paternity and classic indicators of male quality.  

Females may also seek EGP’s because they are genetically incompatible with their social mate.  

The combination of one or a few alleles at critical gene loci between a mated pair can in some 

instances lead to increased embryonic mortality (Zeh and Zeh 1996, 1997).  Females may select 

mates from outside their territorial group as a ‘bet-hedging’ strategy because they are likely to 

have a set of unrelated alleles, even when extra-group males are not necessarily of higher 

quality than her social mate.  Similarly, if a female is mating outside her social group in order to 

ensure higher genetic diversity in her clutch, the male she selects does not need to be the 

highest quality male in the area; he just needs to be genetically different to the males available 

to her within her territory.  This pattern has been demonstrated in Ethiopian wolves (Canis 

simensis).  Where female wolves that mated outside their own pack they chose males regardless 

of pack status, but only mated with alpha-males within the pack.  This suggests that females 

were mating with more than one male to avoid inbreeding, or to promote diversity between 

litter-mates (Sillero-Zubiri et al. 1996). 

 

4.4.7  Conclusions 

The general lack of correlations between male reproductive success and most of the variables 

measured in this study could have resulted from the small sample sizes of males examined.  

This seems unlikely given the published positive results on other species that used similar 

sample sizes.  The trends here for high numbers of feather lice being associated with low 

reproductive success, and for high heterozygosity correlating with high within-territory 

paternity, in particular need further investigation..  The ‘good genes’ hypothesis can be rejected 

here however, due to the lack of strong correlations between the level of paternity achieved by 
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males of territorial fledglings and most of the variables measured in this study.  The inbreeding 

avoidance hypothesis, first proposed in Chapter Three, is further supported here, as female 

selection appears to favour extra-group mates for a reason other than ‘good genes’ in this 

population of Australian magpies.  Female magpies possibly seek extra-group copulations as an 

inbreeding avoidance strategy, but this does not preclude other reasons not related to intrinsic 

male quality.  Females do not choose necessarily high-quality males, but may select extra-group 

males that are genetically different to their social mate.  The signals that influence female 

choice in this matter are unclear, but they appear to be unrelated to the classic indicators of 

high quality in males that have been discovered in other bird species.  
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CHAPTER FIVE: PATERNAL AND ALLOPARENTAL 

EFFORT IN THE WHITE-BACKED AND WESTERN 

AUSTRALIAN MAGPIE 

 

5.1 Introduction 

 

In the previous chapters, I have explored influences on the female’s decision whether to mate 

within or outside the social territorial group in a population of white-backed Australian 

magpies.  In investigating EGP rates, I made comparisons with the results of Hughes et al. 

(2003) concerning a population of western magpies.  In this chapter I continue the 

comparative approach by using feeding data collected for both the white-backed and western 

populations to answer questions relating to the possible costs or consequences of extra-group 

behaviour for breeding males and for the auxiliary birds that may help raise young in both 

populations.  For breeding males, this will test Møller and Birkhead’s (1993) hypothesis that 

males should not feed unrelated offspring in their territories.  Also, this study will test whether 

‘kin selection’ or direct benefits are most important to potential helpers, as well as if there is 

any application for the ‘payment of rent’ hypothesis in these groups. 

 

5.1.1  EGP’s and male effort 

Extra-pair or extra-group copulations can have a considerable impact on the social behaviour 

of a species.  This can include male parenting decisions.  Males that have reduced paternity of a 

brood as a result of extra-pair copulations are hypothesised to reduce their paternal care as a 

consequence (Møller and Birkhead 1993).  Males may provision young less or not at all if they 
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have been cuckolded.  For species requiring extensive parental care of their young, this can 

have profound consequences.  A negative correlation has been found between species with 

high extra-pair paternity and the amount of paternal care provided (Møller and Thornhill 

1998).  In order to maximise fitness, in theory a male should only provision his genetic 

offspring, provided he can accurately assess his level of paternity.  In group-living species, 

males may also have the opportunity to provision less if reduced paternal care is supplemented 

by alloparental care from helpers. 

 

5.1.2  EGP’s and helper effort 

For cooperatively breeding species, extra-group copulations can not only affect male parenting 

effort but may also affect the decision of auxiliary birds to assist the breeding pair.  Helpers 

may help for several reasons, and extra-group copulations may impact upon a helper’s decision 

to help to varying degrees depending on relative benefits to the auxiliary bird. 

 

5.1.3  Benefits of philopatry 

A major benefit for helpers may simply be the opportunity to remain on an established 

territory (Brown 1987).  This may afford them higher survivorship, benefits of group living 

and the potential to inherit the territory, expand it and bud-off a new territory, or make 

alliances with potential breeding partners (reviewed in: Emlen 1991).  In order to remain at the 

natal site, it has been suggested that helpers must pay ‘rent’ in the form of alloparental care to 

the resident breeders (Gaston 1978).  Extra-group copulations are unlikely to have a strong 

effect on the rate of helping by auxiliary birds if their main reward is simply being allowed to 

remain at the natal site. 
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5.1.4  Kin selection 

Helpers may improve their net genetic output, and hence their inclusive fitness, by assisting in 

the production of closely related non-descendent offspring (Emlen and Wrege 1988).  Kin 

selection occurs when helpers selectively feed those young to which they are most related 

(Hamilton 1964).  The often-cited evidence from Komdeur (1994), in which helper Seychelles 

warblers (Acrocephalus sechellenis) fed full-sibs more than half-sibs (identified by social 

relationships) was not supported with a concurrent molecular analysis.  Bird species that breed 

where territories are closely packed have opportunities for extra-group copulations that may 

result in relatedness being very different from perceived social relatedness.  Thus helping social 

relatives that are in reality unrelated becomes maladaptive if helping is a costly exercise.  The 

costs of helping can include lowered survival, reduced future fecundity, and immediate 

energetic costs (Heinsohn and Legge 1999). 

 

5.1.5  Practice at parenting 

Finally, helpers may gain essential practice at parenting.  They may need to acquire 

provisioning skills before they themselves can breed successfully (Brown 1987).  Younger birds 

may choose to do this at the natal site rather than risk reproductive failure when first they 

achieve their own breeding territory.  This is another benefit of helping that is unlikely to be 

affected by the incidence of EGPs. 

 

5.1.6  The Australian magpie and helping 

Races of the Australian magpie differ in social organisation, behaviour, mating systems and 

plumage patterns (Hughes et al. 1996).  As reported in Chapter Three, white-backed Australian 

magpies (Gymnorhina tibicen tyrannica, sensu Schodde and Mason 1999) live in multiple adult 

groups averaging around three birds per territory, and not all young disperse from the natal 
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territory.  It is likely that many young remain in their parent’s territory until adulthood.  

Helping behaviour has not been recorded in this race before, although it has been noted in 

closely related races (Hughes et al. 1996, Finn and Hughes 2001).  Australian magpies are 

permanently territorial, and birds that fail to find a territorial vacancy in some races may join a 

non-territorial flock of floaters (Carrick 1963).  Extra-group paternity (EGP) has been detected 

in a population of the white-backed race with 38% (using exclusionary methods, see Chapter 

Two, Section 2.3.1.2) of fledglings the result of EGP (Chapter Three).  A second race of 

Australian magpie, the western magpie (G. t. dorsalis) lives in much larger groups of up to 15 

birds and no flock system has been observed (Robinson 1956).  An extra-group paternity rate 

of 82% was reported in a population of this race at Guildford (Hughes et al. 2003).  Juveniles 

of this race commonly remain at the natal territory for life, and helping behaviour is 

widespread (Robinson 1956). 

 

The aims of this study were to estimate male parental effort, and to record impacts of EGPs 

on parental effort of cuckolded males in two populations of Australian magpie.  It was 

predicted that higher incidence of EGPs would lead to a reduction in male parental care 

between populations.  It was also predicted that males that had been cuckolded would 

provision young less than males that had not been cuckolded within a population.  Detection 

of direct evidence for helping behaviour was a priority and also to observe the effects of 

EGP’s on helper behaviour.  From these data, I addressed the question as to why magpie 

helpers help in the light of current major hypotheses. 
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5.2  Methods 

 

5.2.1  Field Methods 

 

A population of magpies of the western race (G. t. dorsalis) has been studied at Guildford on 

the Swan River, north-east of Perth, Western Australia (31o54’OS, 115 o59’OE) by Ian Rowley, 

Eleanor Russell, Jane Hughes, and Peter Mather.  Field methods were largely the same for 

both the white-backed and western populations (refer to Chapter Two, Sections 2.1 – Field 

Methods).  For the western magpies, the occupants of 12 territories, and all offspring produced 

between 1996 and 1998, were trapped.  Fledglings were not captured until some months after 

they left the nest in this population (see: Hughes et al. 2003).  Feeding data was obtained from 

observations conducted during the 1996 breeding season only, and is presented here for the 

first time.  For both populations, all territorial residents were sampled.  If a group member 

remained uncaught at the end of the field season, the entire group was excluded from all 

analyses. 

 

5.2.1.1  Feeding data collection 

A large amount of field-time was devoted per territory in the approximately three months 

post-fledging.  For example, during the 2001 field season, between early October and late 

December each territory was watched between 1 (where fledglings died shortly after leaving 

the nest) and 11 times, with an average of 7 x 20 minute observation periods per group for a 

total of 2.5 hours of field time per group.   For the white-backed population, during the 2000 

breeding season, because more field-time was devoted to trapping, the data gathered specified 

individual feeds (delivery of a food item) given to a particular nestling or fledgling.  For the 
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other two seasons (2001 and 2002), and for the western population, each observation indicates 

a bird fed young at least once during a watch but not the number of times the young bird was 

fed by that individual.  Helping behaviour was defined as any feeds given to young by birds 

that were not the genetic parents of that young.  The proportional data that is presented is 

individual input averaged over the total input of the group members under consideration.  For 

example: group SW contained one male and two females.  They produced five fledglings 

during the 2001 breeding season.  They were observed between 4/10/2001 and 18/12/2001, 

for a total of nine x 20 minute observation periods.  The three members were collectively 

observed to feed on 20 occasions (once per bird per observation period).  The male fed 

fledglings on eight of the nine observation periods, therefore the male feeding input 

proportional to the total feeding effort is 8/20 or 0.4.  The nesting female fed fledglings on 

eight of the nine observation periods, therefore the male feeding input proportional to the 

nesting female was 8/16 or 0.5.  These figures were averaged for each group that produced 

chicks and presented separately for each breeding season (as some groups bred each season, 

and some groups only bred in one).  See Chapter Two, section 2.1.2.3 – Feeding watches, for 

details on the observation of feeding behaviour. 

 

5.2.2  Laboratory Methods 

 

Refer to Chapter Two, Section 2.2.1 – Sample treatment, to Section 2.2.3 – Genetic sexing of 

juvenile magpies, inclusive, for descriptions of laboratory techniques used to perform 

parentage analysis based on microsatellite data and determine the sex of sub-adult birds. 
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5.2.3  Statistical Methods 

 

5.2.3.1  Parentage assignment 

For this study, parentage was assigned in both populations using the exclusionary method (see 

Chapter Two, Section 2.3.1 – Parentage Assignment and Section 2.3.1.2 – Parentage 

assignment using exclusionary methods) and CERVUS 2.0 (Marshall et al. 1998).  CERVUS 

was used to determine which birds had the fewest allelic mismatches between fledgling and 

adult genotypes.  Fledglings were screened first against the territorial females, then against the 

sampled population’s females if no group female matched, and then against the territorial 

males.  If no males matched, the fledgling and maternal genotypes were screened against the 

sampled male population (for full details see: Hughes et al. 2003). 

 

5.2.3.2  Relatedness of helpers and those helped 

From the microsatellite data, relatedness values were calculated based on allele frequencies for 

entire territorial groups and between individuals (e.g.: between helpers and fledglings they 

helped and between helpers and the nesting females they helped) using RELATEDNESS 5.0.8 

(Queller and Goodnight 1989).   

 

 

5.2.3.3  Basic statistics 

All other statistics were performed in SPSS 11.5.  Variables were tested for normality using a 

Shapiro-Wilks test and nonparametric tests were used whenever normality was not indicated.  

To test for differences between feeding rates of white-backed and western males proportional 

to the nesting female, a one-way Kruskall-Wallis test was employed to compare between the 
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feeding rates of the white-backed males in each of the three years, then these were pooled, and 

tested against the western males’ feeding rate using a Mann-Whitney U test. 
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5.3  Results 

 

5.3.1  Demography and male effort 

While western magpies have more birds and more adults per group than white-backs, they 

produced a similar number of fledglings per group despite potentially more helpers being 

available (Table 5.1).  Although the average rate of EGP is significantly different between the 

two populations (Chapter Three), the year-to-year rates vary greatly and overlap.  In the white-

backed magpie population, males provided approximately only a third of the total feeds given 

by the group to each fledgling (including any helper feeding efforts).  Males also usually 

provided only a third of the feeds proportional to the nesting female.  Similar rates were found 

in the western magpie population (see Table 5.1).   The results of the Kruskall-Wallis test 

indicated that feeding rates of males proportional to that of the nesting female did not 

significantly differ between years in the white-backed population (χ2 = 2.648, df = 2, p = 

0.27).  The results of the Mann-Whitney U test indicated there was no significant difference 

between the two populations in the feeding rates of males proportional to the nesting female 

(Z = -0.037, p = 0.97). 
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Table 5.1:  Demographic and feeding data from territories that produced fledglings.  Means and 
standard errors of the means for each of the variables measured for the males from territories 
producing fledglings in each of three seasons for the white-backed population (W-b), and for one 
season for the western population (West). 
 

Variable 

W-b 
Breeding 

season 2000  
(n = 10) 

W-b 
Breeding 

season 2001  
(n = 18) 

W-b 
Breeding 

season 2002  
(n = 19) 

West 
Breeding 

season 1996 
(n = 8) 

Number of birds in 
territory 

4.10  
(0.38) 

3.39 
(0.20) 

3.68 
(0.24) 

6.00 
(0.76) 

Number of adults in 
territory 

3.00 
 (0.15) 

3.06 
(0.10) 

3.16 
(0.14) 

4.88 
(0.64) 

Number of territorial 
fledglings produced 
during the season 

1.50 
(0.22) 

1.80 
(0.22) 

1.74 
(0.17) 

1.50 
(0.19) 

Number of observed 
fledgling feeds 

8.50 
(1.60) 

10.89 
(1.29) 

15.42 
(1.61) 

10.75 
(2.76) 

Male feeds proportional 
to total feeds 

0.34 
(0.08) 

0.31 
(0.07) 

0.32 
(0.04) 

0.22 
(0.04) 

Male feeds proportional 
to nesting female - 
nestlings 

0.50 
(0.12) n/a n/a 0.22 

(0.07) 

Male feeds proportional 
to nesting female - 
fledglings 

 
0.22 

(0.08) 
 

0.36 
(0.07) 

 
0.37 

(0.04) 
 

0.33 
(0.06) 

Male feeds proportional 
to auxiliary feeds - 
fledglings (nesting 
female excluded) 

0.58 
(0.17) 

0.63 
(0.10) 

0.69 
(0.08) 

0.50 
(0.12) 

Proportion of territorial 
fledglings sired 

0.60 
(0.15) 

 
0.53 

(0.11) 
 

0.31 
(0.09) 

0.33 
(0.14) 
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On average, a male parent’s input in both populations was greater than that of any auxiliary 

magpies (non-breeding members of the territorial group, including adults and juveniles).  Males 

provided 50% to almost 70% of feeds proportional to these individuals.  Males sired an 

average of between 0.31 and 0.60 of the fledglings in their territories in a given year.  There 

was no consistent correlation between feeding effort by the male and the proportion of 

fledglings he sired in either population (see Table 5.2).  As observed in the previous chapter, 

there was a significant positive correlation between the number of fledglings produced and the 

proportion sired by the male for the 2002 breeding season among white-backed magpies, but 

not in the preceding two seasons or for the western population.  No reduced feeding effort by 

the male was evident when correlated to the number of adults in the territorial group in either 

population (Table 5.2). 
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Table 5.2:  Spearman’s rho correlations of male parental effort on aspects of territorial group 
composition or proportion of offspring sired.  All tests are one-tailed.  Significant correlations are in 
bold type.  The white-backed population (W-b) was observed over three seasons, western population 
(West) over one season. 

 

Correlation 
W-b 

Breeding season 
2000 

W-b 
Breeding season 

2001 

W-b 
Breeding season 

2002 

West 
Breeding season 

1996 

Male feeds 
proportional to total 

feeds vs. sired 

r = 0.241 
Sig = 0.252 

n = 10 

r = -0.163 
Sig. = 0.259 

n = 18 

r = -0.106 
Sig. = 0.334 

n = 19 

r = 0.000 
Sig. = 0.500 

n = 8 

Male feeding effort 
proportional to female 

– nestlings vs. sired 

r = -0.189 
Sig = 0.300 

n = 10 
n/a n/a 

r = -0.309 
Sig. = 0.276 

n = 6 

Male feeding effort 
proportional to female 
– fledglings vs. sired 

r = -0.234 
Sig. = 0.273 

n = 9 

r = -0.235 
Sig. = 0.174 

n = 18 

r = -0.171 
Sig. = 0.242 

n = 19 

r = 0.424 
Sig. = 0.148 

n = 8 

Number of territorial 
fledglings vs. sired 

r = -0.128 
Sig. = 0.363 

n = 10 

r = -0.100 
Sig. = 0.347 

n = 18 

r = 0.563 
Sig. = 0.006 

n = 19 

r = -0.236 
Sig. = 0.287 

n = 8 

Male feeds 
proportional to 

auxiliary feeds vs. sired 

r = 0.069 
Sig. = 0.442 

n = 7 

r = 0.099 
Sig. = 0.368 

n = 14 

r = -0.113 
Sig. = 0.328 

n = 18 

r = -0.388 
Sig. = 0.171 

n = 8 

Male feeds 
proportional to 

auxiliary feeds vs. 
number of birds 

r = 0.535 
Sig. = 0.108 

n = 7 

r = -0.389 
Sig. = 0.085 

n = 14 

r = -0.102 
Sig. = 0.343 

n = 18 

r = 0.117 
Sig. = 0.391 

n = 8 

Male feeds 
proportional to 

auxiliary feeds vs. 
number of adults 

r = 0.535 
Sig. = 0.108 

n = 7 

r = 0.056 
Sig. = 0.424 

n = 14 

r = -0.365 
Sig. = 0.068 

n = 18 

r = 0.212 
Sig. = 0.308 

n = 8 
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5.3.2  Results for helpers 

Helpers were not present in all territories in the white-backed population.  Around 50% of 

territories that produced fledglings during the breeding season had at least one helper present 

(see Table 5.3).  Territorial helpers were most likely to be adult females (Fig. 5.1), and only one 

sub-adult male was observed engaging in helping behaviour.  Helpers delivered on average, 

between 0.22 and 0.33 of all feeds to fledglings (Table 5.4) and showed positive mean 

relatedness values with the nesting female and the fledglings they fed.  There was, however, no 

strong correlation between the proportion of feeds delivered to fledglings and the relatedness 

values between helpers and the nesting female or helpers and the fledglings fed, except for the 

white-backed population in 2000, but the direction of correlation was reversed in the following 

year (Table 5.5).  In the one year that feeding data was collected for nestlings in the white-

backed population, there was a significant positive correlation between the proportion of feeds 

delivered to nestlings and the relatedness between the helper and the resulting fledglings (Table 

5.5).   

 

Among the western population, 88% of the groups had helpers, and adults of both sexes 

engaged in helping behaviour (Fig. 5.1).  While helpers had relatively high relatedness values 

with the nesting female and the fledglings helped (above 0.2, see Table 5.4), no correlation was 

observed between relatedness and helper feeding effort (Table 5.5).  The relatedness values 

were different between helpers and those helped between the two populations.  Most western 

magpie helpers appear to be half-sibs to those helped (R = 0.21), in contrast, white-backed 

magpie helpers are much less closely related to juveniles they assist (see Table 5.4). 
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Table 5.3:  The proportion of breeding territories with helpers, white-backed population only.  The 
western population of magpies had one or more helpers observed in 88% of the breeding territories (n 
= 8) during the 1996 season. 
 

Category 
Breeding season 

2000 
(n = 9) 

Breeding season 
2001 

(n = 14) 

Breeding season 
2002 

(n = 14) 

Proportion of 
territories with one 
or more helpers 

0.56 
(n = 5) 

0.64 
(n = 9) 

0.50 
(n = 7) 

Proportion of 
territories with two 
helpers 

0.22 
(n = 2) 0 0.07 

(n = 1) 

 

 

 

 

 

 

 

 

 

 

 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

Adult female
helpers

Sub-adult female
helpers

Adult male helpers Sub-adult male
helpers

Sex unknown

Category of helper

Pr
op

or
tio

n 2000
2001
2002
1996n=2 

n=6 
n=5 

n=2 

n=1 

n=2 

n=1 

n=3

n=1 

n=6 

n=4 
n=4 

Fig. 5.1:  The types of helpers present in the territorial groups.  Groups included are those that 
produced fledglings in each of the three breeding seasons for the white-backed population and for one 
breeding season for the western population (1996).  ‘Sub-adult’ refers to magpies that were less than 
approximately three years of age and were sexed using genetic techniques.  ‘Sex unknown’ refers to the 
immature helpers of the western population which have not been genetically sexed. 
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Table 5.4:  Feeding and relatedness data for helpers in both populations.  Mean and standard error of variables measured for auxiliary birds that were observed 
helping to feed young in each of three breeding seasons for the white-backed population (W-b) and for one breeding season for the western population (West). 
 

Variable W-b breeding season 
2000 (n = 7 groups) 

W-b breeding season 
2001 (n = 8 groups) 

W-b breeding season 
2002 (n = 8 groups) 

West breeding season 
1996 (n = 7 groups) 

Total number of observed feeds 12.00 
(1.54) 

12.25 
(1.92) 

18.00 
(2.93) 

29.71 
(6.53) 

Number of feeds given by helper 2.43 
(0.37) 

2.87 
(0.67) 

4.13 
(1.13) 

2.06 
(0.54) 

Proportion of feeds given by 
helper to nestlings 
(Proportional to breeding pair) 

0.11 
(0.07) n/a  n/a 0.07 

(0.04) 

Proportion of feeds given by 
helper to fledglings 
(Proportional to breeding pair) 

0.22 
(0.06) 

0.33 
(0.07) 

0.32 
(0.05) 

0.26 
(0.06) 

Relatedness to nesting female 0.1072 
(0.08) 

0.1658 
(0.07) 

0.0984 
(0.08) 

0.2196 
(0.06) 

Average relatedness to fledglings 0.1111 
(0.07) 

0.1690 
(0.06) 

0.0395 
(0.04) 

0.2114 
(0.04) 
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Table 5.5:  Spearman’s rho correlations of helper effort and relatedness to the individuals benefiting 
from that help.  One–tailed significant correlations are in bold type.  Results are for three seasons for 
the white-backed population (W-b), and one season for the western population (West). 
 

 

Variable 

W-b  
breeding 

season 2000 (n 
= 7) 

W-b 
breeding 

season 2001 (n 
= 8) 

W-b  
breeding 

season 2002 (n 
= 8) 

West breeding 
season 1996 

(n = 7) 

Proportion of feeds to 
nestling vs. relatedness to 
nesting female 

r = 0.090 
Sig. = 0.424 n/a n/a r = 0.259 

Sig. = 0.167 

Proportion of feeds to 
nestling vs. average 
relatedness to fledglings 

r = 0.757 
Sig. = 0.025 n/a n/a r = -0.073 

Sig. = 0.394 

Proportion of feeds to 
fledgling vs. relatedness to 
nesting female 

r = 0.685 
Sig. = 0.045 

r = -0.133 
Sig. = 0.377 

r = 0.335 
Sig. = 0.209 

r = -0.013 
Sig. = 0.481 

Proportion of feeds to 
fledgling vs. average 
relatedness to fledglings 

r = -0.071 
Sig. = 0.440 

r = 0.289 
Sig. = 0.244 

r = -0.048 
Sig. = 0.455 

r = 0.062 
Sig. = 0.410 

 

 

Tests for the average relatedness within territories between helpers and their fledglings and 

non-helpers and their fledglings showed no difference in mean relatedness values between 

these two groups for any of the breeding seasons examined for the white-backed population 

(Table 5.6).  This indicates that helpers were not more related to the young they helped than 

were territory members that did not help at all. 
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Table 5.6:  Comparison of relatedness between helpers and non-helpers to fledglings in the white-
backed population.  T-test results for the mean relatedness (R) between territorial helpers and their 
group’s fledglings and territorial non-helpers and their group’s fledglings for the three breeding seasons 
for the white-backed population of magpies. 
 

Statistic Breeding season 
2000 

Breeding season 
2001 

Breeding season 
2002 

Mean R to fledglings: 
 -helpers 
 -non-helpers 

 
0.198 
0.354 

 
0.117 
0.045 

 
0.073 
0.165 

t- statistic -1.472 1.054 -1.679 

d.f. 23 35 38 

Sig. (1-tailed) 0.078 0.150 0.051 

 
 

 

There was virtually no difference observed between selected aspects of territories that had 

helpers and those that did not in the white-backed population (Table 5.7).  Territories with 

helpers did not possess more individuals, or more nesting females and did not produce more 

fledglings per breeding season than did territories that did not have helpers.  In the 2001 

breeding season, territories that had helpers had significantly higher mean relatedness values 

than territories that did not have helpers, but this was not the case in the other two seasons 

(Table 5.7). 
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Table 5.7: Comparison of demography and relatedness data between helper and non-helper territories.  Mean and standard errors of means for variables 
measured between territories with one or more helpers present and territories with no helpers for the white-backed population.  Mann-Whitney U test 
results are presented for testing the differences between the means, all tests were one-tailed exact.  Results are for each of the three breeding seasons.  
Significant results at the α = 0.05 level are in bold type. 

 Breeding season 2000 Breeding season 2001 Breeding season 2002 

Variable 
Helper 

territories 
(n = 5) 

Non-
helper 

territories 
(n = 5) 

Mann-
Whitney U 
(p value) 

Helper 
territories 

(n = 8) 

Non-
helper 

territories 
(n = 6) 

Mann-
Whitney U 
(p value) 

Helper 
territories 

(n = 7) 

Non-
helper 

territories 
(n = 7) 

Mann-
Whitney U 
(p value) 

Total birds 4.40 
(0.60) 

4.00 
(0.58) 

8.00 
(0.365) 

3.75 
(0.41) 

3.17 
(0.17) 

18.00 
(0.246) 

3.71 
(0.36) 

3.29 
(0.47) 

17.00 
(0.192) 

Total adults 2.80 
(0.20) 

3.25 
(0.20) 

6.00 
(0.207) 

3.00 
(0.19) 

3.17 
(0.17) 

20.50 
(0.331) 

3.29 
(0.18) 

2.71 
(0.18) 

12.50 
(0.064) 

Number of nesting females 1.20 
(0.20) 

1 
(constant) 

8.00 
(0.365) 

1.13 
(0.13) 

1.33 
(0.21) 

19.00 
(0.287) 

1.14 
(0.14) 

1.14 
(0.14) 

24.50 
(0.500) 

Number of territorial 
fledglings 

1.80 
(0.37) 

1 
(constant) 

4.00 
(0.095) 

2.38 
(0.53) 

2.17 
(0.48) 

23.00 
(0.475) 

2.29 
(0.42) 

1.43 
(0.30) 

13.00 
(0.083) 

Average relatedness 
territorial birds 

0.223 
(0.072) 

0.121 
(0.118) 

11.00 
(0.278) 

0.154 
(0.046) 

-0.052 
(0.021) 

3.00 
(0.003) 

0.050 
(0.057) 

0.068 
(0.050) 

21.00 
(0.355) 

Average relatedness  
territorial adults 

0.100 
(0.053) 

0.015 
(0.103) 

5.00 
(0.143) 

0.099 
(0.041) 

-0.056 
(0.020) 

4.00 
(0.004) 

0.042 
(0.058) 

0.031 
(0.044) 

23.00 
(0.451) 
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5.4  Discussion 

 

5.4.1  Are Australian magpies cooperative breeders? 

There has been an ongoing debate as to whether Australian magpies are true cooperative 

breeders.  Early studies concluded that some races engage in cooperative breeding (Robinson 

1956, Gaston 1978).   Later studies however, found no or insufficient evidence of helping 

behaviour in group-living Australian magpies (Veltman 1989), but recent studies have found 

evidence of helping behaviour in the black-backed race and a population in the hybrid zone 

between the black and white-backed races (Hughes et al. 1996).  A recent study of the same 

population of hybrid magpies found more evidence of helping behaviour and suggested that 

the helpers did not discriminate amongst the fledglings they fed in terms of their degree of 

relatedness (Finn and Hughes 2001).  These results however, were based on very preliminary 

genetic evidence and no estimate was made of genetic parentage of the fledglings studied.  The 

current study has found conclusive evidence that helping behaviour occurs in two additional 

races of the Australian magpie, including one that had not previously been studied, the white-

backed race (G. t. tyrannica). 

 

5.4.2  EGP does not influence male paternal effort 

Contrary to predictions, the amount of care provided by male parents was not lower in the 

population with higher EGP levels.  Both study populations were characterised by high rates 

of EGP, where 38% of all fledglings produced were not the genetic offspring of male group 

members in the white-backed population (Chapter Three) and 82% in the western population 

(Hughes et al. 2003).  Levels of paternal care (in the form of observed feeding of young) were 

equivalent in the two populations, despite the large difference in EGP rates.  The proportion 

of feeds provided by territorial males was not correlated with the percentage of the brood sired 
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by the male.  This may suggest that either males had no knowledge of actual paternity, or they 

had imperfect knowledge and consequently provisioned all fledglings equally.  The genetic cost 

of letting offspring starve may be greater therefore than the energetic costs of provisioning 

unrelated young.  Alternatively, males may be feeding young because they are ‘hard-wired’ to 

feed any gaping mouth in their territory (Jamieson 1989).  Males may be hormonally primed at 

this stage of the breeding season to feed any young bird, regardless of actual paternity.   

 

Males in territories that produced fledglings fed their young at a third of the rate that nesting 

females did, which were almost always the genetic mother of fledglings that came from their 

nests (Chapter Three, Hughes et al. 2003). Unpublished feeding rates for males and females of 

fledglings for a population of the black-backed race of magpies are known, although there is 

no conclusive parentage study undertaken on this population (Hedstrom 2000).  Males fed 

fledglings at an average rate of 0.39 (S.E. = 0.05, averaged over four years) proportional to the 

nesting female in this pair-living population.  Thus males and females do not provision 

fledglings equally in at least three disjunct populations of the Australian magpie, and males 

always provision at a lower rate than do females.  This could be due to a variety of reasons.  

Males may provision less than females because they are less certain about their parentage, they 

may spend more time on other essential activities such as territorial defence, or simply because 

they are not as efficient at provisioning young as are nesting females. 

 

5.4.3  EGP does not influence helper effort 

Similar to the results of Finn and Hughes (2001), helpers (birds feeding young that were not 

their genetic offspring) in our populations were not more likely to help young if they were 

related to them.  Helpers did not provision young at higher rates if they were more closely 

related.  Generally however, average relatedness was more positive between helper and nesting 
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female and helper and fledglings helped.  In the white-backed population relatedness values 

were low, whilst in the western population, values were higher.  No difference was observed in 

the mean relatedness values of territory members that did or did not help and the fledglings 

within that territory in the white-backed population.  Taken together, this indicates that helping 

behaviour is not restricted to kin.  For magpies, kin relationships may be very difficult to 

determine given the levels of extra-group mating activity observed in these populations.  

Feeding of young regardless of strength of relatedness has been recorded in other 

cooperatively breeding bird species e.g. Arabian babblers (Turdoides squamiceps) (Wright et al. 

1999).  Arabian babblers were considered to have insufficient information available to them in 

order to direct their feeding efforts preferentially to closely related kin.  In a study that also 

examined extra-pair paternity (EPP), Conrad et al. (1998a) reported that while EPP were 

infrequent in the Bell Miner (Manorina melanophrys), helpers still cared for unrelated young in 

their territories. 

 

Jamieson’s (1989) hypothesis regarding the instinctual feeding of young may apply here too, 

but the evidence is not strong.  Some potential helpers in both populations were not observed 

to feed young at all.   If feeding of young is ‘hard-wired’ in these birds, one would expect that 

every auxiliary would help feed nestlings and fledglings regardless of genetic relationship. 

 

5.4.4  Do helpers help? 

No difference was found in the mean numbers of fledglings produced in territorial groups that 

had and those groups that did not have observed helpers in the white-backed magpie 

population.  In parallel, the western population did not produce more fledglings per season 

than did white-backed magpies despite larger group sizes and thereby potentially increased 

numbers of available helpers (this study, Hughes et al. 2003). One of the main theoretical 
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benefits for having helpers is the increased production of offspring for the breeding pair 

(Emlen 1995).  Other studies have reported a strong correlation between helper numbers and 

productivity (reviewed in: Cockburn 1998).  Legge (2000) reported however, that male helpers 

had no effect on nest success and female helpers produced a negative effect in laughing 

kookaburras (Dacelo novaeguineae).  The kookaburra study also raised the issue of the potentially 

confounding effects of territory quality and the optimisation of group size.  For the white-

backed population of magpies, there were approximately equal numbers of territories with and 

without helpers, and all territories were of sufficient quality to raise young to fledging age. 

There were also no significant differences in the average group size or the number of nesting 

females between territories with and without helpers.  This distribution of the two types of 

territories (with or without helpers) somewhat mitigates the problem of the potential for 

confounding effects where territory quality or optimal group size varies. 

 

5.4.5  Why do helpers help in these populations? 

Among the various suggestions offered to explain helping behaviour (for a review see: 

Cockburn 1998) by sub-adult and adult offspring of the breeding pair, ‘payment of rent’ may 

be applicable for the magpie populations examined here.  Auxiliary birds probably need to 

contribute something to the breeding pair in return for being allowed to reside in the territory 

(Emlen 1982b).  In this case, they could help feed fledglings, although not all auxiliary group 

members did so.  Magpies require a territory in order to breed successfully (Carrick 1963).  

Young magpies that do not gain a breeding position have two choices, 1) join a non-territorial 

flock of magpies or 2) remain in the natal territory.  Magpies that reside in flocks had lower 

body weights and higher mortality than did territorial birds in a black-backed population 

(Carrick 1972).  Remaining in the natal territory if allowed to do so, may therefore be a better 

survival option.  Auxiliaries that do not provision fledglings may pay their ‘dues’ in other ways, 
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such as participating in territorial defence as part of the group.  Group territorial defence has 

been recorded in other magpie populations (Farabaugh et al. 1992).  As the maintenance of 

territorial space is vital to magpie reproductive success, groups spend a lot of time fighting to 

defend borders.  Fighting is a high-risk activity, and as group sizes increase, individual input 

decreases, and hence so does individual risk of being injured or killed (Farabaugh et al. 1992).  

Thus, auxiliaries that participate in defence represent a major asset to the breeding pair. 

 

While helpers may obtain a genetic benefit from assisting in the production of nondescendent 

kin, the high rate of EGPs in these populations means that is unlikely to be the main reward 

for helping.  Among the western population however, relatedness values between the helpers 

and nesting females and fledglings were fairly high (above 0.2), adding further support for a 

low juvenile dispersal rate reported for this race by Hughes et al. (2003) and Robinson (1956).  

Helpers in this population may be gaining indirect fitness benefits which may explain why 

helping behaviour occurred more frequently in western groups than in the white-backed 

population.  Although, as was the case with the white-backed population, there was no 

correlation between relatedness and helper effort.  This may be because western magpies make 

decisions based on social relationships rather than genetic ones. 

 

 Essentially, individuals may be more likely to direct their help towards individuals that fed 

them as a juvenile and gain indirect fitness benefits from helping their mothers raise their half 

siblings.  Unlike the Seychelles warbler, which only provisioned highly related young 

(Komdeur 1994); magpies will also provision unrelated young.  Seychelles warblers also 

became helpers at the nests belonging to birds that fed them when they were a nestling more 

often than for related breeders who had not fed them (Komdeur 1994).  Just as magpies will 

provision unrelated young, it is possible that they will assist at the nests of breeders who did 



 106

not provision them while young.  The situation for magpies is complicated by their extreme 

territoriality and the level of intraspecific aggression in this species.  If a young magpie is 

rejected from the natal site, it cannot simply join another territory, and its chances of survival 

in the flock or during a long distance dispersal appear much less than survival within a 

territory.  Being tolerated in a territory appears to be more vital for individual survival than is 

kin selection or indirect fitness benefits. 

 

Another potential benefit for helpers is direct access to reproduction.  Many of the adult 

female helpers (the most common type of helper in the white-backed population) may be 

reciprocating help they have received from other adult females, either in the past or present 

breeding season.  Along with the benefits of being in a territory, there may be a future 

opportunity to expand the territory if an individual remains on the natal territory and helps, 

and a young magpie may gain a breeding site in such a manner.  In the white-backed 

population one case was observed of territorial expansion and subsequent budding-off of a 

new territory.  A territorial group was comprised of an adult male, a sub-adult male that 

reached maturity during the course of the study, and two females.  The sub-adult male was 

never observed to help provision fledglings, but this bird did participate fully in territorial 

defence.  Relatedness values indicated that he was probably the son of the older male.  In 2002 

this young male established a small territory adjacent to the natal one with an unbanded 

female.  This instance, while anecdotal, indicates that it is possible for philopatric young to 

create new territories for themselves in the white-backed population through a territory 

‘budding’ process. 

 

Young helpers may also help in order to practice their parenting skills.  There is no evidence 

available that suggests helpers go on to become more skilled parents than non-helpers, but it 
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should be noted that magpies provision their young for an extended period of time after they 

fledge.  Adults may feed their fledglings for up to three or four months after young leave the 

nest (this study, Brown and Veltman 1987).  Such extended parental care may be a skill that 

requires practice.  For example, young primiparous Seychelles warblers with previous helping 

experience had significantly higher reproductive performance than primiparous warblers with 

no prior helping experience (Komdeur 1996). 

 

In the white-backed population, where territories are saturated and a non-territorial floater 

flock exists, the ‘payment of rent’ hypothesis seems to offer the best explanation for helping 

behaviour.  In the western magpie population, helping behaviour was more common.  For the 

western magpie population, where no flocks exist, juveniles do not have this dispersal option, 

so groups are largely made up of non-dispersing offspring and their parents.  In this 

population, payment of rent and being allowed to remain in the natal territory may be even 

more important for long-term individual survival.  A lack of juvenile dispersal however, means 

that some helpers in the western population will also gain higher indirect fitness benefits from 

helping their mother raise their half siblings compared with the white-backed population. 

 

Since there are no flocks, the only possible alternative for a western magpie if they are rejected 

from their natal site is a dangerous long-distance dispersal.  Helping is a strategy that may make 

a philopatric subordinate’s presence acceptable to the breeding pair.  Alloparental care may not 

be the only form of ‘rent’ that is acceptable, and non-helping auxiliaries may pay rent by 

participating in group territorial defence against conspecifics.  The relative costs of such 

different types of helping behaviour should always be taken into account when examining the 

benefits of helping to the breeders and the auxiliaries. 
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A possible future direction for this research may be to investigate the relative energetic costs of 

the various types of helper contributions (e.g. feeding and fighting vs. fighting alone).   The 

survival and future reproductive success of individuals could also be compared with those 

birds that dispersed into non-territorial flocks in the white-backed population.  These types of 

data could shed light on which is the most beneficial strategy for an individual auxiliary bird to 

pursue. 

 

5.4.6  Conclusions 

The results of this study do not support Møller and Birkhead’s (1993) assertion that males 

should exclusively provision related young.  Males in both populations of magpies fed young 

regardless of paternity.  The negative association between high levels of EGP and paternal care 

(Møller and Thornhill 1998) was also not detected between the populations.  There were 

equivalent levels of provisioning in both populations, even though the rate of EGP was 

significantly different between them.  Jamieson’s (1989) hypothesis regarding instinctual 

feeding of young could not be rejected for breeding males; however, the evidence for this 

hypothesis among helpers was poor as many auxiliaries declined to feed young in both 

populations.  The ‘payment of rent’ hypothesis (Emlen 1982b) appears to offer the best 

explanation for helper behaviour, and the forms of help that are acceptable may be of varying 

value to the breeders.  Kin selection or indirect benefits (Hamilton 1964) are available, 

particularly in the western population of magpies, but for both populations, direct benefits of 

philopatry (Stacey and Ligon 1987, 1991) appear to be the major reward for helping behaviour. 
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CHAPTER SIX: GENERAL DISCUSSION 

 

6.1  A Phylogenetic Perspective of EGP Rates  

  

The Australian magpie has very high rates of extra-group mating compared to all other 

passerine species examined to date (Chapter Three, Griffith et al. 2002).  In the preceding 

chapters, explanations for the observed high rates in two populations have been put forward, 

based on the current major evolutionary hypotheses (Kempenaers et al. 1996, Zeh and Zeh 

1996, 1997, Sheldon et al. 1997, Petrie et al. 1998, Johnsen et al. 2000).  Inbreeding avoidance 

appears to be the most parsimonious hypothesis for explaining the high rate of EGP in the 

Australian magpie (Chapters Three and Four).  Two different approaches for examining mate 

choice in magpies: comparisons with another population (Chapter Three); and attributes of 

males that were selected by females (Chapter Four), produced results that suggest that 

inbreeding avoidance is the best explanation for the high rate of EGP observed in the white-

backed population.   

 

The approach adopted in many other studies has been to treat a high rate of EGP or EPP as 

an aberrant feature of a species’ mating system, and to try to explain why the rates are higher 

than those observed in other species of birds (mostly Northern Hemisphere species e.g.: 

Lifjeld et al. 1991, Kempenaers et al. 1992, Wagner et al. 1996, Conrad et al. 1998b, Currie et al. 

1998, Dickinson and Akre 1998, Griffith et al. 1999, Birkhead et al. 2001, Benson 2002, 

Blomqvist et al. 2002).  An alternative approach for examining EGP rates, based on recent 

phylogenetic data (Barker et al. 2002, Ericson et al. 2002), may be more appropriate when 

dealing with taxa that evolved and are exclusively found in the Australo-Papuan region.  Where 
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groups have evolved and were isolated on the Australian continent, then it is likely that they 

have had a very different evolutionary history from groups that radiated in the rest of the 

world. 

 

An Australian origin for the evolution, diversification and subsequent dispersal of the oscine 

passerines has recently been postulated (Barker et al. 2002, Ericson et al. 2002).  The oscine 

passerines include the Corvida group, which contains the Artamini (of which the Australian 

magpie is a member).  Sibley and Ahlquist (1985) classified this tribe as an ‘old endemic’ of the 

Australo-Papuan region.  Cockburn (2003) used the new phylogeny for oscine passerines as the 

basis of his assertion that cooperative breeding is an ancestral trait among the six old 

Australian groups.  He proposed that these groups were affected by ‘phylogenetic inertia’ and 

retained the ancestral trait of cooperative breeding as the main breeding system.  Earlier, 

Cockburn (1996) maintained that the evolution of complex social (and mating) systems among 

birds depended, among other factors, upon phylogenetically constrained aspects of life history.  

Phylogenetic constraints or inertia have become a theme for possible explanations for the 

vagaries of mating systems (Ligon 1993).  For example, long lifespan is a major trait that is 

affected by phylogeny, and long lifespan may contribute to the necessity for ‘queuing’ for 

territories and the evolution of cooperative breeding (Koenig et al. 1992).   The hypothesised 

retention of a behavioural trait such as cooperative breeding could potentially happen with 

other behavioural traits, such as a propensity towards extra-group mating activity.  

 

The Artamid tribe, which includes Australian magpies, currawongs (Strepera spp.), butcherbirds 

(Cracticus spp.), and woodswallows (Artamus spp.), is a member of the Corvida group of oscine 

passerines (Barker et al. 2002).  Most members of the higher taxonomic groups of Corvida are 

restricted to the Australo-Papuan region (Barker et al. 2002) and cooperative breeding is 
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common, although no more common than in those Corvida member groups that radiated out 

to the rest of the world (Cockburn 1996).  The Corvida are believed to have diverged on the 

Australian continent 34 Myr ago (Ericson et al. 2002).  Among the Artamini, at least one taxon, 

the Australian magpie, has high levels of EGP in more than one population, and evidence 

suggests that above-average EGP rates may be present in another Artamid, the pied 

butcherbird (Cracticus nigrogularis) (Robinson 1994).  In a single population of pied butcherbirds, 

DNA fingerprinting revealed EGP at a rate of 28% (Robinson 1994).  This figure must be 

treated with some caution; however, as not all group members were sampled in some 

territories.  Little information is available on EGP rates for other members of the Artamini. 

 

A possible relationship could exist between the ancestral trait of cooperative breeding and 

historically high rates of EGP’s.  A hypothesis for a potential relationship between cooperative 

breeding and high rates of EGP may be summarised as follows.  The retention of a small 

group of offspring is advantageous to parents, but can lead to conflicts of interest that generate 

diverse evolutionary outcomes (Cockburn 1996).  In the case of the Australian magpie 

populations examined in this study, the conflict of interest present in the family groups 

includes the potential for inbreeding, and the evolutionary outcome is represented by high 

EGP rates.  The ancestral state of a cooperatively breeding social system could possibly be 

related to the high incidence of EGP observed in some bird taxa, for example, Australian 

magpies (this study, Hughes et al. 2003) and Malurus wrens (Brooker et al. 1990, Double and 

Cockburn 2000).  However, cooperative breeding without any, or very little, extra-group 

mating activity has also been observed, notably in the Florida scrub-jay (Aphelocoma coerulescens) 

(Quinn et al. 1999), the bicolored wren (Campylorhynchus griseus) (Haydock et al. 1996) and the 

red-cockaded woodpecker (Picoides borealis) (Haig et al. 1994).  The coincidence of cooperative 

breeding and high rates of EGP however, has been noted in a congener to the Florida scrub-
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jay, the Mexican jay (Aphelocoma ultramarina) (Li and Brown 2000).  All these species are from 

regions that are on the opposite side of Wallace’s line, outside the Australo-Papuan region.   

Interestingly, some of these species (the jays) are members of the group Corvida that radiated 

out from Australia 15 Myr ago, or earlier (Ericson et al. 2002).  There is also an exception of 

low incidence of EGP within an old Australian group member, the cooperatively breeding 

noisy miner (Manorina melanocephala), where EGP was observed in a single population only at a 

rate of 3% (Põldmaa et al. 1995).  A thorough review would determine if there is an actual 

relationship between cooperative breeding as an ancestral trait and high rates of EGP. 

 

The question concerning rates of EGP observed in magpies (and in other bird groups that may 

have had a historically high rate of EGP) would then be; why do some populations display 

such a low rate of EGP?  Territorial cohesiveness, essential to a cooperatively breeding group, 

could potentially be the reason why some populations of magpies do not continue to engage in 

regular extra-group behaviour.  Climatic conditions on the Australian continent during the 

early Tertiary, when a wave of passerine radiation is believed to have taken place (Feduccia 

1996), were warm, humid and aseasonal, leading to the development of lush forests (Specht 

1981).  The early Corvida are thought to have settled in these forests, and bred cooperatively in 

high quality territories that were necessary to sustain large groups of birds (Russell 1989).  

Then, as the Australian continent began to increase in aridity over time (Specht 1981), and 

food availability and territory quality probably declined, defending a food resource possibly 

became more important with the recession of high quality habitat.  The need to defend limited 

high quality territories may have triggered an increase in intraspecific aggression, and a lowered 

tolerance of intruders, which would probably have made seeking an extra-group mate more 

costly (refer to Chapter One, Section 1.2.5 – The costs of extra-pair behaviour).  For 

Australian magpies, the present-day situation of cooperative breeding, extreme territoriality, 
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and aggression coupled with observed high rates of EGP may potentially reflect this type of 

evolutionary history.  The proposed ‘ancestral trait’ of very high rates of EGP’s may have been 

tempered by the costs of territorial defence in some populations and maintained by the 

potential threat of inbreeding within close-knit family groups in other populations. 

 

What is lacking are comparative studies of other members of the Artamini, and a robust and 

thorough phylogeny of the Artamid group, including their relationship to the old Australian 

groups, and the rest of the Corvida.  Until this has been completed, the comments above are 

necessarily highly speculative, and merely represent one alternative hypothesis to explain the 

high rate of EGP in the Australian magpie. 

 

6.2  The Value of Intraspecific Comparisons  

 

The result of this study draws attention to the possibility that wide variation in behavioural 

traits like the extent of extra-group mating activity can exist within a species.  Many reported 

levels of EPP or EGP among bird species are estimated from observations of only a single 

population (Birkhead et al. 1990, Mulder et al. 1994, Haydock et al. 1996, Currie et al. 1998, 

Dunn and Cockburn 1999, Birkhead et al. 2001, Arsenault et al. 2002, Green et al. 2002).  If 

these species-level estimates are to be used in comparative analyses of extra-group or extra-pair 

mating activity, they could seriously under or over-estimate the actual rate if intraspecific 

variation exists and has not been addressed.  This would lead to inaccurate data sets and 

conclusions.  Given the variation observed among magpie populations here, I would suggest 

that greater care be taken in the use of a single-population estimate of the rate of this 

behavioural phenomenon.  Even though this study was confined to a comparison of only two 

populations, the comparison has allowed greater understanding of potential mechanisms than 
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if the study focussed only on a single population.  Comparative analyses are being performed 

with greater frequency in evolutionary and behavioural ecology (Cockburn 1996, Westneat and 

Sherman 1997, Arnold and Owens 1998, Griffith 2000, Bennett and Owens 2002b).  Without 

due care to ascertain that the raw data has taken into account the potential for intraspecific 

variation, the results of such analyses would be prone to error. 

 

6.3  Further Work 

 

While this study has largely supported the hypothesis that avoidance of inbreeding may be the 

major driving force for EGP’s in the Australian magpie (Chapter Three and Chapter Four), 

EGPs for ‘good genes’, while seemingly unlikely, has proven difficult to discount with absolute 

certainty (Chapter Four).  A method exists that may distinguish between these hypotheses with 

certainty, a study of major histocompatibility complex (MHC)-associated mate selection.   

 

The MHC is a highly polymorphic set of genes that code for receptors for antigen presentation 

to T lymphocytes of the immune system.  It is active during the early stages of the adaptive 

immune response (description reviewed by Hess and Edwards 2002).  The MHC is the most 

polymorphic gene complex known thus far (Hess and Edwards 2002).  The maintenance of 

polymorphism in the MHC, or ‘heterozygote advantage’ hypothesis, is important so that 

offspring of MHC dissimilar parents will be resistant to more pathogens than either parent 

alone (Hughes and Nei 1992).  In parallel, the ‘Red Queen’ hypothesis maintains that parasites 

maintain MHC diversity in a frequency-dependent coevolutionary arms race between hosts and 

parasites (Penn and Potts 1999).  These two hypotheses are not mutually exclusive, but both 

emphasise the importance of diversity in the MHC. 
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Because of its high polymorphism, the MHC plays a central role in resistance to multiple 

pathogens and parasites in vertebrates, the more polymorphic the haplotype, the more variable 

the immune response that can be launched at different attackers (Hughes and Nei 1992).  The 

MHC is also vital in the recognition of self-nonself.  Recognition of self-nonself and the 

advantages of maintaining polymorphism in the MHC has lead researchers to suggest that the 

MHC can play an important role in mate choice and kin recognition (Svensson and Skarstein 

1997, Jordan and Bruford 1998, Zelano and Edwards 2002). 

 

Although MHC evolution is driven partially by pathogen-mediated selection (Schat and Xing 

2000), there is also evidence for non-pathogen mediated evolution (reviewed in Penn and Potts 

1999).  In mammals, kin recognition, disassortative mating and prenatal selection (abortion or 

pregnancy block) have all been detected in laboratory-based experiments on inbred mice that 

were genetically identical except for MHC haplotype (reviewed in Penn and Potts 1999).  Some 

of these effects were also observed in a semi-wild population of mice (Penn and Potts 1998a, 

b).  In birds, because they are oviparous, it is thought that prenatal selection is less likely to 

occur due to the reduced maternal-fetal interface.  Thus precopulatory mechanisms of MHC-

associated mate selection may be favoured by natural selection, which possibly include kin 

recognition and disassortative mating (Zelano and Edwards 2002). 

 

The MHC may produce cues of various kinds to influence mate choice and aid kin recognition 

(reviewed in Zelano and Edwards 2002).  Olfaction may provide an important cue to 

recognition.  Individuals with different MHC haplotypes produce different odours that can be 

distinguished by other conspecifics (see Penn and Potts 1999 for a review of the potential 

mechanisms).  Although birds have traditionally been thought to have a very poor sense of 

smell, recent studies indicate that olfactory capability may be much more advanced than 
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previously thought (in starlings, Sturnus vulgaris: Wallraff et al. (1995), and procellariiform 

seabirds: Nevitt (2000)). 

 

With regard to the Australian magpie, an investigation based on the birds already sampled in 

this study (and in studies of other populations of magpies e.g.: Finn and Hughes 2001, Hughes 

et al. 2003) that attempted to detect disassortative mating based on MHC haplotype would 

advance the study of mate choice in this species significantly.  Preliminary results could 

indicate if mated pairs are MHC dissimilar, and if the degree of dissimilarity was correlated 

with the frequency of EGP.  A study of this nature could also indicate if MHC haplotype is 

related to individual breeder status within a territory, with due attention paid to the potentially 

confounding effects of age.  Finally, this study may potentially be able to distinguish between 

inbreeding avoidance and ‘good genes’ effects in EGP seeking behaviour.  This would be 

evident if there were marked differences in MHC disassortative mating preferences between 

the two populations known to have different levels of EGP and different potential for 

inbreeding.  If individual females showed an overwhelming preference for males that 

contributed a particular MHC haplotype to their EGP offspring, this could provide the missing 

evidence that ‘good genes’ are a factor in mate selection in the Australian magpie (Chapter 

Four).  

 

This appears to be a logical next step for the study of mate choice in Australian magpies, and 

magpies represent ideal candidates for a study of this nature for several reasons.  Studies of 

Australian magpies so far (this study, Hughes et al. 2003) contain evidence that indicates that 

MHC could potentially influence mate choice: kin recognition may be vital to avoid inbreeding; 

and due to cooperative breeding and the high rate of EGP’s, indirect benefits (genetic input 

from males) are more important to female mate choice than direct benefits, (Zelano and 
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Edwards 2002).  Furthermore, ecology and demography of at least two magpie populations 

(this study, Hughes et al. 2003) are known in great detail, just as in the MHC mating preference 

studies undertaken on ring-necked pheasants (Phasianus colchicus) (von Schantz et al. 1996), and 

wild Soay sheep (Ovus aries L.) (Paterson and Pemberton 1997).  Finally, there are numerous 

problems and caveats that are encountered with laboratory-based studies of mate choice that 

can be addressed by studies of behaviour of wild populations living in natural social conditions 

(Penn and Potts 1999), such as is possible with the Australian magpie. 

 

The study of mate choice in birds is complex, and relies on many factors that must be 

accounted for to avoid confounded results.  The current study has attempted to address a few 

issues simultaneously, including the potential for intraspecific variation.  With the continuation 

and extension of this work with a MHC-based study and the inclusion of data from other 

populations, the investigation into EGP and mate choice in the Australian magpie has the 

potential to make profound contributions to the study of evolutionary and behavioural 

ecology. 
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The genotypes of all sampled individuals in the white-backed Australian magpie population are displayed in the following table.  Birds are 

designated by colour-band combinations, with the last letter in the sequence denoting the single colour band placed on the left leg to indicate the 

year the bird was first captured (W = white 2000, B = blue 2001, R = red 2002).  The sexes of the birds are as follows: m = mature male; f = 

mature female; sa = subadult under the age of three years (some of these reached maturity during the course of the study); and c = fledglings born 

during the course of the study.  If a bird was included in Table 3.4, the code name given there is also displayed.  ‘TERR’ refers to the name of the 

territory.  The eight microsatellite loci used in parentage assignment are given one column per allele. Not all territorial groups were included in the 

paternity assignment results in Table 3.4, for varying reasons, e.g. DH was excluded because one group member remained uncaught, and FG was 

excluded due to difficulties assigning mothers unambiguously. 

 

BIRD          SEX Table 
3.4 

TERR 43a 43a
 2 

67c 67c
2 

112 112
2 

115a 115a  
2 

115b 115b 
2 

201a 201a 
2 

206b 206b 
2 

208 208
2 

GGYB                    m M5 AS 207 207 126 126 156 152 180 180 195 183 150 150 140 134 174 138
WWLbW

 
                    

                   
                    

                   
                   
                    
                    
                    

                    
                    
                    
                    
                    
                    

m M1 AS 207 201 126 120 152 148 194 180 201 183 150 148 146 138 174 138
GYBW f F1 AS 201 195 126 126 150 124 186 182 174 171 148 146 146 140 138 138
RLbLbW

 
f F2 AS 210 204 126 120 130 124 180 180 186 174 148 146 138 138 138 138

PGPW f F3
 

AS 204 201 126 126 154 132 182 182 186 183 146 146 140 138 138 138
BBYW sa AS 210 204 126 120 148 124 180 180 186 183 148 148 140 138 138 138
YGGW sa AS 210 204 126 126 148 130 194 180 186 183 150 148 140 138 138 138
YOYW c J1 AS 210 201 126 123 154 124 196 182 174 168 162 150 146 138 138 138
LgRWB c J2 AS 201 195 126 120 152 150 194 184 201 174 148 148 146 140 174 138
BGGW m M3 BE 201 195 126 123 150 126 204 184 180 168 150 148 140 140 138 138
BWBW f F6 BE 237 204 126 123 158 124 196 182 186 171 150 150 140 138 152 142
RWWB c J5 BE 237 204 126 126 126 124 184 182 186 168 150 150 140 140 152 138
GGGW m M4 BPP 207 204 123 120 148 146 202 180 192 177 150 148 146 140 138 138
RWRW f F7 BPP 216 204 126 123 150 136 196 196 183 180 162 146 136 136 140 136
WGWW f F8 BPP 204 201 126 126 124 122 180 180 225 171 152 150 140 136 144 138
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BIRD SEX Table 
3.4 

TERR 43a 43a 
 2 

67c 67c 
2 

112 112 
2 

115a 115a  
2 

115b 115b 
2 

201a 201a 
2 

206b 206b 
2 

208 208 
2 

RRYW                    c J6 BPP 207 201 126 120 150 146 196 180 192 183 162 150 146 136 140 138
DEAD01

 
                    

                   
                    
                    

                    
                    

                 
                    

                   
                    

                   
                   
                    
                    
                    

                    
                  

                    
                    

                    
                   

                    
                    
                    
                    
                    

                    
                  

                    
                    
                    
                    

                   
                    

                    

c J7 BPP 207 204 126 126 146 134 196 180 183 180 150 148 140 136 140 138
YYYW m M2 BAC 204 201 126 126 126 126 182 180 198 168 150 150 136 130 142 138
GRBW f F4 BAC 204 204 126 126 150 126 184 180 201 174 168 150 140 136 144 144
WBPW f F5 BAC 204 207 126 126 150 148 184 182 198 174 150 150 140 140 144 138
GAGB c J3 BAC 204 201 126 123 126 126 182 182 204 168 168 150 140 136 144 138
OWLgR

 
c J4

 
BAC

 
207 204 126 126 150 128 180 180 174 168 168 150 136 136 144 138

GPBW f BR 204 198 126 126 160 124 196 180 210 207 152 148 148 124 138 138
WAGB

 
f BR 240 198 126 123 154 154 196 180 186 171 150 150 136 134 138 138

YRBB f BR 204 201 126 123 156 126 196 180 195 174 168 148 144 140 172 138
LbLbLbW

 
m M6 CJ 210 204 126 126 158 124 196 182 186 171 150 148 138 138 152 144

RYPW f F9
 

CJ 237 201 126 123 158 142 196 182 183 171 150 150 142 136 142 138
BPBW sa CJ 237 204 126 126 142 124 196 196 189 171 150 150 142 138 154 138
GYGW sa CJ 204 201 126 123 158 142 196 182 186 183 150 150 138 136 144 138
BRBW m M7 CJ 237 210 126 126 158 142 196 196 189 171 150 150 138 136 152 138
YBYW c J8 CJ 237 204 126 126 158 142 196 182 183 171 150 150 140 138 144 138
GLgLgR

 
c J9

 
CJ 237 204 126 126 158 124 182 182 219 183 150 150 148 136 142 138

YPBW m CY 201 201 126 123 154 140 194 180 183 168 162 150 142 138 142 138
BWWW f CY 198 192 126 126 126 124 180 180 183 171 146 146 140 136 140 138
RGGW f CY 204 201 126 123 152 138 182 180 216 171 150 148 140 136 172 156
LbLbGW

 
sa CY 201 201 126 123 154 138 180 180 216 168 162 150 138 138 156 142

BBGW m M8 CT 204 201 126 120 150 148 198 198 222 177 166 150 140 138 138 138
PRRW m M9 CT 216 201 126 126 142 124 200 182 177 171 160 150 148 136 138 138
APAW f F10 CT 204 198 126 123 154 130 198 198 201 171 150 150 140 138 138 130
BYOW c J10 CT 201 198 126 126 142 130 198 196 177 171 160 150 140 136 138 130
YYGW c J11 CT 204 198 126 123 154 148 198 198 201 177 150 150 136 136 138 130
RGRB c J12 CT 204 204 126 120 148 130 196 196 222 171 150 150 140 140 138 130
LgBLgR

 
c J13

 
CT 204 204 126 123 154 150 196 182 204 204 170 150 138 138 144 138

YYRW m DD 198 195 126 120 126 124 182 180 171 168 148 146 140 140 138 138
GAGW f DD 213 192 126 126 156 122 198 180 174 171 158 148 136 136 146 138
PYBW f DD 234 195 126 126 128 124 196 182 201 183 148 148 138 138 140 130
BLbBW sa DD 213 189 126 126 150 146 202 180 225 171 168 166 146 128 174 140
RWPW

 
sa DD 210 198 126 126 160 122 196 182 222 195 160 150 158 138 138 138

BPPW m DH 201 195 126 126 154 150 198 180 183 180 150 148 140 136 146 144
RRYB m DH 210 210 126 123 126 124 180 180 210 174 166 150 138 134 146 132
BRLgW c DH 195 195 126 126 150 124 196 184 180 174 176 148 140 138 146 138
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BIRD SEX Table 
3.4 

TERR 43a 43a 
 2 

67c 67c 
2 

112 112 
2 

115a 115a  
2 

115b 115b 
2 

201a 201a 
2 

206b 206b 
2 

208 208 
2 

GRYB                    c DH 201 195 126 126 126 126 198 186 207 183 150 148 136 134 146 138
WOGB

 
                    

                   
                    
                    
                    
                    

                   
                    

                   
                    

                    
                   
                  

                    
                   

                    
                    

                    
                    
                    

                   
                   

                   
                   
                   
                   
                   

                  
                   

                  
                    

                   
                    
                   
                    

c DH 201 198 126 123 160 152 198 180 180 174 150 148 136 134 146 138
YYRB c DH 198 195 126 123 160 156 198 184 207 180 176 148 138 136 144 142
BBBW m FF 204 195 126 120 148 122 196 180 207 201 150 148 140 138 174 140
RYRB f FF 201 198 126 123 124 122 186 180 216 186 150 150 148 138 174 128
AAAB m M10 FW 210 201 126 123 156 124 180 180 195 177 160 150 140 136 154 138
AGWB

 
f F12 FW 201 195 126 123 160 124 200 180 180 168 150 150 134 128 140 138

RPPB f F11 FW 213 195 126 126 154 136 194 194 201 171 166 158 140 138 146 138
OGWB

 
c J14 FW 213 201 126 126 124 124 194 182 201 171 166 150 140 136 174 146

GYYB c J15 FW 198 195 126 126 152 124 194 180 201 171 158 148 140 134 174 146
RGGB c J16 FW 210 201 126 123 124 124 200 180 177 177 160 150 140 128 154 140
LgLgOR

 
c J17 FW 210 192 126 126 154 126 194 180 201 195 166 160 136 134 138 138

GWGR
 

c J18
 

FW 201 195 126 126 158 136 194 180 201 177 166 150 140 136 156 138
AABB m FG 198 198 126 123 158 126 184 180 177 171 168 150 146 136 138 138
LbWPB

 
f FG 219 219 126 126 150 124 190 182 213 210 150 148 140 136 154 144

RBRB f FG 207 204 126 126 158 140 196 182 213 207 158 150 138 138 140 138
GWGB c FG 201 192 126 123 156 124 204 202 207 174 148 148 136 134 172 138
OOWB c FG 201 201 123 120 148 126 202 196 213 207 150 148 148 134 138 138
RROB c FG 204 201 126 120 124 124 188 182 207 174 148 148 148 136 172 138
DEAD011 c FG 204 201 123 120 126 126 196 182 186 168 150 150 148 134 172 138
DEAD012

 
c FG 198 198 126 126 160 126 182 180 213 171 168 148 146 140 144 138

WWWW
 

m GK 204 204 126 126 146 140 198 180 195 171 150 148 140 136 142 138
RYGW f GK 240 189 126 126 124 122 202 196 183 171 150 150 148 138 146 138
RRBB m M11 GK01 237 204 126 126 148 124 198 198 222 183 150 148 136 136 142 138
GPGB f F13 GK01 228 189 126 126 134 130 212 198 180 174 150 150 136 134 174 138
AALbB f F14 GK01 237 195 126 123 146 142 196 196 222 210 150 150 148 138 144 138
WWOB c J19 GK01 204 189 126 126 140 136 212 182 174 171 150 150 138 136 174 138
WGWB

 
c J20 GK01 228 201 126 123 140 130 198 182 180 171 150 150 138 136 174 138

ROYB c J21 GK01 228 204 126 126 136 124 198 190 186 174 150 150 134 134 174 144
LgLgYR

 
c J22

 
 GK01 228 210 126 126 130 126 212 196 186 180 150 150 146 138 174 146

GGBW m HHH 216 192 123 123 158 136 198 182 180 168 150 148 136 130 142 138
LbPLbW

 
m M16 HHH 216 201 126 123 158 126 190 180 198 177 148 148 146 136 138 138

PGWW f F18 HHH 201 198 126 123 146 136 198 198 186 180 148 148 146 136 138 138
WPPW f F19 HHH 204 201 126 123 126 124 198 180 207 174 148 148 140 136 146 138
YYPW m M17 HHH 207 204 126 126 156 152 200 182 174 168 150 150 150 140 138 138
GYGR c J26 HHH 204 201 126 123 158 124 196 182 177 168 150 150 140 140 138 138
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BIRD          SEX Table 
3.4 

TERR 43a 43a
 2 

67c 67c
2 

112 112
2 

115a 115a  
2 

115b 115b 
2 

201a 201a 
2 

206b 206b 
2 

208 208
2 

BOBR                    c J27 HHH 201 201 126 126 152 136 200 196 180 174 150 150 150 148 138 138
///W m                 

                    
                    
                    
                    
                    
                    
                    
                    

                   
                   
                    
                    

                   
                    

                    
                   
                    
                    
                    
                    

                   
                    
                    
                    
                    

                   
                   

                    
                    
                    
                    
                    
                    
                    

M12  HB 204 204 126 123 158 142 182 180 183 174 164 162 140 146 144 138
AAAW m M14 HB 201 195 123 120 150 130 190 182 180 168 164 164 138 136 142 138
BBRW m M15 HB 192 192 126 126 160 152 200 198 195 171 164 164 140 130 144 140
YBBW f F15 HB 228 192 126 123 146 140 182 182 207 195 166 148 140 136 172 138
PBRW sa M13 HB 204 189 126 126 142 140 182 182 195 183 166 162 140 140 138 138
GRWW sa F16 HB 228 204 126 123 142 140 184 182 195 183 166 162 140 136 144 138
RRGW c J23 HB 204 189 123 123 158 140 182 180 207 174 162 148 136 136 138 138
LbBYB f F17 HB 198 198 123 123 146 142 184 182 207 183 150 150 136 136 174 138
LgGGR

 
c J24 HB 228 198 123 120 140 128 184 182 195 168 164 148 136 136 172 142

OBOR c J25
 

HB 201 192 126 123 146 128 188 182 195 180 166 164 140 136 172 136
YRRW m HC 198 189 126 123 164 124 210 180 216 198 150 150 140 138 174 146
GWPW f HC 204 180 126 123 160 116 192 188 201 174 150 150 146 138 138 138
WPWW

 
f HC 204 198 126 123 124 122 186 180 204 174 164 150 146 140 146 138

BBPW m M18 JD 210 195 126 123 140 124 196 180 213 183 150 146 138 136 156 136
PPYW f F21 JD 198 198 126 123 126 126 194 182 177 171 162 150 138 138 174 144
GLbRW f F20

 
JD 204 195 126 126 124 122 182 180 180 171 166 150 140 138 138 138

BLbGW sa JD 195 195 126 123 140 124 180 180 183 171 166 148 140 138 138 136
BYWW sa JD 204 198 126 123 152 126 196 194 177 171 150 146 138 130 144 138
RYRW sa JD 201 195 126 126 126 124 194 180 183 177 150 146 138 138 174 136
GRWB c J28 JD 210 198 126 123 140 126 198 184 183 180 166 150 140 134 138 136
LgRLgB

 
c J29 JD 198 198 126 126 140 124 198 182 213 180 150 150 140 136 158 138

RRWB c J30 JD 210 210 126 123 126 126 198 182 183 180 150 150 136 136 156 138
AWAB c J31 JD 201 198 123 123 140 128 198 182 183 171 150 150 136 134 174 156
GLgGR c J32 JD 204 204 126 126 152 124 182 182 201 180 176 150 138 128 138 136
RRRW m M19 KN 198 195 126 126 128 124 198 198 201 195 150 148 140 138 138 130
RBYW f F22

 
KN 201 177 126 123 158 154 198 182 183 171 150 150 150 140 138 138

LbGWW
 

sa KN 201 195 126 123 154 128 196 180 201 171 150 150 140 138 138 138
PWPW sa KN 198 177 126 123 158 124 196 180 201 171 150 148 150 140 138 138
GBYW c J33 KN 195 177 126 126 154 128 196 180 201 171 150 148 150 140 138 138
GGOW c J34 KN 198 192 126 123 154 124 196 180 195 171 150 148 150 140 138 138
OWOR c J35 KN 198 177 126 123 158 124 196 196 195 171 150 150 140 140 142 138
GYWR c J36 KN 198 198 126 123 154 152 202 180 171 171 150 148 148 136 172 138
RRAW m M20 LB 237 213 126 126 124 122 196 180 222 171 148 148 150 136 142 138
ABAW f F23 LB 204 201 126 126 148 136 196 180 183 171 148 148 138 138 140 138
BPWW f F24 LB 207 201 126 120 152 150 184 180 210 189 170 150 140 140 138 138
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BIRD          SEX Table 
3.4 

TERR 43a 43a
 2 

67c 67c
2 

112 112
2 

115a 115a  
2 

115b 115b 
2 

201a 201a 
2 

206b 206b 
2 

208 208
2 

OWYW                    c J37 LB 237 204 126 120 152 124 196 180 210 171 148 148 140 136 142 138
RBRW c                  

                    
                    

                   
                    
                    

                   
                    
                    

                  
                   

                  
                  

                  
                   
                   

                  
LbYLbR                   

                    
                   

                    
                    
                   
                   
                    

                   
                    
                    
                    

                  
LgRWR   PC                 

                    
                    
                    

                  

J38 LB 213 201 126 123 152 124 196 180 222 210 148 148 150 140 138 138
GRGW c J39 LB 237 204 126 126 122 136 196 180 222 171 150 150 138 136 142 140
YWGB
OGRB 

c J40 LB 213 204 123 126 150 122 196 180 222 207 150 148 140 136 142 138
c J41 LB 237 201 126 120 152 122 184 180 186 171 150 150 140 136 138 138

WLgWB c J42 LB 210 207 126 126 126 126 196 188 186 177 150 150 146 136 146 138
LgYLgB

 
c J43 LB 213 204 126 126 136 126 196 196 183 171 150 150 138 136 140 138

OOBR c J44 LB 204 201 123 120 150 124 182 182 210 186 148 148 146 140 138 138
GWWR c J45 LB 213 204 126 126 148 122 196 180 222 171 150 148 138 136 142 140
DEAD02

 
c J46

 
LB 237 204 126 126 150 126 180 180 171 171 150 148 138 136 140 138

WRRW
BRWW 

m LBG 201 201 126 126 126 124 196 182 204 171 150 150 138 136 146 138
f LBG 207 204 126 126 156 126 196 182 183 171 172 162 138 130 136 136

YYYB m M26
 

 LBG01 201 198 126 126 156 134 196 180 186 183 150 150 140 136 146 138
LbABB

 
f LBG01 198 198 126 126 154 150 196 182 189 174 176 150 140 140 138 138

AAPB f LBG01 216 216 126 126 160 158 182 180 174 171 150 150 146 134 154 138
BYLbB sa LBG01 213 201 126 126 156 124 200 180 180 177 150 150 136 136 154 140
BBLbB
YGYR 

m LBG02 216 201 126 123 158 154 182 180 171 171 176 150 136 136 138 128
f LBG02

LBG02
 204 204 126 120 156 150 190 188 186 171 150 150 138 136 140 138

f  204 201 126 126 124 152 182 182 180 177 150 148 140 136 146 136
LbLbBW
GBGW 

m NN 210 204 126 126 122 122 184 180 180 171 152 150 144 136 142 138
f NN 204 192 126 126 160 126 196 180 213 171 160 150 140 138 144 138

PGRW f NN 210 204 126 126 154 126 188 180 213 183 150 148 140 138 138 138
YWYW c NN?

 
210 201 126 126 150 148 182 180 210 171 150 150 138 132 150 146

GGGB m M21 PC
PC 

207 204 126 123 136 122 190 184 207 174 150 148 140 140 156 140
BLbBB f F26 201 201 123 120 148 146 194 180 204 168 150 148 140 138 138 138
WRYB

 
f F25 PC 201 201 126 126 154 150 184 180 177 171 150 148 140 138 174 142

YAYB f F27 PC 210 207 126 126 160 124 188 182 222 180 150 148 146 138 146 138
GGBB c J47 PC 207 201 126 123 150 136 190 184 174 171 148 148 140 138 174 156
PRPB c J48 PC 207 201 126 123 150 122 190 180 207 177 150 150 140 140 174 156
YYWR
BWBR 

c J49 PC
PC 

207 207 126 126 154 136 190 180 177 174 148 148 140 140 172 138
c J50 204 204 126 126 154 136 190 184 174 171 150 148 140 140 142 140
c J51 207 207 126 126 154 122 184 184 207 177 150 148 140 138 156 142

BBWW m M22 RR 204 204 126 123 136 126 180 180 207 201 168 150 140 136 144 138
PWRW f F29 RR 222 201 123 120 146 126 182 180 177 168 148 148 146 138 174 144
GBAW
RGWW 

f F28
 

RR 237 198 123 123 124 122 196 186 180 177 150 148 138 138 154 140
sa RR 204 207 126 126 150 136 182 180 201 171 150 150 140 140 144 144
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BIRD          SEX Table 
3.4 

TERR 43a 43a
 2 

67c 67c
2 

112 112
2 

115a 115a  
2 

115b 115b 
2 

201a 201a 
2 

206b 206b 
2 

208 208
2 

Dead00                    c J52 RR 204 207 126 123 150 126 182 180 207 198 150 150 140 136 144 138
RYYB c                   

                    
                   

GPWB                   
                    

                   
B                   

                    
                  
  SW                 

YORB                    
                   

   SW                 
                    

                   
                    

RW                    
                   
                    
                    

                   
                   

                    
                    

                   
                    
                    
                    
                    

                    
                   
                  

                    
                    

                   

J53 RR 204 195 126 126 126 124 186 180 204 177 150 150 140 138 140 138
RLgRR
GPPB 

c J54 RR 207 198 126 123 142 124 196 180 180 177 148 148 138 136 154 138
m M25 SW

SW 
213 198 126 123 150 136 198 182 180 174 150 148 140 138 146 138

f F35 222 204 126 120 148 124 198 184 204 183 166 148 140 136 174 138
YLbYB

 
f F34 SW 195 195 126 120 136 122 196 180 204 174 148 148 134 132 140 138

PABB
RLgG

sa F36 SW
SW 

204 180 126 126 146 124 184 182 183 171 164 150 146 140 138 138
c J65 213 195 126 120 136 132 198 196 204 174 150 148 136 134 146 138

RLgLgG
 

c J66 SW
SW 

216 204 126 126 152 146 180 180 207 171 150 150 146 136 144 140
WOYB
YGGB 

c J67 204 198 126 123 150 124 182 180 204 174 166 150 140 138 138 138
c J68 213 204 126 126 150 148 198 196 183 180 166 150 140 138 174 146
c J69 SW

SW 
222 198 126 123 150 146 198 182 183 174 166 150 138 136 138 138

///R c J70 198 198 126 120 136 132 196 180 180 174 150 148 140 132 146 140
OGYR c J71 204 198 126 123 150 146 182 180 204 180 166 148 138 138 172 138
LgOLgR
PYYW 

c J72 SW 198 195 126 126 134 122 196 180 207 174 150 148 140 132 138 138
m M23 SD 204 204 126 123 152 136 180 180 201 171 150 148 138 136 138 138

YRYW
LbLb

f F31 SD 201 189 126 123 142 124 188 182 177 171 162 148 140 136 138 138
f F30

 
SD 210 204 126 126 124 122 202 196 171 171 150 148 138 136 140 138

BGBW sa SD 210 201 126 123 128 124 194 182 180 177 168 150 146 138 138 138
RWBW sa SD 210 195 126 126 124 124 198 198 219 171 166 150 138 138 140 138
LgGLgB

 
c J55 SD 204 204 126 126 152 124 196 180 201 171 148 148 138 138 140 138

WWRB
 

c J56 SD 219 192 126 123 124 122 196 182 171 171 150 148 134 134 138 138
YYGB c J57 SD 210 204 126 126 136 124 196 180 171 171 150 148 138 134 138 138
LgGLgR c J58 SD 216 204 126 123 128 124 182 182 177 171 162 150 148 140 138 138
WWOR

 
c J59 SD 207 201 126 126 154 124 202 194 210 171 164 150 138 138 138 138

ROBR c J60 SD 210 201 126 126 154 124 202 194 210 171 150 148 138 138 140 138
GGYR c J61 SD 201 201 126 123 150 124 180 180 204 174 148 148 140 140 138 138
AARW m M24 SS 210 201 126 126 158 136 196 196 201 198 148 148 138 138 142 138
GPGW f F32 SS 201 198 126 126 124 122 194 184 201 198 150 150 146 136 140 138
RGRW f F33 SS 210 198 126 126 148 126 180 180 210 171 168 148 140 136 146 138
LgYLgW

 
c J62 SS 204 198 126 126 158 122 196 194 198 168 150 148 138 136 174 138

WRWB
 

c J63 SS
SS 

204 198 126 126 158 122 196 194 207 201 150 148 138 136 138 138
YBRR c J64 210 198 126 126 136 122 196 194 207 201 150 148 138 136 140 138
GBBW m M27 TR 201 183 126 126 148 124 214 180 222 174 150 150 146 136 142 138
WBRW
YBLbW 

m M28 TR 201 189 126 123 126 122 200 196 207 177 162 150 140 136 156 154
f F38 TR 237 198 126 123 124 122 196 182 183 174 150 150 140 136 138 138
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3.4 

TERR 43a 43a
 2 

67c 67c
2 

112 112
2 

115a 115a  
2 

115b 115b 
2 

201a 201a 
2 

206b 206b 
2 

208 208
2 

BYBW                    f F37 TR 237 204 126 126 148 126 196 182 174 174 150 150 144 136 142 138
GGWB

 
                    

                   
                   
                    
                    

                   
                    
                    

                  
                    
                    
                    

R                    
                   

                   
                    
                    

                   
                   
                   

                  
                    

                   
                    

                  

c J73 TR 207 204 126 126 122 122 212 194 183 174 150 150 144 136 142 138
RGPB c J74

 
TR 201 186 126 123 122 122 196 182 219 174 150 150 144 140 142 138

PPGW m TG 204 198 126 123 140 140 198 198 186 171 150 148 138 136 156 140
GRRW f TG 195 192 126 123 152 152 184 184 171 168 150 150 140 138 142 142
LbPBW

 
sa TG 201 192 126 123 160 156 198 182 174 171 150 150 140 140 138 138

PPPW m M29 VE 207 198 126 126 124 124 200 184 219 183 166 150 150 138 138 138
PGLbW f F40 VE 201 198 126 123 140 124 184 182 174 171 150 150 140 136 138 138
LbWWW

 
f F39

 
VE 204 198 126 126 150 124 184 182 174 171 148 146 140 130 138 138

BRGW sa VE 198 198 126 123 158 122 196 180 183 171 166 150 140 138 138 138
YGYW sa VE 198 198 126 123 124 124 184 184 183 171 166 150 150 140 138 138
GWBW c J75 VE 204 201 126 126 124 124 182 182 210 171 150 148 140 136 138 138
RLgRW
LgWLg

c J76 VE 198 198 126 126 124 124 184 182 210 174 168 148 140 138 138 138
c J77

 
VE 198 198 126 126 124 124 182 182 183 171 166 150 148 140 138 138

GGLbR
 

m WAR 198 198 126 123 158 152 198 196 174 174 148 148 140 134 138 128
ABYW f WAR 201 195 126 126 158 138 202 182 168 168 150 150 140 136 138 138
WBWB sa WAR 198 195 126 123 158 126 180 180 198 168 148 148 134 134 144 138
LbLbAB

 
sa WAR 216 210 126 123 124 124 196 182 213 195 166 164 140 136 148 138

YYGP m WAR 201 189 123 123 158 140 182 182 207 183 164 148 136 136 154 138
WWPW m M30 WWF 228 207 126 126 156 136 184 184 234 174 150 148 140 138 140 138
BLbWW

 
sa

 
M31 WWF 228 207 126 126 146 136 198 184 231 180 162 150 140 136 140 140

RGYW f F42 WWF 216 216 117 117 140 124 182 180 207 180 150 150 136 136 138 138
BWLbW

 
f F41 WWF 216 195 126 126 124 124 196 180 207 204 150 148 142 136 138 130

GRGB c J78 WWF 216 198 126 126 124 122 180 180 207 168 150 150 140 138 138 138
LgWWB

 
c J79

 
WWF 201 201 126 120 160 142 200 180 171 171 150 150 140 138 138 138

Decoy m Flock 219 207 126 123 150 126 190 186 189 177 150 148 146 140 138 138
 

 

 

 

 




