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MAINTENANCE OF A HYBRID ZONE: THE ROLE OF FEMALE MATE CHOICE

JANE M. HUGHES,"* ALICIA TOON,' PETER B. MATHER,> AND CORINNA L. LANGE?

Griffith School of Environment, Griffith University, Nathan Queensland, 4111, Australia;
2Biogeosciences, Fast, Queensland University of Technology, Gardens Point, Queensland, 4001, Australia; and
3School of Biological Sciences, University of Queensland, St Lucia, Queensland, 4072, Australia

ABsTRACT.—Hybrid zones between different plumage morphs are common in birds. These zones can be maintained by (1) divergent
selection pressures on either side of the zone or (2) some restriction to mating between the forms that limits gene flow from one side to
the other. In eastern Australia, there is a distinct hybrid zone between two plumage forms of the Australian Magpie (Cracticus tibicen),
with black-backed birds in the north, white-backed birds in the south, and both forms plus intermediates in a zone ~100 km wide. On
the basis of social groups, there is no evidence of assortative mating in the hybrid zone. However, extrapair fertilizations (EPF) occur
in other Australian Magpie populations and, thus, may also occur in the hybrid zone. We examined evidence of EPFs in the hybrid
zone to test for either (1) positive assortative mating or (2) preference for the brighter plumage form. Although there were significant
levels of EPFs of ~30%, there was no evidence for positive assortative mating or preference for the brighter white-backed males. Other
explanations for the current distribution of the hybrid zone and its maintenance will need to be investigated. Received 3 February 2011,
accepted 26 August 2011.

Key words: Australian Magpie, Cracticus tibicen, divergent selection, extrapair fertilization, hybrid zone, inbreeding avoidance, mate
choice, positive assortative mating.

Maintien d’une zone hybride : le rdle du choix du partenaire par la femelle

RESUME.—Les zones hybrides entre différents morphes de plumage sont courantes chez les oiseaux. Ces zones peuvent étre maintenues
par (1) des pressions sélectives divergentes de chaque c6té de la zone ou (2) une certaine limitation de 'accouplement entre les formes qui
restreint le flux de génes d’un c6té a l'autre de la zone. Dans l'est de ’Australie, il existe une zone hybride distincte entre deux formes de
plumage de Cracticus tibicen, avec des oiseaux au dos noir dans le nord, des oiseaux au dos blanc dans le sud et les deux formes ainsi que
des intermédiaires dans une zone large d’environ 100 km. Sur la base des groupes sociaux, il n’existe aucune évidence d’homogamie dans la
zone hybride. Cependant, des fertilisations extraconjugales (FEC) ont lieu dans d’autres populations australiennes de pies et, de ce fait, elles
peuvent également se produire dans la zone hybride. Nous avons examiné les preuves de FEC dans la zone hybride afin de tester pour (1)
I’homogamie positive ou (2) une préférence pour la forme de plumage la plus claire. Malgré les niveaux significatifs de FEC d’environ 30 %, il
n’y avait aucune preuve d’homogamie positive ou de préférence pour les méles au dos blanc plus clair. D’autres explications de la répartition
actuelle de la zone hybride et de son maintien doivent étre étudiées.

HYBRID ZONES AND their maintenance have been studied by
evolutionary biologists for over a century (Harrison 1993). They
can arise through secondary contact between previously allo-
patric populations (Hewitt 1988) or, alternatively, they can result
from different selection pressures favoring alternative forms on
either side of the zone (Barton and Hewitt 1985). These zones
have been shown to be maintained by (1) divergent selection at
opposite ends of the zone (Jiggins and Mallet 2000), (2) positive
assortative mating within the zone (Brodin and Haas 2009), or
(3) reduced fitness of hybrids (Barton and Hewitt 1985) due to
genetic incompatibility (Price 2008) or intermediate behavior or
appearance of hybrids that make them less attractive as partners
(Bridle et al. 2006).

4E-mail: jane.hughes@griffith.edu.au

In birds, hybrid zones between various plumage forms are
common in nature—for example, between Pied Flycatchers (Fice-
dula hypoleuca) and Collared Flycatchers (F. albicollis) (Veen et
al. 2001), between Lazuli Buntings (Passerina amoena) and Indigo
Buntings (P. cyanea) (Baker and Boylan 1999), and between forms
of Australian Magpies (Cracticus tibicen) (Hughes 1982, Toon et
al. 2003)—and recent studies suggest that mate choice may be im-
portant in maintaining these hybrid zones. For example, sexual
imprinting, whereby young individuals learn specific character-
istics of their parents that ensure that they choose mates with
those characteristics, has been suggested to maintain a hybrid
zone between Hooded Crows (Corvus cornix) and Carrion Crows
(C. corone) in Europe (Haas et al. 2010). By contrast, preference of
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Fic. 1. Distribution and back-color patterns of the Australian Magpie. Panels A—E show variation in male birds. A is pure white back (= 0) and E is
pure black back (= 4). B, C, and D are intermediates, designated as 1, 2, and 3. Differences between (F) males and (G) females of the white-backed
form are shown. Panel H shows the location of the hybrid zone in eastern Australia (striped) between black-back magpies in the north and white-back
magpies in the south. The distribution of the Australian Magpie is shown in gray on the map of Australia (adapted from The Atlas of Australian Birds;

Barrett et al. 2003).

female Black-capped Chickadees (Poecile atricapillus) and Caro-
lina Chickadees (P. carolinensis) for Carolina-like males may be an
important factor in the movement of this hybrid zone (Reudink
etal. 2006). Habitat, in conjunction with mate choice, may also be
important in maintaining hybrid zones by way of natural selec-
tion, such as in Golden-collared Manakins (Manacus vitellinus)
and White-collared Manakins (M. candei), in which a balance be-
tween sexual selection for bright plumage and selection against
conspicuousness in different habitats is proposed as contributing
to stabilizing the hybrid zone (Uy and Stein 2007).

A factor that has complicated the assessment of the role of mate
choice in maintaining hybrid zones in recent years is the fact that
many socially monogamous birds have been shown to engage in ex-
trapair copulations (EPCs; Griffith et al. 2002). Thus, assessing ev-
idence for assortative mating by observing social groups may give
misleading results because females may mate with males from out-
side their social pair or group. The few studies that have examined
the patterns of EPCs or extrapair fertilizations (EPFs) within hybrid
zones to determine whether females mated socially with a hetero-
specific male are more likely to engage in EPCs (i.e., whether there
was evidence for positive assortative mating) have yielded mixed re-
sults. Positive assortative mating was found in flycatchers (Veen et
al. 2001) but not in chickadees: female Black-capped and Carolina
chickadees both preferred Black-capped males (Reudink et al. 2006).

The Australian Magpie (hereafter “magpie”) is broadly dis-
tributed across Australia (Fig. 1), where it has been divided
into a number of subspecies based mostly on plumage and bill

morphology (Schodde and Mason 1999). In eastern mainland Aus-
tralia, there are three recognized subspecies, but the major differ-
ence occurs in back color (Fig. 1). Cracticus t. tyrannica occurs in
southern Victoria. Males of this subspecies have pure white backs
and females have pale gray backs. In the remaining eastern main-
land, there are two subspecies, C. t. tibicen and C. t. terraereginae,
which differ from each other only in very minor morphological
characteristics (Schodde and Mason 1999). In both of these sub-
species, both sexes have a black saddle across the back, the only
difference between the sexes being that males and females have
white and pale gray napes, respectively. In the hybrid zone, in-
termediate forms and both parental types co-occur. Intermedi-
ates have varying widths of the black saddle, from a couple of back
feathers to an almost complete covering of the back (Fig. 1). The
hybrid zone is narrow (~100 km; see Fig. 1) in relation to the dis-
tribution of parental types (Burton and Martin 1976). In southeast
Australia, including the hybrid zone, magpies live in permanent
territorial groups that range in size from 3 to 15 birds (Hughes
et al. 1996). A territory usually consists of a dominant male and
female and subordinate adults and juveniles that have fledged in
previous years within the territory, although new birds also oc-
casionally join a territory as either an adult or a juvenile. Obser-
vational studies suggest that one or more females (up to five) will
build separate nests within a territory, with the dominant females
being the first to nest each year (Carrick 1972, Hughes et al. 1996).
Paired males will feed nesting females, but helping behavior by
other members of the group includes only the feeding of nestlings
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and fledglings (Hughes et al. 1996). Occasionally, adults of both
sexes feed young at more than one nest, and nestlings are some-
times fed by multiple adult males and females. In the hybrid zone,
social groups consist of all combinations of white-backed, black-
backed, and intermediate forms (Hughes et al. 2002).

Studies of neutral markers, mitochondrial DNA variation
(Hughes et al. 2001), and microsatellite variation (Toon et al.
2007) across this hybrid zone show no evidence of restricted gene
flow or structure, and there is no relationship between mitochon-
drial haplotype or microsatellite alleles and plumage pattern.
Hughes et al. (2001) proposed that divergent selection on either
side of the hybrid zone was the most likely mechanism to explain
its maintenance and proposed that vegetation cover and mate
choice may be involved. The habitat of most black-backed birds is
relatively open, whereas white-backed birds typically inhabit more
heavily wooded areas. Hughes et al. (2001) proposed that natural
selection through predation on nestlings and fledglings may fa-
vor black backs in open areas, whereas the advantages of obscurity
may be less important in heavily wooded areas. A further sugges-
tion was that the white-backed form is very conspicuous, particu-
larly in the ultraviolet (UV) range. Although UV reflectance may
be at a disadvantage as a result of predation in more open habitat,
it may be favored by sexual selection, either by being better able
to hold territories, which are critical for magpie breeding (Car-
rick 1972), or by being more attractive to females (e.g., Pearn et al.
2003). Consequently, the hybrid zone may be maintained by mate
choice favoring white-backed males over black-backed males and
selecting against the offspring of white-back males in open areas.

An earlier study examined some of these hypotheses within
the hybrid zone (Hughes et al. 2002) and showed that territories
with nests located in forest produced more fledglings than territo-
ries with nests in isolated trees and that in forested areas, territories
with white-backed males produced more fledglings than black-
backed males, with the result reversed in open areas. There was,
however, no evidence that white-backed males were more likely to
hold territories, hold bigger territories, or have more females within
a territory, despite the fact that resident magpies were more aggres-
sive toward a white-backed intruder (Kallioinen et al. 1995). From
observations of social groupings, Hughes et al. (2002) showed that
females did not prefer white-backed males over other males as had
been predicted, nor was there any evidence of positive assortative
mating, which is another mechanism that is suggested to maintain
hybrid zones in other birds (e.g., crows; Haas et al. 2010).

A factor that may complicate interpretation is the observa-
tion that magpies show high levels of extrapair matings. In a west-
ern Australian population, 83% of fledglings were fathered by males
from outside the territory (extra-group fertilization [EGF]; Hughes
et al. 2003), whereas 44% of fledglings from a population of white-
backs in eastern Australia were fathered from outside the territory
(Durrant and Hughes 2005). There were no obvious correlates with
EGFs in the white-backed population, although inbreeding avoid-
ance was suggested as a possible reason. Unlike most birds, in mag-
pies, females are the philopatric sex (Veltman and Carrick 1990) and,
therefore, where multiple females breed within a territory they are
likely to be closely related to the other adults in the territory. These
findings suggest the possibility that magpies in the hybrid zone may
also exhibit high levels of EPF and, if so, previous conclusions con-
cerning lack of assortative mating and lack of preference for white-
backed males based on social pairing may have been in error.

Given the likelihood of EPFs in the hybrid zone, we aimed to
test the hypotheses that (1) EPFs are more common when the so-
cial partner is intermediate or black-backed or (2) EPFs would be
more common when the social partner has a different back color
than his partner. The former would suggest evidence for sexual
selection for bright white plumage (contributing to divergent se-
lection), whereas the latter would provide evidence that the hybrid
zone was maintained by positive assortative mating. Additionally,
we predicted (3) that EPFs are an inbreeding avoidance strategy
that occurs when the social mates are closely related, as has been
suggested by Durrant and Hughes (2005).

METHODS

Study site and field methods.—Between 1992 and 2005, field data
and blood samples were collected from a population of magpies in
southeastern Australia. The study site, on Lambing Gully Road, Vic-
toria (center of study site: 36°58'18.31”S, 145°13’37.76"E), was selected
in the hybrid zone between northern black-backed and southern
white-backed magpies. Nineteen territories were selected because of
their complete sample history and records throughout the study: A,
AH, ARV, BS, CS, DII, EH, GC, LSL, MP, OB, PS, PSEF, QNQ, SGC,
SGCO04, TN, TYO, and UD. All territories selected had nests in for-
est and had between 20% and 50% tree coverage in their territory.
The territories were not contiguous; rather, they were located on
either side of the road (~11 km). All magpies in the study (z = 338)
were captured using a wire trap baited with grated cheese. Young
birds were captured soon after fledging. It was not possible to sample
them while still in the nest because magpies nest very high in tall eu-
calypt (Eucalyptus spp.) trees. They were bled from the toenail and
individually color-banded with powder-coated stainless steel bands
according to the requirements of the Australian Bird and Bat Band-
ing Scheme. Blood samples were stored in tissue lysis buffer until re-
turned to the laboratory, where they were stored at -80°C.

Field observations.—Territory membership was determined
by field observation during three study periods each year. Following
banding of all birds in a territory in the previous season, territories
were observed for a 1-week period in September, while nests were
being attended; a 4-week period in November following fledging
of young from nests; and finally a 1-week period in March to estab-
lish survival of fledged young. Presence in a territory required that a
bird be observed within the territory boundaries on three separate
watches (20 min territory™) during each study period, a method sim-
ilar to that used in other studies of magpie parentage (i.e., Hughes et
al. 2002, Durrant and Hughes 2005). The sex and back color of ev-
ery member of a territory were determined both while in the hand
and by observation through a telescope. Back color for each bird was
scored following Hughes et al. (2002): pure white-backed birds were
given a 0, pure black-backed birds were given a 4, and intermediates
were scored 1-3 depending on the proportion of black band on their
backs (Fig. 1). Back color can easily be determined in fledglings be-
cause those sections of the back that will eventually be white are pale
gray, whereas those that will be black are dark gray.

Microsatellite analysis.—Eight microsatellite loci were se-
lected from a library developed at Griffith University specifi-
cally for the magpie: Gt43a, Gtll5b, Gtll5a, Gtll2a, Gt67c,
Gt20la, Gt206b (Hughes et al. 2003), and Gt208 (Durrant
and Hughes 2005). Total genomic DNA was isolated from
whole blood using standard phenol-chloroform procedures



OCTOBER 2011

— MATE CHOICE IN THE AUSTRALIAN MAGPIE —

691

(Baker et al. 2000). Polymerase chain reaction (PCR) am-
plification of microsatellites for each primer set was carried
out in 12.5-pL reactions containing 1.25 pL of 10x Taq poly-
merase buffer, 2 mM magnesium chloride, 0.2 mM of dNTPs,
0.4 uM of forward and reverse primers, 0.25 U of Biotech Taq
polymerase, and 50-100 ng of DNA template. For all micro-
satellite loci, an initial 3-min 94°C denature cycle was fol-
lowed by 30 cycles of 94°C for 30 s, annealing temperature for
30 s and 72°C for 30 s, followed by an additional extension step
of 72°C for 7 min. Annealing temperatures followed those out-
lined in Hughes et al. (2003) and Durrant and Hughes (2005).

Microsatellite product was mixed with 12.5 pL of deinon-
ized formamide and denatured at 95°C for 5 min and cooled im-
mediately on ice before being loaded onto 5% polyacrylamide gels
on a Gelscan 2000 Genetic Analyser (Corbett Research, Mort-
lake, Australia). A commercial standard was used to size products
across and among gels (ABI PRISM Tamra 350). Additionally, a
homemade size standard of pooled product from several individu-
als was used to ensure reproducibility of results.

All birds were genetically sexed following methods developed by
Griffiths et al. (1996). This method is PCR based and designed to am-
plify homologous fragments of the CHD-Z and CHD-W genes with
two primers (P2 and P8). The target fragments were amplified with
30 cycles of the following program: 94°C for 30 s, 54.5°C for 30 s, and
72°C for 30 s. The amplified product was electrophoresed through a
3% agarose gel in 0.5x TBE buffer and the bands were visualized un-
der a UV light. Females were identified by having two bands (ZW)
and the homogametic males as having a single band (ZZ).

Statistical analysis.—Allele frequencies, expected and ob-
served heterozygosities, and exact tests for deviation from Hardy-
Weinberg equilibrium were calculated in GENEPOP (Raymond
and Rousset 1995) to check for null alleles and test for inbreeding.
Exclusion probabilities for female parent only (P,.!") and male
parent when female parent is assigned (P, %) were calculated for
each locus following Jamieson (1994).

Alladults (>2 years) present in a territory during a breeding sea-
son were considered as potential parents for juveniles fledged in that
territory during that breeding season. We calculated two indices of
parentage. First, we assigned within-pair fertilization (WPF) when
a territorial female and dominant territorial male were assigned as
parents and EPF when offspring were not sired by the dominant
male in the territory. Second, we assigned within-group fertilization
(WGF) when a territorial female and any territorial male were as-
signed parentage and EGF when offspring were not sired by any adult
male in the group. Parentage was assigned with CERVUS (Marshall
et al. 1998), allowing one possible mismatch due to genotyping er-
ror, mutation, or the presence of null alleles. We assumed that 75%
of candidate parents had been sampled, and typing error was set at
0.01. Maternity was assigned first, followed by attempts to assign pa-
ternity from males within the territory during the breeding season.
For those offspring assigned to more than one maternal or pater-
nal parent, the log-likelihood ratio (LOD scores) or combined LOD
scores were used to assign the most likely parents.

We tested for a relationship between back color of dominant
male in the territory and EPF in two ways. First, each fledging was
used as a data point and a contingency table was set up to exam-
ine the relationship between back color of the dominant male and
whether or not he was cuckolded. Second, we used each territory
as a data point (except where the dominant male changed during

the study, which occurred in eight territories) and calculated the
proportion of times the dominant male was cuckolded. We used
a Spearman’s rank correlation to test for a positive correlation be-
tween back color (ranging from 0 for pure white backs to 4 for
pure black backs) and percent EPF. We also compared EPF be-
tween magpie pairs of the same and different back colors using
chi-square tests to test for positive assortative mating.

We tested for a relationship between the number of helpers
inaterritory and the proportion of extrapair offspring in each ter-
ritory. Helpers were defined as the average number of adult birds
(>2 years), excluding the parental birds within each territory. The
numbers of EPFs and WPFs were tabulated for each territory with
helpers ranging from 2 to >7 for total helpers and 1 to >5 for male
helpers and female helpers. Spearman’s rank correlation coeffi-
cient (p) was used to identify and test for significant relationships
between the number of EPF and the number of helpers.

An index of relatedness (r) between individuals within ter-
ritories was calculated in KINSHIP, version 1.3.1 (Queller and
Goodnight 1989). We tested for a relationship between the relat-
edness of the dominant male and his social partner and the pro-
portion of EPFs using a Mann-Whitney U test.

REsuLTS

Demographics and parentage assignment.—We captured 212 juve-
niles within the 19 territories between 1995 and 2005. Some terri-
tories changed in number of adults each year and ranged from 2 to
11 adults over the period of study (mean in the year 2000 = 5.6). The
total number of adults analyzed for parentage was 174, which com-
prised 103 females and 71 males, of which 48 had been captured as
juveniles during the study. Female back-color distributions, classified
on a scale of 0 to 4, were 17, 12, 15, 26, and 33, respectively, whereas
for males the distribution was 13, 3, 9, 23, and 23, respectively. Six
offspring were excluded from the analysis because sampling of terri-
torial adults in that year was incomplete, and one other was excluded
after extraction of low-quality DNA template (n = 205 usable off-
spring). Of these, 137 were assigned to maternal and paternal parents
within the territory from which they fledged (= WGF) and 54 were as-
signed to a maternal parent but no paternal parent within their terri-
tory (= EGF). WPFs accounted for 118 offspring (i.e., maternal parent
and the dominant male). The difference between WGF and WPF sug-
gests that only 19 of 205 offspring (9.3%) were sired by nondominant
territorial males mating with territorial females, compared with 118
of 205 young (57.6%) that were sired by the dominant territorial male
and a territorial female. Six offspring were assigned to within-group
males but not within-group female parents, which suggests intraspe-
cific brood parasitism, and eight offspring were unassigned. Within
territories, the proportion of offspring that resulted from EPFs ranged
from 0% to 69.2%. Under the parameters we selected for CERVUS, 37
offspring were assigned to a resident female with a mismatch present
and 29 offspring were assigned to a resident male with a mismatch.
These mismatches represented 2.4% of bands scored as a result of typ-
ing error or mutation or a combination of the two.

The number of alleles and observed and expected heterozy-
gosities for microsatellites are given in Table 1. Hardy-Weinberg
exact tests were conducted on a subset of the data using only
adults banded in territories in 2000 to avoid including family
groups. No loci deviated from HWE after Bonferroni correction.
Exclusion probabilities per locus were moderate with no parent
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TasLe 1. Characteristics of microsatellite loci used for parentage analysis
in a population of Australian Magpies in the hybrid zone in southeastern
Australia sampled between 1992 and 2005 (H = observed heterozy-
gosity, H, = expected heterozygosity, P.,.' = exclusion probability for
first parent assigned, Py, ? = exclusion probability when both parents are
assigned, and F ¢ = inbreeding coefficient; **P < 0.01, *P < 0.05).

Number of

Locus alleles Hg H, Pee' Pl Fs
Gt43a 20 0.844 0.884 0.622 0.767 0.015
Gt115b 17 0.799 0.87 0.586 0.74 -0.005
Gtl15a 19 0.716  0.748 0.366 0.544 0.095
Gt112 24 0.907 0931 0.752 0.859 0.006
Gt67c 6 0.451 0.461 0.111 0.258 0.008
Gt201a 17 0.749 0.768 0.407 0.588 -0.005
Gt206b 16 0.803 0.829 0.496 0.665 -0.043
Gt208 18 0.818 0.814 0.493 0.667 -0.063
Total 6to 24 0.997 0.999

assigned (0.366—-0.752) and high with maternal parent assigned
(0.544-0.859). Exclusion probabilities for the combined eight loci
were 0.997 and 0.999, respectively.

Extrapair fertilizations and back color—There was a significant
relationship (¥ = 10.3, df = 4, P < 0.04) between the probability of a
juvenile being fathered by an outside male and the back color of the
dominant male of the territory (Fig. 2); thus, EPFs were not random
with respect to back color of the dominant male. This relationship
was not significant (}? = 2.2, df = 2, P = 0.34) when all intermediate
back-color forms were pooled. No general pattern was noted for the
different back-color groups, and the significant result was due to the
high incidence of EPF for offspring when the dominant male had a
back color of 1 (M1). This is, in a sense, pseudoreplicated because each
offspring was regarded as a data point, with multiple offspring from
a single territory. When the analysis was redone and the proportion
of offspring from EPF was estimated using each of the territories as a
single data point (unless the dominant male changed), there was no
significant relationship (p = —0.04, P = 0.82) between back color of the
male and level of EPF. The initial impression of an increased propor-
tion of EPF in territories with M1s was caused by one territory with
one M1 that had a particularly high level of EPF.

The analysis of the relationship between proportion of EPF
and social partner with the same or a different plumage form
(Fig. 3) was nonsignificant (¥* = 0.001, df = 1, P = 0.97). The rela-
tionship was also nonsignificant (y? = 0.014, df = 1, P = 0.91) when
intermediates were pooled as one plumage form (i.e., any inter-
mediate mating with an intermediate was considered as mating
within the same plumage form). In other words, there was neither
positive nor negative assortative mating.

Helpers, relatedness, and extrapair fertilizations.—The to-
tal number of helpers was correlated significantly with the pro-
portion of EPFs (p = 0.89, P = 0.019). The proportion of EPFs also
increased as the number of female helpers increased (p = 0.94,
P = 0.005; Fig. 4). The number of male helpers showed a positive
trend with increasing helper numbers, although the relationship
was not significant (p = 0.7, P = 0.19). There was no relationship be-
tween relatedness of a female and her social partner and the likeli-
hood that she would cuckold him (z = —0.686, P = 0.25).

Despite the fact that there appeared to be no clear relation-
ship between the probability of EPFs and plumage or relatedness
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Back color of dominant male

FIG. 2. The relationship between back color of dominant male Australian
Magpies (sampled in 1992-2005) and extrapair fertilization (EPF) in the
hybrid zone in southeastern Australia. Bars represent proportion of young
resulting from EPFs for each class of back color of the dominant male (0 is
white-backed and 4 is black-backed; 1-3 are intermediate back color).
Numbers above bars indicate the number of young resulting from EPFs
within the study period.

0.8 1

54 87
0.6 1
0.4 4
: 19 31
E .
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Same back color Different back color

Proportion of EPF and WPF

Back color of female parent and dominant male

FIG. 3. The relationship between the back color of social partners and ex-
trapair fertilization (EPF) in a population of Australian Magpies (sampled
in 1992-2005) in the hybrid zone in southeastern Australia. Bars represent
the proportion of EPF (black) and within-pair fertilization (WPF; gray) for
social partners within the same back-color class or within different back-
color classes. Five back-color classes were used (0 is white-backed and 4
is black-backed; 1-3 are intermediate back color). Numbers of EPFs and
WPFs for the same back color of social partners and for different back color
of social partners are shown above bars.

between social partners, variation among territories in the per-
centage of offspring fathered by outside males was high. For ex-
ample, in one territory (TN), all four (100%) offspring that fledged
during the study period resulted from EPFs, whereas in two
other territories (UD, EH), only 1 of 13 (<8%) and 0 of 4 (0%) were
fathered by an outside male over this same period (Table 2).
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TABLE 2. Assigned parentage for 205 Australian Magpie offspring from 19 territories, sampled from a
population in the hybrid zone in southeastern Australia between 1992 and 2005. Numbers of offspring
resulting from within-pair fertilization (WPF) and extrapair fertilization (EPF) are shown for each territory.

Mean Mean Paternal
Number of number number of parent No parents
Territory juveniles of females males WPF EPF assigned assigned
A 8 2.33 217 4 4 0 0
AH 11 3.33 2.78 9 2 0 0
ARV 7 3.33 1.33 6 1 0 0
BS 3 3.5 2 1 1 1 0
CS 9 2.33 1.83 5 4 0 0
DIl 6 3 1.33 3 3 0 0
EH 4 3 2 4 0 0 0
GC 1 2.42 1.43 9 1 0 1
LSL 9 2.8 1.2 8 1 0 0
MP 24 3 1.78 15 8 0 1
OB 18 3.9 2.7 5 1 0 2
PS 21 3.89 2.67 13 8 0 0
PSF 7 2.75 5 3 2 0 2
QNQ 9 2 2 6 2 1 0
SGC 19 3 1.2 11 7 0 1
SGCO04 3 2.5 2 0 2 1 0
TN 4 2.33 2.67 0 4 0 0
TYO 19 3 3 4 11 3 1
ub 13 2.63 1.38 12 1 0 0
Totals 205 118 73 6 8
DiscussioN territories having very few or no offspring assigned as resulting from

Magpies in the hybrid zone bred regularly outside their pair bond
(26% were EGFs and 36% were EPFs) but at lower rates than has been
recorded elsewhere (88% and 44% EGFs in a Western Australian
population [Hughes et al. 2003] and in a purely white-backed pop-
ulation [Durrant and Hughes 2005], respectively). However, there
was wide variation in the occurrence of EPFs in our study, with some
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FIG. 4. The relationship between the number of helpers within a territory and
the proportion of extrapair fertilizations (EPFs) in a population of Australian
Magpies (sampled in 1992-2005) in the hybrid zone in southeastern Austra-
lia. Points represent the proportion of EPFs within each class of helpers. The
numbers on the x-axis represent number of helpers within a territory within a
period when the dominant male did not change. Proportions of EPFs in each
class of male helpers are indicated by circles and those in females by squares.
Total number of offspring within each helper class is shown next to the points.

EPFs and one territory having all offspring assigned to EPFs.

Our primary goal was to test two hypotheses concerning
mate choice in the magpie hybrid zone. Because we often could
not identify the father (e.g., if he had come from an unsampled ter-
ritory), we did this by examining whether there was a relationship
between the probability of a male magpie being cuckolded and his
plumage pattern. Our hypotheses were (1) that the brightest males
would be less likely to be cuckolded or (2) that the males that did
not match the plumage of their partner would be more likely to be
cuckolded. Either of these outcomes would help explain the main-
tenance of the hybrid zone in southeastern Australia. The first
would result if the hybrid zone was produced by different selection
pressures north and south of the zone. As Hughes et al. (2001) sug-
gested, black-backed birds would be favored north of the zone be-
cause they and their nests would be less conspicuous to predators
than white-backed birds in the largely open habitats found there.
Conversely, white-backed birds would be favored in the more for-
ested south because, although they were more likely to attract
predators, this was outweighed in their heavily wooded habitat
by their mating advantage. Brightly colored males may be cho-
sen because brightness is directly environmentally induced (low
parasite load, good territory, etc.; Roulin 2004), because brightly
colored males are intrinsically superior (good genes; Reudink et
al. 2006, Pryke and Griffith 2007), or both. Furthermore, Galeotti
et al’s (2003) review concluded that much color polymorphism
evolved under selective pressures linked to detectibility affected
by different light environments, with the selective agents being
prey, predators, or competitors.

Support for the second hypothesis would suggest that the
hybrid zone is maintained by birds choosing to mate more often
with others of the same or similar plumage pattern, as suggested
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for Carrion and Hooded crows (Haas et al. 2010) and Lazuli and
Indigo buntings (Baker and Boylan 1999).

Both hypotheses were rejected because there was no signifi-
cant relationship between back color and the probability of being
cuckolded, despite the appearance of a significant statistical rela-
tionship driven by one male (back color M1). The only factor that
was clearly related to the probability of EPFs in a territory was the
number of female helpers. Magpie territorial groups are usually
initiated by a small group of two to five birds, either from neigh-
boring territories or from the nonterritorial flock (Carrick 1972).
Once the group has established a territory, it is very rare for new
birds to come from outside. In other words, almost all of those that
were not in the initial group were fledged there. From our obser-
vations in the study area, new adult magpies move into a territory
only when there are no longer any of that sex remaining or when
the remaining bird is very old. Thus, in most cases, female helpers
in the territory are daughters of the dominant pair and, hence, if
the mother has mated with the dominant male (i.e., not an EPF),
the helpers would be the daughters of the dominant male. Mat-
ing with an outside male thus avoids inbreeding and its potential
genetic disadvantages (Keller and Waller 2002). Thus, social and
sexual mate choice associated with back color may be random and
EPF may be related to other intra-territorial relationships.

We tested the hypothesis that females would be more likely to
mate with extrapair males if the dominant male was a close relative.
By following territorial groups from 1992 through 2009, we know
that some are composed of apparently very closely related birds. For
example, one territory consists of males and females all fledged in
the same territory, adjacent to their current territory (J. M. Hughes
unpubl. data). Another territory included two adult females and a
single male that had fledged in the same territory and took over af-
ter the dominant male disappeared. Contrary to expectations, there
was no evidence for any relationship between relatedness and prob-
ability of EPFs. Females were not more or less likely to cuckold the
dominant male if they were closely related to him.

Nevertheless, there were clear differences among territories,
with some females consistently mating with the dominant male
and others consistently mating with outside males, regardless of
his plumage pattern or relatedness to the female breeder. Other
factors associated with male fitness may be important, although
a study of a pure white-backed population that attempted to esti-
mate other components of fitness, such as male weight and inter-
nal and external parasite load, also found no relationship with the
proportion of EGFs (Durrant and Hughes 2006).

Our initial goal was to explain the maintenance of the hy-
brid zone between white-backed and black-backed magpies in
southeastern Australia. In previous molecular work, we had dem-
onstrated that neither mitochondrial (Hughes et al. 2001) nor nu-
clear microsatellites (Toon et al. 2007) showed any differences
across this hybrid zone. We were thus able to reject the notion
that the zone could be merely the result of historical separation
followed by secondary contact. Even if there had been historical
separation north and south, the lack of genetic differentiation at
neutral markers strongly implies that the differences in back color
must be maintained by some form of natural selection related to
the environment, balanced by asymmetrical mate choice or some
form of positive assortative mating. The results of the present
study rejected both hypotheses. Female magpies were not more
likely to engage in EPF if their partner had a black or intermediate

back color. Furthermore, mothers were not more likely to cuckold
their partners if they had a different back color.

If natural selection indeed favors black-backed magpies in
the north, the question still remains as to why all magpies are not
black-backed. One possible explanation is that black and white
feathers provide different levels of resistance to disease or para-
sites. However, the work that has been done in this area suggests
that black feathers are more resistant to bacteria (Burtt and Ichida
2004). In fact, this has been suggested as an explanation for the
tendency of plumage to be darker in hotter, more humid climates,
where bacterial attack is likely to be greater (Burtt and Ichida
2004). So, while this provides an additional selective advantage for
black-backed birds in the north, it does not explain the apparent
advantage of white-backed birds in the south.

At this stage, the only other explanation is that white feathers
are “cheaper” to produce. Some work on seabirds tends to support
this idea. Indeed, a review by Tickell (2003) showed that, despite
attempts to find evidence for adaptive advantages of white feath-
ers, most of the results were not very convincing and probably, in
general, feathers are white “by default.” Furthermore, Bortolotti et
al. (2006) showed that individual Red-legged Partridges (Alectoris
rufa) in poor condition were unable to produce totally melanized
feathers. These possibilities require further investigation.
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