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Capsule Sister taxa hybridize more frequently than non-sister taxa.
Aims To test whether the frequency of hybridization is higher in avian sister species than in non-sister
species, based on molecular phylogenetic relationships and reports of hybridizing bird species globally.
Methods A literature based survey of hybridizing bird species was conducted on genera that: (1) have a
completely known phylogenetic molecular tree for at least 90% of the total number of species, (2) have at
least four species, (3) have an incidence of hybridization more than 25% recorded from the wild, and (4)
have at least two pairs of hybridizing species. The frequency of hybridization for avian sister species was
compared to that of non-sister species.
Results Twenty-nine genera were identified that met our four selection criteria. In 25 genera, sister species
hybridized more than non-sister species (mean frequencies of 0.52 ± 0.35 versus 0.16 ± 0.13).
Conclusion The frequency of hybridization within sister species was found to be higher than within nonsister species.

Hybridization could play an important role in speciation,
and hence provide new material for evolution (Newton
2003, Price 2008). Hybrids are formed when different
species or subspecies interbreed, resulting in the
combination of genetic material from previously
isolated gene pools (Schwenk et al. 2008, Arnold
1992). Hybrid speciation was once thought to be rare
in animals, but over the past decade, improved
molecular analysis techniques and increased research
attention have allowed scientists to uncover many
examples of natural hybridization (Brelsford 2011).
Hybridization is relatively common in birds: for
example, there is a widely quoted figure of
approximately 1 in 10 of the world’s species of birds
having hybridized in nature and having produced
hybrid offspring (Grant & Grant 1992). Aliabadian
and Nijman (2007) calculated a higher incidence of
hybridization, increasing the estimate from 9.8%
(Grant & Grant 1992) to 19% based on McCarthy
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(2006). This increase, to some extent, is inflated by
the inclusion of some subspecies of Grant & Grant
(1992) listed by McCarthy (2006) as good species.
Different factors might enhance hybridization and
these factors, in turn, might differ among families and
orders. It has already been noted that close genetic
relationships are a key factor facilitating hybridization
(Randler 2006). Many evolutionary biologists take for
granted that sister taxa hybridize more than non-sister
taxa because of their similar morphology between
members of sister taxa (Randler 2002, 2004, 2006) and
where this is involved with speciation assume that
hybridization most likely occur between the sister taxa
(Grant & Grant 1997, sister taxa are those presented
as most-closely related in a phylogeny). However, to
the best of our knowledge, this hypothesis has not yet
been tested.
Although there are some examples of hybrids between
species of different genera, e.g. Aix with Anas, Aythya,
Bucephala and Lophodytes (McCarthy 2006), it seems
likely that hybridization occurs most frequently
between species within the same genus. Many such
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examples can be extracted from literature concerning
plants, insects, fish, birds and primates. Nevertheless,
even inside the same genus, there can be large
differences in the molecular divergences between
species that hybridize. For example, hybrids occur
within the closely related diver genus Gavia (Roselaar
et al. 2006) and also within the distantly related
Heliconius butterfly species (Dasmahapatra et al. 2007).
Systematic data on the incidence of hybridization in
birds has been available since 1958, when Gray listed
all known hybridizing bird species. McCarthy (2006)
updated Gray’s survey and provided an exhaustive
compilation of all cases of avian hybridization under
both wild and captive conditions. However, the
hypothesis of ‘hybridization in avian sister species
occurs more than in non-sister species’ still remains
untested. This study examines the evidence for the
hypothesis based on available molecular phylogenetic
studies and known hybridizing bird species of the world
as included in McCarthy’s (2006) compendium.
METHODS

Based on the Handbook of Avian Hybrids of the World
(McCarthy 2006), a complete checklist of the birds of
the world (Dickinson 2003), and available molecular
phylogenetic papers (in English, published prior to
January 2012), a survey of the hybridizing species of
avian genera was conducted regarding the following
criteria: (a) have a completely known phylogenetic
molecular tree for at least 90% of the total number of
species within the genus, (b) have at least four species,
(c) have an incidence of hybridization more than 25%
recorded from the wild, and (d) have at least two pairs
of hybridizing species. These thresholds were applied in
order to have undisputed relations of species within
each genus (which species are sisters and which are
not; threshold a), informative genera in statistical
terms (thresholds b, c and d) and hybridization only in
natural conditions because many hybridizations
reported in captive have never been seen in nature.
The taxonomy and nomenclature of taxa of Dickinson
(2003) was followed. McCarthy (2006) used a slightly
different taxonomy resulting in exclusion of some of
the species listed in McCarthy from our analysis.
Genera with only one hybridizing species pair were
ignored because in these cases the probability of
hybridization is only present for sister or non-sister
species and leads to biased results.
The distribution maps of each species in a pair were
compared to identify which species pairs are in contact
Q 2013 British Trust for Ornithology, Bird Study, 1–7

in their distribution range. To do so, the distribution
maps of the Handbook of the Birds of the World (Del
Hoyo et al. 1992–2011) and GIS maps of Birdlife data
set (http://www.birdlife.org/) were used, as well as more
detailed extended maps of handbooks for some bird
orders (e.g. Hollom et al. 1988, Ferguson-Lees &
Christie 2001, Shirihai et al. 2001, Madge &
McGowan 2002). The frequency of hybridization for
each genus was calculated for sister and non-sister
species separately (Table 1). For this, within a genus,
the total number of hybridizing sister pairs or nonsister pairs were divided by the total number of sister
or non-sister species pairs which are in contact
(extracted from Appendix). The incidence of
hybridization for each genus was calculated as the total
number of species involved in hybridization divided by
total number of species. Then, a Wilcoxon signedranks test was conducted to test for a difference in
hybridization frequency between the two groups.
Contingency tables (2 × 2) and the Fisher’s Exact
Probability Test were also used to test the hypothesis
(Appendix).
RESULTS

According to our literature reviews, 15 passerine and 14
non-passerine genera were found that comply with
the applied thresholds in this study. They are: Buteo,
Larus, Sylvia, Turdus, Anas, Picoides, Pteroglossus,
Hippolais, Aquila, Acrocephalus, Celeus, Malurus, Parula,
Basileuterus, Dendroica, Grus, Oporornis, Icterus, Euplectes,
Saxicola, Geothlypis, Progne, Spizella, Alectoris, Lophura,
Gallus, Lampornis, Callipepla and Coeligena. They are
placed in 19 families, of which Parulidae is the most
diverse family with five genera (Table 1). Fig. 1 shows
that the mean of frequency of hybridization is higher
within sister species than non-sister species in the
studied genera and a Wilcoxon signed-ranks test
revealed that the difference was significant (z = –3.80,
P < 0.01, sister species mean: 0.52 ± 0.35 sd, se = 0.07,
non-sister species mean: 0.16 ± 0.13 sd, se = 0.05). The
proportion of sister taxa that hybridize compared with
the hybridizing non-sister taxa is greater in all genera
except in the genera Grus, Geothlypis, Spizella and
Alectoris in which there are no hybridizing sister species.
Distribution maps of sister species pairs within genera
Grus and Alectoris do not overlap, but there is overlap in
distribution within genera Geothlypis and Spizella.
Taking into account the four thresholds for inclusion
of the studied genera, the mean incidence of
hybridization of the species is high (55.8%). The

Genus

Family

No. species
(Dickinson)

No. species involved in Frequency of hybridization
hybridization
for sister species

Frequency of hybridization
for non-sister species

Incidence of
hybridization

References used to access the
phylogenetic trees
Riesing et al. 2003
Pons et al. 2005
Bohning-Gaese et al. 2003
Voelker et al. 2007
Johnson & Sorenson 1999
Helbig & Seibold 1999
Lerner & Mindell 2005
Weibel & Moore 2002
Eberhard & Bermingham
2005
Fregin et al. 2009
Benz & Robbins 2011
Driskell et al. 2011
Lovette et al. 2010
Lovette et al. 2010
Lovette et al. 2010
Fain et al. 2007
Lovette et al. 2010
Jacobsen et al. 2010
Prager et al. 2008
Illera et al. 2008
Lovette et al. 2010
Sheldon et al. 2005
Canales-del-Castillo et al.
2010
Randi, 1996
Randi et al. 2001
Eo et al. 2008
García-Moreno et al. 2006
Eo et al. 2008
Parra et al. 2009

Buteo
Larus
Sylvia
Turdus
Anas
Hippolais
Aquila
Picoides
Pteroglossus

Acciptridae
Laridae
Sylvidae
Turdidae
Anatidae
Sylvidae
Acciptridae
Picidae
Ramphastidae

26
43
18
65
41
8
10
12
12

7
25
7
18
32
6
5
7
9

0.67
0.66
0.16
0.30
0.80
0.67
0.33
0.50
0.33

0.07
0.22
0.05
0.06
0.34
0.12
0.11
0.15
0.17

0.27
0.58
0.39
0.28
0.78
0.75
0.50
0.58
0.75

Acrocephalus
Celeus
Malurus
Parula
Basileuterus
Dendroica
Grus
Oporornis
Icterus
Euplectes
Saxicola
Geothlypis
Progne
Spizella

Sylvidae
Picidae
Maluridae
Parulidae
Parulidae
Parulidae
Gruidae
Parulidae
Icteridae
Ploceidae
Muscicapidae
Parulidae
Hirundinidae
Emberizidae

31
11
13
4
22
29
10
4
26
17
10
9
9
7

8
6
7
3
9
17
7
4
9
5
5
3
5
4

0.20
1
0.25
1
0.60
0.50
0.00
1
1
0.25
0.25
0.00
0.5
0.00

0.07
0.07
0.04
0.33
0.02
0.05
0.50
0.20
0.02
0.00
0.09
0.12
0.13
0.17

0.26
0.55
0.54
0.75
0.41
0.59
0.70
1
0.34
0.29
0.50
0.33
0.55
0.57

Alectoris
Lophura
Gallus
Lampornis
Callipepla
Coeligena

Phasianidae
Phasianidae
Phasianidae
Trochilidae
Odontophoridae
Trochilidae

7
11
4
7
4
10

5
6
3
4
3
6

0.00
0.66
1
0.50
1
1

0.42
0.18
0.25
0.28
0.43
0.11

0.71
0.54
0.75
0.57
0.75
0.60
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Table 1. Incidence and frequency of hybridization in sister and non-sister hybridizing species pairs within 29 genera of birds with overlapping ranges.
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Figure 1. Boxplot of the rate of hybridization in sister and non-sister
species pairs in birds with overlapping ranges.

highest incidence of hybridization was recorded for the
genus Oporornis. The number of species in this genus is
small (4 species), but all species are known to
hybridize. The genus Anas also shows one of the
highest incidence of hybridization (0.78) with a large
number of species showing hybridization (32 out of 41
species).
Although overall frequency and probability of
hybridization was significantly higher within sister
species than in non-sister species where there is an
overlap in their distribution ranges (Fig. 1), there were
only eight individual genera (Larus, Turdus, Celeus,
Dendroica, Buteo, Icterus, Anas and Basileuterus) where
this reached statistical significance using Fisher’s Exact
Probability tests (Appendix).

DISCUSSION

Although many evolutionary biologists take it for
granted that sister taxa hybridize more than non-sister
taxa, hitherto this hypothesis had not been explicitly
tested. Our data show that, for species with
geographically overlapping distribution ranges, the
frequency of hybridization within sister species is
significantly higher than non-sister species within the
same genus. The higher frequency of hybridization
within sister species does not necessary means that the
actual number of hybrids within sister species in nature
is higher than in non-sister species because fewer sister
species pairs were in contact than non-sister species
pairs. In this study these numbers differed remarkably;
185 non-sister species were in contact and hybridized
in contrast to 42 sister species.
Q 2013 British Trust for Ornithology, Bird Study, 1–7

Different approaches have tried to identify factors
facilitating natural hybridization in birds, but it is not
yet clear why hybridization is more common in some
taxa and absent or rare in others (Randler 2004).
Several factors such as environmental and behavioural
factors are known as the main causes for hybridization
in birds (Randler 2006, McCarthy 2006). It is argued
that closely related species separated by small genetic
distances can increase the propensity for hybridization,
but this is not necessarily an indicator of hybridization.
For example, Blue-winged Warbler (Vermivora pinus)
and Golden-winged Warbler (V. chrysoptera), two
sister species which regularly hybridize, are separated
by a Nei’s genetic distance of 0.001–0.012, while nonhybridizing species Yellow-rumped Warbler (Dendroica
coronata) and Prairie warbler (D. discolor) have, when
in contact, a genetic distance of zero (Hepp et al. 1988).
The spatial distribution of species is an important
factor that determines opportunities for hybridization.
Some species are entirely sympatric and exhibit a
certain level of hybridization while maintaining their
integrity (Mallet 1995, Coyne & Orr 2004). Other
species are partially allopatric, and hybridize in the
overlapping distribution areas forming hybrid zones
which are maintained more or less stably.
Hybridization can be promoted when two species enter
in secondary contact, especially if those species are
relatively young and reproductive isolation is still not
complete (Machado-Schiaffino et al. 2010). In this
study, distribution for some genera (Alectoris and Grus)
overlap only with non-sister taxa so hybridization
cannot occur in sister taxa although they may have a
potential for hybridization. Sister species with a
parapatric distribution (species with contiguous or
narrow overlap zones) may not have developed perfect
species recognition mechanisms. Therefore, rarity at
the boundary of the range of a species plus similarity in
appearance and mating signals between sister species
might encourage mixed pairing and hybridization.
Rapid radiation and recent speciation in a genus, and
convergent adaptation to similar habitats, also may
enhance hybridization between related taxa. In some
cases, hybridization may be a function of divergence
across a sharp ecological gradient while in primary
contact, a model supported, for example, by various
studies in the northern Rocky Mountains of North
America (Irwin 2012). Moreover, there is abundant
evidence that many bird species, oscine passerines
especially, are reproductively isolated at the premating
stage, a pattern that suggests a substantial and rapid
radiation that is recent in geological time.
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For some genera, all hybrids recorded by McCarthy
(2006) indeed occur between subspecies, according to
Dickinson’s taxonomy, and for some genera the
number of hybridizing bird pairs decreases from 5 to 1
when Dickinson’s taxonomy is followed. Therefore,
the frequency of hybridization for sister and non-sister
species is different depending on which taxonomy is
followed. Dickinson’s taxonomy was followed in this
study because it is most consistent with the biological
species concept. Some species listed by McCarthy
(2006) are controversial and some authors prefer to
lump them.
Although frequency of hybridization was found to be
higher within sister species than non-sister species in
contact, the reasons that only eight genera in
Fisher’s Exact Probability test have significant P
values are likely to be (1) the low number of species
in some genera and (2) spatial distribution does not
allow contact between sister taxa in some genera.
The results of this study may therefore be biased
because of some of the thresholds applied and the
low number of species for many genera (for example,
Callipepla, Oporornis and Parula had non-significant P
values in Fisher’s Exact Probability tests whereas
genera with a large number of species had significant
P values, e.g. Larus, Turdus, Anas). Access to more
complete phylogenetic trees of the genera with a
large number of species would probably increase
these significances.
The question addressed in the study could be applied
in a similar way for other groups of animals in order to
test the sister taxa propensity for hybridization. In
summary, on the basis of data culled from McCarthy’s
(2006) compendium of hybrid birds coupled with
known phylogenetic molecular trees, we conclude that
sister species do indeed hybridize more frequently than
non-sister species, thus providing support for a longassumed but previously untested assumption.
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Appendix. Contingency table for sister and non-sister hybridizing species pairs of birds.

Genus
Acrocephalus
Celeus
Anas
Malurus
Parula
Turdus
Pteroglosus
Picoides
Basileuterus
Dendroica
Grus
Oporornis
Buteo
Larus
Hippolais
Aquila
Sylvia
Icterus
Euplectes
Saxicola
Geothlypis
Progne
Spizella
Alectoris
Lophura
Gallus
Lampornis
Callipepla
Coeligena

Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa
Sister taxa
Non sister taxa

No. hybridizing pairs

No. non-hybridizing pairs
but in contact

1
7
2
2
4
55
1
1
1
1
3
12
1
5
1
5
3
2
4
13
0
6
1
1
2
6
4
29
2
2
1
3
1
4
1
3
1
1
1
2
0
2
1
2
0
4
0
5
2
3
1
1
1
2
1
3
1
3

4
91
0
25
1
105
3
24
0
2
7
185
2
22
1
27
2
102
4
216
0
6
0
4
1
76
2
105
1
14
2
24
5
86
0
152
4
115
3
20
1
15
1
13
1
19
0
7
1
14
0
3
1
5
0
4
0
25

P value
0.33
0.01
0.05
0.26
1
0.03
0.50
0.32
< 0.001
< 0.001
1
0.33
0.02
0.03
0.10
0.35
0.28
0.02
0.08
0.40
1
0.33
1
1
0.14
0.40
1
1
0.14
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