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1  | INTRODUC TION

The Greek philosopher Aristotle extensively described hybrids in his 
Historia Animalium and even called upon hybridization to explain the 
species richness in Africa: “And the proverb about Libya [Africa], that 
‘Libya is always producing something new,’ is said to have originated 

from animals of different species uniting with one another in that 
country, for it is said that because of the want of water all must meet 
at the few places where springs are to be found, and that even differ‐
ent kinds unite in consequence.” Similarly, Linnaeus considered hy‐
bridization as a creative force in the origin of new species (Linnaeus, 
1751). In Disquisitio de Sexu Plantarum, he stated that “it is impossible 
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Abstract
Hybridization is increasingly recognized as a creative evolutionary force contributing 
to adaptation and speciation. Homoploid hybrid speciation—the process in which hy‐
bridization results in a stable, fertile, and reproductively isolated hybrid lineage 
where there is no change in ploidy—has been documented in several taxa. 
Hybridization can directly contribute to reproductive isolation or reinforce it at a 
later stage. Alternatively, hybridization might not be related to the evolution of repro‐
ductive isolation. To account for these different scenarios, I propose to discriminate 
between two types of hybrid speciation: type I where reproductive isolation is a di‐
rect consequence of hybridization and type II where it is the by‐product of other 
processes. I illustrate the applicability of this classification scheme with avian exam‐
ples. To my knowledge, seven hybrid bird species have been proposed: Italian spar‐
row, Audubon’s warbler, Genovesa mockingbird, Hawaiian duck, red‐breasted goose, 
golden‐crowned manakin, and a recent lineage of Darwin’s finches on the island of 
Daphne Major (“Big Bird”). All studies provide convincing evidence for hybridization, 
but do not always confidently discriminate between scenarios of hybrid speciation 
and recurrent introgressive hybridization. The build‐up of reproductive isolation be‐
tween the hybrid species and their parental taxa is mainly driven by premating isola‐
tion mechanisms and comparable to classical speciation events. One hybrid species 
can be classified as type I (“Big Bird”) while three species constitute type II hybrid 
species (Italian sparrow, Audubon’s warbler, and golden‐crowned manakin). The di‐
versity in hybrid bird species across a range of divergence times also provides an ex‐
cellent opportunity to study the evolution of hybrid genomes in terms of genome 
stabilization and adaptation.
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to doubt that there are new species produced by hybrid generation.” 
This idea, hybrid speciation, is now defined as “the process in which 
natural hybridization results in the production of an evolutionary 
lineage that is at least partially reproductively isolated from both 
parental lineages and demonstrates a distinct ecological trajectory” 
(Arnold, 2006).

Two principal categories of hybrid speciation are recognized, ho‐
moploid and alloploid hybrid speciation, based on whether or not the 
ploidy level changes (Mallet, 2007). In this paper, I will focus on the 
first category, homoploid hybrid speciation (hereafter HHS), which 
results in a stable, fertile, and reproductively isolated hybrid lineage 
in which there is no change in ploidy level (Mallet, 2007; Mavarez 
& Linares, 2008). Schumer, Rosenthal, and Andolfatto (2014) ar‐
gued that three criteria should be satisfied in order to indisputably 
demonstrate HHS: (a) genetic or morphological evidence for hy‐
bridization, (b) reproductive isolation of the hybrid lineage from its 
parental species, and (c) evidence that reproductive isolation is a di‐
rect consequence of past hybridization. Of the many putative cases 
of	HHS	among	plants	 (Gross	&	Rieseberg,	2005;	Rieseberg,	1997)	
and the few among animals (Mavarez & Linares, 2008), only three 
plant species (Rieseberg et al., 2003) and one species of butterfly 
(Mavarez et al., 2006) meet all three criteria.

Some authors have argued that criterion three is too stringent 
(Feliner et al., 2017). For example, this criterion cannot be satisfied 
when a hybrid population is geographically isolated from its paren‐
tal species for a certain amount of time, during which reproductive 
isolation may develop as a result of random drift or divergence 
(Brelsford, 2011; Hermansen et al., 2011). In this case, reproductive 
isolation is not the direct result of hybridization, but the by‐product 
of a geographical isolation phase in the hybrid speciation process. To 
account for such scenarios, I propose to differentiate between two 
types of hybrid speciation: type I where reproductive isolation is a 
direct consequence of hybridization and type II where reproductive 
isolation is the by‐product of other processes, such as geographical 
isolation. One could define subtypes within type II hybrid speciation, 
such as “allopatric” or “ecological” scenarios, but this might quickly 
lead to a “balkanization” of speciation scenarios. The current pro‐
posal only refers to the relationship between hybridization and re‐
productive isolation at the onset of hybrid speciation.

Apart from the epistemological discussion on the definition 
of a hybrid species (Feliner et al., 2017; Schumer, Rosenthal, & 
Andolfatto, 2018), it is important to understand the process of hy‐
brid speciation itself. Indeed, Schumer, Rosenthal, et al. (2018) noted 
that “observing hybrid ancestry in the genome provides direct evi‐
dence that the species has an admixed genome (or even a genome 
of hybrid origin) but does not necessarily tell us about the evolu‐
tionary processes that give rise to that species.” The rapid progress 
in genomic sequencing techniques has revealed several putative 
hybrid species (Mallet, 2007; Mavarez & Linares, 2008; Schumer et 
al., 2014), providing an excellent opportunity to study the origin of 
these hybrid lineages.

Similar to classical speciation scenarios, one can envision sev‐
eral stages along the hybrid speciation continuum (Seehausen et al., 

2014). The main difference between classical speciation scenarios 
and hybrid speciation events is the initial phase of admixture (Nolte 
& Tautz, 2010). Hybridization between two lineages can result in the 
formation of a hybrid swarm of which the members are not repro‐
ductively isolated from the parental taxa. Over time, reproductive 
isolation mechanisms might develop and the hybrid swarm starts to 
follow its own distinct evolutionary trajectory. Different hybrid lin‐
eages will occupy different positions along this continuum, ranging 
from hybrid swarms over partially reproductively isolated lineages 
to independently evolving hybrid species. Studying hybrid lineages 
along the speciation continuum can provide important insights into 
several evolutionary processes, such as the role of hybridization in 
the build‐up of reproductive isolation and the consequent evolution 
of hybrid genomes (Comeault, 2018; Schumer, Xu, et al., 2018).

2  | PUTATIVE HYBRID BIRD SPECIES

Here, I will illustrate the applicability of the type I and type II clas‐
sification scheme for hybrid species by exploring the hybrid specia‐
tion continuum in birds, which are prone to hybridize (Ottenburghs, 
Ydenberg, van Hooft, van Wieren, & Prins, 2015). To my knowledge, 
seven bird species have been proposed to have hybrid origins: Italian 
sparrow (Passer italiae), Audubon’s warbler (Setophaga auduboni), 
Genovesa mockingbird (Mimus parvulus bauri), Hawaiian duck (Anas 
wyvilliana), red‐breasted goose (Branta ruficollis), golden‐crowned 
manakin (Lepidothrix vilasboasi), and a recent lineage of Darwin’s 
finches on the island of Daphne Major (originally referred to as “Big 
Bird”). In the following paragraphs, I discuss the evidence supporting 
the hybrid origin of these species.

2.1 | Italian Sparrow

Captive‐bred hybrids between house sparrow (Passer domesticus) 
and Spanish sparrow (P. hispaniolensis) so resemble the Italian spar‐
row (P. italiae) that it was hypothesized to be of hybrid origin (Töpfer, 
2006). The Italian Sparrow shares mitochondrial haplotypes with 
both parental species and genetic analyses of both microsatellite 
data and nuclear sequences already indicated an admixed nuclear 
genome (Elgvin et al., 2011; Hermansen et al., 2011). These results 
were later confirmed by genomic data (Elgvin et al., 2017; Runemark, 
Trier, et al., 2018). The hybrid speciation event probably occurred 
less than 10,000 years ago when house sparrows expanded across 
Europe and came into contact with the Spanish sparrow (Hermansen 
et al., 2011).

The Italian Sparrow appears to be reproductively isolated 
from the Spanish sparrow, because no signs of interbreeding were 
detected in a sympatric area on the Gargano Peninsula in Italy 
(Hermansen et al., 2011). In contrast, the Italian sparrow does in‐
terbreed	with	the	house	sparrow	in	the	Alps	(Lockley,	1992,	1996	),	
but mito‐nuclear and sex‐linked incompatibilities probably result in 
partial reproductive isolation between these species (Hermansen et 
al., 2014; Trier, Hermansen, Sætre, & Bailey, 2014).
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2.2 | Audubon's Warbler

The yellow‐rumped warbler (Setophaga coronata) complex comprises 
four distinct taxa—coronata, auduboni, nigrifrons and goldmani—of 
which the taxonomic relationships remain controversial (Hubbard, 
1969;	Mila,	Smith,	&	Wayne,	2006).	A	survey	of	mitochondrial	and	
nuclear genetic variation supports the idea that Audubon’s warbler 
(S. auduboni) is a hybrid lineage between myrtle warbler (S. coronata) 
and black‐fronted warbler (S. nigrifrons) (Brelsford, Mila, & Irwin, 
2011). Audubon’s warbler is partially reproductively isolated from 
myrtle	warbler	by	postmating	barriers	(Brelsford	&	Irwin,	2009)	and	
a migratory divide between Audubon’s warbler and myrtle warbler 
could contribute to reproductive isolation if hybrids show subopti‐
mal migration strategies (Toews, Brelsford, & Irwin, 2014; Toews, 
Mandic, Richards, & Irwin, 2014).

Reproductive isolation between Audubon’s warbler and black‐
fronted warbler has not yet been assessed, although there appears 
to be a cryptic hybrid zone in southern Utah (Mila, Toews, Smith, & 
Wayne, 2011). Further studies are warranted to quantify the degree 
of reproductive isolation between Audubon’s Warbler and its paren‐
tal species. The hybrid speciation event probably involved an allo‐
patric phase; the authors suggest that “hybridization in a previous 
interglacial period followed by persistence in a glacial refugium and 
subsequent expansion across western North America may be the 
most straightforward explanation for the existence of [Audubon’s 
warbler] as a distinct form with a recognizable phenotype and geno‐
type over a broad region” (Brelsford et al., 2011). Hence, Audubon’s 
warbler is probably a type II hybrid species.

2.3 | Genovesa Mockingbird

On the Galapagos Archipelago, the Genovesa Mockingbird (Mimus 
parvulus bauri) shares mitochondrial haplotypes and certain au‐
tosomal loci with the San Cristobal Mockingbird (M. melanotis). At 
other autosomal loci, it clusters closely with another species, the 
Galapagos Mockingbird (M. parvulus). These observations suggest 
that the Genovesa Mockingbird represents a lineage of hybrid an‐
cestry (Nietlisbach et al., 2013). However, the pattern of genetic 
mosaicism of the Genovesa Mockingbird can also be the result of 
repeated events of introgressive hybridization. Furthermore, the 
strength of reproductive isolation between this taxon and its pu‐
tative parental species remains unknown. Although Nietlisbach et 
al. (2013) argue that “this case could be considered one of incipient 
homoploid hybrid speciation”, more research is necessary to support 
this claim.

2.4 | Hawaiian Duck

The Hawaiian Duck is one of the 14 taxa within the mallard (Anas 
platyrhynchos) complex, a phylogenetically challenging group of 
ducks (Lavretsky, McCracken, & Peters, 2014). The relationships 
within this complex remain uncertain, including the position of the 
Hawaiian	duck.	Morphological	data	(Livezey,	1991)	and	nuclear	DNA	

(Lavretsky et al., 2014) support a sister relation with the Laysan duck 
(Anas laysanensis), whereas mtDNA clusters the Hawaiian duck with 
the mallard. This pattern of morphological‐nuclear‐mitochondrial 
discordance can be explained by incomplete lineage sorting or intro‐
gressive hybridization.

Several lines of evidence suggest this discordance is not only 
the outcome of introgression, but that the Hawaiian duck might 
even be a young hybrid species (Lavretsky, Engilis, Eadie, & Peters, 
2015). Gene flow from both parental species is necessary to explain 
the genetic diversity in the Hawaiian duck. Only one SNP is fixed 
within Hawaiian duck, the remaining SNPs were intermediate be‐
tween the parental species. This genetic mosaicism was further sup‐
ported by Bayesian clustering and isolation‐with‐migration analyses. 
Moreover, fossil remains point to a hybrid origin: The Hawaiian fossil 
record contains Laysan‐like ducks from the mid‐Pleistocene and in‐
termediate Laysan‐Hawaiian ducks from the Holocene (Cooper et al., 
1996;	Olson	&	James,	1991).	Together	these	observations	point	to	a	
hybrid speciation event about 3,000 years ago. Currently, Hawaiian 
ducks still interbreed with mallards. The hybrid offspring are viable 
and fertile, indicating that reproductive isolation is mainly driven by 
premating	mechanisms	(Fowler,	Eadie,	&	Engilis,	2009).

2.5 | Red‐breasted Goose

The seventeen species of True Geese are classified in the waterfowl 
tribe Anserini and have been traditionally divided over two genera: 
Anser and Branta (Ottenburghs, Megens, et al., 2016). A phylogenomic 
study of this tribe suggested that the red‐breasted goose might be of 
hybrid origin (Ottenburghs, Megens, et al., 2017). Phylogenetic net‐
works and d‐statistics indicated ancient admixture between brent 
goose (Branta bernicla) and the ancestor of the white‐cheeked geese 
(i.e., Hawaiian goose [B. sandvicensis], Canada goose [B. canadensis], 
cackling goose [B. hutchinsii], and barnacle goose [B. leucopsis]). The 
putative hybrid speciation event happened at least 3.5 million years 
ago, before the diversification of the white‐cheeked geese clade. 
The red‐breasted goose seems partially reproductively isolated from 
its parental species; some hybrids have been documented, but their 
fertility has not been directly assessed (Ottenburghs, van Hooft, van 
Wieren, Ydenberg, & Prins, 2016).

2.6 | Golden‐crowned Manakin

In Amazonian Brazil, the geographic range of golden‐crowned 
manakin (Lepidothrix vilasboasi) is located between the ranges of 
opal‐crowned (Lepidothrix iris) and snow‐capped manakin (L. nat-
tereri). Genetic analyses suggest that the golden‐crowned manakin 
is the outcome of a hybrid speciation event between the latter two 
species about 158,000 years ago (Barrera‐Guzmán, Aleixo, Shawkey, 
& Weir, 2018a). The golden‐crowned manakin derived about 15%–
20% of its genome from snow‐capped manakin and the remainder 
from opal‐crowned manakin. The authors suggest that the initial hy‐
bridization events were followed by periods of allopatry due to the 
combined effects of river barriers and forest contraction during past 
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climatic oscillations. If this scenario is correct, the golden‐crowned 
manakin would constitute a type II hybrid species.

It is not known whether the golden‐crowned manakin has devel‐
oped complete reproductive isolation from its parents. There are prob‐
ably parapatric contact zones in the western and southern parts of its 
range that allow for assessing the strength of reproductive isolation. 
However, some premating isolation might be based on crown‐color 
signals. The parental species have highly reflective crown patches, 
whereas the golden‐crowned manakin has less reflective yellow plum‐
age. To compensate for the reduced brightness of the crown patch in 
the hybrid species, sexual selection might have resulted in thickening 
of the crown patch with carotenoids, culminating in the yellow color 
(Barrera‐Guzmán et al., 2018a). Whether the yellow crown patch di‐
rectly led to reproductive isolation or whether it reinforces reproduc‐
tive isolation in combination with other pre‐ and postzygotic isolation 
mechanisms remains to be investigated (Barrera‐Guzmán, Aleixo, 
Shawkey, & Weir, 2018b; Rosenthal, Schumer, & Andolfatto, 2018).

2.7 | “Big Bird”

The intensive study of Darwin’s Finches on the small Galapagos Island 
of Daphne Major (Grant & Grant, 2014) might have documented a 

very	recent	case	of	HHS.	In	1981,	a	large	cactus	finch	(Geospiza coni-
rostris) arrived on the island and mated with a female medium ground 
finch (G. fortis). The resulting offspring only bred with each other and 
as	such	established	a	new	lineage	on	the	island	(Grant	&	Grant,	2009;	
Lamichhaney et al., 2018). This lineage is reproductively isolated from 
at least one parental species (G. fortis) due to differences in song and 
beak morphology. Whether it is also reproductively isolated from the 
other parental species (G. conistrostris), which resides on the island 
of Española, remains to be tested. This case shows that reproductive 
isolation can develop in few generations (but see Hill & Zink, 2018).

3  | WHAT DOES THE E VIDENCE SAY?

This overview of putative hybrid bird species shows that most stud‐
ies provide convincing genetic and morphological evidence for 
hybridization (Table 1). However, not all studies could confidently 
discriminate between hybrid speciation and (recurrent) introgressive 
hybridization (Figure 1). A complex reticulated evolutionary history 
involving several bouts of secondary contact can make it difficult—
if not impossible—to discriminate between these two scenarios 
(Mallet, Besansky, & Hahn, 2016). In the case of the golden‐crowned 

TA B L E  1   Evidence for the putative hybrid bird species based on three criteria: (a) genetic or morphological evidence for hybridization, (b) 
reproductive isolation from parental taxa, and (c) reproductive isolation due to hybridization. If criterion three is fulfilled, the taxon is a type I 
hybrid species, if not it is a type II hybrid species

Hybrid species Parental species
Evidence for 
hybridization

Reproductive isolation
Reproductive isolation 
due to hybridization VerdictPrezygotic Postzygotic

Italian Sparrow (Passer 
italiae)

House Sparrow 
(P. domesticus)

Yes Yes Yes No Type II

Spanish Sparrow 
(P. hispaniolensis)

Audubon's Warbler 
(Setophaga auduboni)

Myrtle Warbler (S. coronata) Yes Yes Yes No Type II

Black‐fronted Warbler 
(S. nigrifrons)

Hawaiian Duck (Anas 
wyvilliana)

Mallard (A. platyrhynchos) Yes Yes No ? ?

Laysan Duck (A. laysanensis)

Red‐breasted Goose 
(Branta ruficollis)

Brent Goose (B. bernicla) Yes Yes Yes ? ?

Ancestor of white‐cheeked 
geese

Genovesa Mockingbird 
(Mimus parvulus bauri)

San Cristobal Mockingbird 
(M. melanotis)

Yes ? ? ? ?

Galapagos Mockingbird 
(M. parvulus)

Golden‐crowned 
Manakin (Lepidopthrix 
vilasboasi)

Opal‐crowned Manakin 
(L. iris)

Yes Yes ? No Type II

Snow‐capped Manakin 
(L. nattereri)

“Bird Bird” (Geospiza 
spp.)

Medium Ground Finch 
(G. fortis)

Yes Yes ? Yes Type I

Common Cactus Finch 
(G. scandens)

Note. For three species (Hawaiian duck, red‐breasted goose and Genovesa mockingbird), the evidence is as yet inconclusive.
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manakin, for example, coalescent modeling showed that speciation 
models with gene flow were better supported compared to mod‐
els without gene flow. However, the authors were unable to differ‐
entiate between more complex speciation models with gene flow 
(Barrera‐Guzman et al., 2018a). Phylogenetic network analyses or 
modeling approaches, such as Approximate Bayesian Computation 
(ABC), promise to be a fruitful avenue to tackle these issues 
(Ottenburghs, Kraus, et al., 2017).

All putative hybrid species have been documented in only two 
bird orders: songbirds (Passeriformes) and waterfowl (Anseriformes). 
Given the incidence of hybridization in birds (Ottenburghs et al., 
2015), more hybrid species can be expected. The project to se‐
quence the genomes of all living bird species is currently under 
way (Jarvis, 2016; Lewin et al., 2018) and will provide abundant 
resources to explore the evolutionary history of all bird taxa. This 
endeavor might uncover numerous other hybrid bird species.

4  | REPRODUC TIVE ISOL ATION

Reproductive isolation is mostly caused by the combination of sev‐
eral pre‐ and postzygotic isolation mechanisms. The interplay of 
these different isolation mechanisms can be depicted as a contin‐
uum from a panmictic population to two irreversibly isolated species 
(Seehausen et al., 2014). In birds, speciation is can be driven by diver‐
gent sexual or ecological selection, where prezygotic and extrinsic 
postzygotic mechanisms act first and intrinsic postzygotic mecha‐
nisms come into play later in the speciation process (Price, 2008). 
The development of reproductive isolation in the putative hybrid 
bird species can also be visualized on this speciation continuum.

Based on the available evidence, the location on the speciation 
continuum of five out of seven hybrid bird species can be inferred 
(Figure 2). Two species require further research: not much is known 
about reproductive isolation of the Genovesa mockingbird and the de‐
gree of intrinsic postzygotic isolation in the golden‐crowned manakin 

remains to be determined. In two species (Hawaiian duck and “Big 
Bird”), reproductive isolation seems to be caused by premating mech‐
anisms, while Italian Sparrow and Audubon’s Warbler exhibit some 
intrinsic postzygotic isolation from their parental species (Brelsford 
et al., 2011; Trier et al., 2014). Given its age of 3.5 million years, the 
same probably holds true for the red‐breasted goose, but the nature 
of intrinsic postzygotic isolation remains to be characterized.

In defining a hybrid species, criterion three stated that hybridiza‐
tion should be the direct cause of reproductive isolation (Schumer et 
al., 2014). Because this criterion is considered too stringent by some 
authors (Feliner et al., 2017), I above proposed to discriminate be‐
tween two types of hybrid species, based on the observation whether 
reproductive isolation is directly caused by hybridization (type I) or 
not (type II). Three hybrid speciation events probably involved a pe‐
riod of geographical isolation, resulting in type II hybrid species (i.e., 
Italian sparrow, Audubon’s warbler, and golden‐crowned manakin). 
Here, hybridization is not the direct cause of reproductive isola‐
tion, but some hybrid phenotypes might reinforce it at a later stage. 
Only “Big Bird” seems to fit the definition of a type I hybrid species 
where reproductive isolation is directly due to hybridization. In this 
case, hybridization has resulted in a transgressive bill morphology 
that separates this hybrid species ecologically and reproductively 
(through differences in song) from its parental species (Lamichhaney 
et al., 2018). These examples show that the classification scheme 
based on criterion three circumvents the epistemological discussion 
on what constitutes a hybrid species and provides a starting point 
for further research into the evolution of reproductive isolation. This 
scheme can be applied to other taxonomic groups (Lavrenchenko, 
2014; Mallet, 2007; Mavarez & Linares, 2008; Schumer et al., 2014).

5  | E VOLUTION OF HYBRID GENOMES

The overview of hybrid bird species revealed hybrid lineages of 
different ages, ranging from a few generations (“Bird Bird”) over 

F I G U R E  1   Different evolutionary scenarios can produce genome‐wide signatures of hybridization: hybrid speciation and recurrent 
introgressive hybridization. Modeling approaches can be applied to discriminate between these two scenarios
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thousands of years (e.g., Italian sparrow and golden‐crowned 
manakin) to millions of years old (red‐breasted goose). This spectrum 
of divergence times allows for the comparison of hybrid genome 
stabilization and adaptation over time, while taking into account 
species‐specific processes. In the initial stages of first‐generation 
hybrids and backcrosses, there are many possible outcomes (Nolte 
& Tautz, 2010). Hybrids might display lower fitness due to disruption 
of co‐adapted gene complexes or increased fitness due to hetero‐
sis (Bar‐Zvi, Lupo, Levy, & Barkai, 2017). In addition, transposable 
elements might be activated because of mismatches in epigenetic 
control mechanisms (Fontdevila, 2005; Kapusta & Suh, 2017). On 
the one hand, these transposable elements can result in deleterious 
effects such as transcriptomic shock and genome instability (Dion‐
Côté, Renaut, Normandeau, & Bernatchez, 2014). On the other hand, 
they can create novel genetic variation (Belyayev, 2014; Stapley, 
Santure, & Dennis, 2015). Another issue that hybrid genomes might 
have to overcome is “hybridization load” where introgression from 
a species with a smaller effective population size leads to increased 
genetic load in the hybrids by introducing deleterious alleles. Recent 
work on swordtail fish (Xiphophorus) hybrids showed that alleles 
from the minor parent are more common in regions of high recom‐
bination where they can become uncoupled from deleterious alleles 
(Schumer, Xu, et al., 2018). We are only starting to understand how 
hybrid genomes deal with fitness loss/gain, transposable elements, 
and hybridization load, and how they stabilize over time.

Introgressive hybridization can introduce new genetic variation 
or create novel allelic combinations (Hedrick, 2013). The mosaic 
genomes of hybrid species could be a source for adaptive evolu‐
tion, enabling individuals to exploit habitats that are unavailable 
for their parental taxa (Dittrich‐Reed & Fitzpatrick, 2013; Roy, 
Lucek, Walter, & Seehausen, 2015). For example, the transgres‐
sive beak morphology of the “Big Bird”‐lineage on the Galapagos 
islands probably enabled these birds to forage on food resources 

that are unavailable for other finch species (Lamichhaney et al., 
2018). Similar patterns of hybrid ancestry and local adaption of 
beak morphology have been described for island populations of the 
Italian sparrow (Bailey, Eroukhmanoff, & Sætre, 2013; Runemark, 
Fernández, Eroukhmanoff, & Sætre, 2018) and has been suggested 
for geese (Ottenburghs, Megens, et al., 2017). The interplay be‐
tween stabilization of hybrid genomes and adaptation to local eco‐
logical conditions is a promising field for further research.

ACKNOWLEDG MENTS

I would like to thank Alexander Suh and two anonymous reviewers 
for their comments on previous versions of this manuscript. Their 
suggestions have greatly improved the quality of this paper.

AUTHOR CONTRIBUTIONS

JO conceived the idea, conducted the literature search and wrote 
the manuscript.

DATA ACCE SSIBILIT Y

The manuscript is solely based on a literature review. All data can be 
found in the reference list below.

ORCID

Jente Ottenburghs  http://orcid.org/0000-0002-0335-9655 

R E FE R E N C E S

Arnold, M. (2006). Evolution through genetic exchange. Oxford, UK: 
Oxford University Press.

F I G U R E  2   Seven putative hybrid species have originated at different times. The degree of reproductive isolation can be visualized 
on the speciation continuum from a panmictic population to two irreversibly isolated species (adapted from Seehausen et al., 2014). The 
hybrid species fall into two broad categories: reproductive isolation by premating mechanisms (red box) and reproductive isolation by 
intrinsic postzygotic mechanisms (blue box). The curves on the speciation continuum are hypothetical

http://orcid.org/0000-0002-0335-9655
http://orcid.org/0000-0002-0335-9655


     |  13033OTTENBURGHS

Bailey, R. I., Eroukhmanoff, F., & Sætre, G.‐P. (2013). Hybridization and 
genome evolution II: Mechanisms of species divergence and their ef‐
fects on evolution in hybrids. Current Zoology, 59, 675–685. https://
doi.org/10.1093/czoolo/59.5.675

Barrera‐Guzmán, A. O., Aleixo, A., Shawkey, M. D., & Weir, J. T. (2018a). 
Hybrid speciation leads to novel male secondary sexual ornamen‐
tation of an Amazonian bird. Proceedings of the National Academy of 
Sciences of the United States of America, 115, E218–E225.

Barrera‐Guzmán, A. O., Aleixo, A., Shawkey, M. D., & Weir, J. T. (2018b). 
Reply to Rosenthal et al.: Both premating and postmating isolation likely 
contributed to manakin hybrid speciation. Proceedings of the National 
Academy of Sciences of the United States of America, 115, E4146–E4147.

Bar‐Zvi, D., Lupo, O., Levy, A. A., & Barkai, N. (2017). Hybrid vigor: The 
best of both parents, or a genomic clash? Current Opinion in Systems 
Biology, 6, 22–27.

Belyayev, A. (2014). Bursts of transposable elements as an evolutionary 
driving force. Journal of Evolutionary Biology, 27, 2573–2584. https://
doi.org/10.1111/jeb.12513

Brelsford, A. (2011). Hybrid speciation in birds: Allopatry more import‐
ant than ecology? Molecular Ecology, 20, 3705–3707. https://doi.
org/10.1111/j.1365-294X.2011.05230.x

Brelsford,	A.,	&	Irwin,	D.	E.	(2009).	Incipient	speciation	despite	little	as‐
sortative mating: The yellow‐rumped warbler hybrid zone. Evolution, 
63,	3050–3060.	https://doi.org/10.1111/j.1558-5646.2009.00777.x

Brelsford, A., Mila, B., & Irwin, D. (2011). Hybrid origin of Audubon's 
warbler. Molecular Ecology, 20,	 2380–2389.	 https://doi.
org/10.1111/j.1365-294X.2011.05055.x

Comeault, A. A. (2018). The genomic and ecological context of hybridiza‐
tion affects the probability that symmetrical incompatibilities drive 
hybrid speciation. Ecology and Evolution, 8,	 2926–2937.	https://doi.
org/10.1002/ece3.3872

Cooper, A., Rhymer, J., James, H., Olson, S., McIntosh, C., Sorenson, M., 
&	Fleischer,	R.	C.	(1996).	Ancient	DNA	and	island	endemics.	Nature, 
381, 484. https://doi.org/10.1038/381484a0

Dion‐Côté, A.‐M., Renaut, S., Normandeau, E., & Bernatchez, L. 
(2014). RNA‐seq reveals Transcriptomic Shock involving trans‐
posable elements reactivation in hybrids of Young Lake Whitefish 
Species. Molecular Biology and Evolution, 31,	1188–1199.	https://doi.
org/10.1093/molbev/msu069

Dittrich‐Reed, D. R., & Fitzpatrick, B. M. (2013). Transgressive hybrids 
as hopeful monsters. Evolutionary Biology, 40, 310–315. https://doi.
org/10.1007/s11692-012-9209-0

Elgvin, T., Hermansen, J., Fijarczyk, A., Bonnett, T., Borge, T., Saether, 
S., … Saetre, G.‐P. (2011). Hybrid speciation in sparrows II: A role for 
sex chromosomes? Molecular Ecology, 20, 3823–3837. https://doi.
org/10.1111/j.1365-294X.2011.05182.x

Elgvin, T. O., Trier, C. N., Tørresen, O. K., Hagen, I. J., Lien, S., Nederbragt, 
A. J., … Sætre, G.‐P. (2017). The genomic mosaicism of hybrid spe‐
ciation. Science Advances, 3,	 e1602996.	 https://doi.org/10.1126/
sciadv.1602996

Feliner, N., Álvarez, I., Fuertes‐Aguilar, J., Heuertz, M., Marques, I., 
Moharrek, F., … Villa‐Machio, I. (2017). Is homoploid hybrid specia‐
tion that rare? An empiricist's view. Heredity, 118, 513–516.

Fontdevila, A. (2005). Hybrid genome evolution by transposi‐
tion. Cytogenetic and Genome Research, 110,	 49–55.	 https://doi.
org/10.1159/000084937

Fowler,	A.,	 Eadie,	 J.,	&	Engilis,	A.	 (2009).	 Identification	of	 endangered	
Hawaiian ducks (Anas wyvilliana), introduced North American mal‐
lards (A. platyrhynchos) and their hybrids using multilocus genotypes. 
Conservation Genetics, 10, 1747.

Grant,	P.	R.,	&	Grant,	B.	R.	 (2009).	The	secondary	contact	phase	of	al‐
lopatric speciation in Darwin's finches. Proceedings of the National 
Academy of Sciences of the United States of America, 106, 20141–
20148.	https://doi.org/10.1073/pnas.0911761106

Grant, P. R., & Grant, B. R. (2014). 40 years of evolution: Darwin's finches 
on Daphne Major Island. Princeton, NJ: Princeton University Press.

Gross, B. L., & Rieseberg, L. H. (2005). The ecological genetics of homo‐
ploid hybrid speciation. Journal of Heredity, 96, 241–252. https://doi.
org/10.1093/jhered/esi026

Hedrick, P. W. (2013). Adaptive introgression in animals: Examples and 
comparison to new mutation and standing variation as sources of 
adaptive variation. Molecular Ecology, 22, 4606–4618. https://doi.
org/10.1111/mec.12415

Hermansen, J. S., Haas, F., Trier, C. N., Bailey, R. I., Nederbragt, A. J., 
Marzal, A., & Saetre, G.‐P. (2014). Hybrid speciation through sorting 
of parental incompatibilities in Italian sparrows. Molecular Ecology, 
23,	5831–5842.	https://doi.org/10.1111/mec.12910

Hermansen, J., Saether, S., Elgvin, T., Borge, T., Hjelle, E., & Saetre, G. 
(2011). Hybrid speciation in sparrows I: Phenotypic intermediacy, 
genetic admixture and barriers to gene flow. Molecular Ecology, 20, 
3812–3822.

Hill, G. E., & Zink, R. M. (2018). Hybrid speciation in birds, with special 
reference to Darwinï¿½s finches. Journal of Avian Biology, https://on‐
linelibrary.wiley.com/doi/abs/10.1111/jav.01879.

Hubbard,	 J.	 P.	 (1969).	 The	 relationships	 and	 evolution	 of	 the	
Dendroica coronata complex. The Auk, 86,	 393–432.	 https://doi.
org/10.2307/4083405

Jarvis, E. D. (2016). Perspectives from the Avian Phylogenomics Project: 
Questions that can be answered with sequencing all genomes of 
a vertebrate class. Annual Review of Animal Biosciences, 4,	 45–59.	
https://doi.org/10.1146/annurev‐animal‐021815‐111216

Kapusta, A., & Suh, A. (2017). Evolution of bird genomes‐a trans‐
poson's‐eye view. Annals of the New York Academy of Sciences, 1389, 
164–185.

Lamichhaney, S., Han, F., Webster, M. T., Andersson, L., Grant, B. R., 
& Grant, P. R. (2018). Rapid hybrid speciation in Darwin's finches. 
Science, 359, 224–228.

Lavrenchenko, L. A. (2014). Hybrid speciation in mammals: Illusion or re‐
ality? Biology Bulletin Reviews, 4,	198–209.	https://doi.org/10.1134/
S2079086414030050

Lavretsky, P., Engilis, A., Eadie, J., & Peters, J. (2015). Genetic admix‐
ture supports an ancient hybrid origin of the endangered Hawaiian 
duck. Journal of Evolutionary Biology, 28, 1005–1015. https://doi.
org/10.1111/jeb.12637

Lavretsky, P., McCracken, K., & Peters, J. (2014). Phylogenetics of a 
recent radiation in the mallards and allies (Aves: Anas): Inferences 
from a genomic transect and the multispecies coalescent. Molecular 
Phylogenetics and Evolution, 70, 402–411. https://doi.org/10.1016/j.
ympev.2013.08.008

Lewin, H. A., Robinson, G. E., Kress, W. J., Baker, W. J., Coddington, 
J., Crandall, K. A., … Zhang, G. (2018). Earth BioGenome Project: 
Sequencing life for the future of life. Proceedings of the National 
Academy of Sciences of the United States of America, 115, 4325–4333. 
https://doi.org/10.1073/pnas.1720115115

Linnaeus, C. (1751). Plantae Hybridae.
Livezey,	B.	C.	(1991).	A	phylogenetic	analysis	and	classification	of	recent	

dabbling ducks (Tribe Anatini) based on comparative morphology. 
The Auk, 108,	471–507.	https://doi.org/10.2307/4088089

Lockley,	A.	K.	(1992).	The	position	of	the	hybrid	zone	between	the	House	
Sparrow Passer domesticus domesticus and the Italian Sparrow P. 
d. italiae in the Alpes Martimes. Journal of Ornithology, 133, 77–82. 
https://doi.org/10.1007/BF01640042

Lockley,	A.	K.	(1996).	Changes	in	the	position	of	the	hybrid	zone	between	
the House Sparrow Passer domesticus domesticus and the Italian 
Sparrow P. d. italiae in the Alpes Maritimes. Journal of Ornithology, 
137, 243–248. https://doi.org/10.1007/BF01653638

Mallet, J. (2007). Hybrid speciation. Nature, 446,	279–283.	https://doi.
org/10.1038/nature05706

https://doi.org/10.1093/czoolo/59.5.675
https://doi.org/10.1093/czoolo/59.5.675
https://doi.org/10.1111/jeb.12513
https://doi.org/10.1111/jeb.12513
https://doi.org/10.1111/j.1365-294X.2011.05230.x
https://doi.org/10.1111/j.1365-294X.2011.05230.x
https://doi.org/10.1111/j.1558-5646.2009.00777.x
https://doi.org/10.1111/j.1365-294X.2011.05055.x
https://doi.org/10.1111/j.1365-294X.2011.05055.x
https://doi.org/10.1002/ece3.3872
https://doi.org/10.1002/ece3.3872
https://doi.org/10.1038/381484a0
https://doi.org/10.1093/molbev/msu069
https://doi.org/10.1093/molbev/msu069
https://doi.org/10.1007/s11692-012-9209-0
https://doi.org/10.1007/s11692-012-9209-0
https://doi.org/10.1111/j.1365-294X.2011.05182.x
https://doi.org/10.1111/j.1365-294X.2011.05182.x
https://doi.org/10.1126/sciadv.1602996
https://doi.org/10.1126/sciadv.1602996
https://doi.org/10.1159/000084937
https://doi.org/10.1159/000084937
https://doi.org/10.1073/pnas.0911761106
https://doi.org/10.1093/jhered/esi026
https://doi.org/10.1093/jhered/esi026
https://doi.org/10.1111/mec.12415
https://doi.org/10.1111/mec.12415
https://doi.org/10.1111/mec.12910
https://onlinelibrary.wiley.com/doi/abs/10.1111/jav.01879
https://onlinelibrary.wiley.com/doi/abs/10.1111/jav.01879
https://doi.org/10.2307/4083405
https://doi.org/10.2307/4083405
https://doi.org/10.1146/annurev-animal-021815-111216
https://doi.org/10.1134/S2079086414030050
https://doi.org/10.1134/S2079086414030050
https://doi.org/10.1111/jeb.12637
https://doi.org/10.1111/jeb.12637
https://doi.org/10.1016/j.ympev.2013.08.008
https://doi.org/10.1016/j.ympev.2013.08.008
https://doi.org/10.1073/pnas.1720115115
https://doi.org/10.2307/4088089
https://doi.org/10.1007/BF01640042
https://doi.org/10.1007/BF01653638
https://doi.org/10.1038/nature05706
https://doi.org/10.1038/nature05706


13034  |     OTTENBURGHS

Mallet, J., Besansky, N., & Hahn, M. W. (2016). How reticulated 
are species? BioEssays, 38,	 140–149.	 https://doi.org/10.1002/
bies.201500149

Mavarez, J., & Linares, M. (2008). Homoploid hybrid speciation in ani‐
mals. Molecular Ecology, 17, 4181–4185.

Mavarez, J., Salazar, C. A., Bermingham, E., Salcedo, C., Jiggins, C. D., & 
Linares, M. (2006). Speciation by hybridization in Heliconius butter‐
flies. Nature, 441, 868–871.

Mila, B., Smith, T., & Wayne, R. (2006). Speciation and rapid phenotypic 
differentiation in the yellow‐rumped warbler Dendroica coronata 
complex. Molecular Ecology, 16,	159–173.

Mila, B., Toews, D., Smith, T., & Wayne, R. (2011). A cryptic contact zone 
between divergent mitochondrial DNA lineages in southwestern 
North America supports past introgressive hybridization in the yel‐
low‐rumped warbler complex (Aves: Dendroica coronata). Biological 
Journal of the Linnean Society, 103,	696–706.

Nietlisbach, P., Wandeler, P., Parker, P. G., Grant, P. R., Grant, B. R., Keller, 
L. F., & Hoeck, P. E. A. (2013). Hybrid ancestry of an island subspecies 
of Galápagos mockingbird explains discordant gene trees. Molecular 
Phylogenetics and Evolution, 69,	 581–592.	https://doi.org/10.1016/j.
ympev.2013.07.020

Nolte, A. W., & Tautz, D. (2010). Understanding the onset of hybrid 
speciation. Trends in Genetics, 26, 54–58. https://doi.org/10.1016/j.
tig.2009.12.001

Olson,	S.	L.,	&	James,	H.	F.	(1991).	Descriptions	of	thirty-two	new	spe‐
cies of birds from the Hawaiian Islands: Part I. Non‐Passeriformes. 
Ornithological Monographs,	1–88.	https://doi.org/10.2307/40166794

Ottenburghs, J., Kraus, R., van Hooft, P., van Wieren, S., Ydenberg, R., 
& Prins, H. (2017). Avian introgression in the genomic era. Avian 
Research, 8, 30.

Ottenburghs, J., Megens, H.‐J., Kraus, R., Madsen, O., van Hooft, P., van 
Wieren, S., … Prins, H. H. T. (2016). A tree of geese: A phylogenomic 
perspective on the evolutionary history of True Geese. Molecular 
Phylogenetics and Evolution, 101, 303–313.

Ottenburghs, J., Megens, H.‐J., Kraus, R., Van Hooft, P., Van Wieren, S., 
Crooijmans, R., … Prins, H. H. T. (2017). A history of hybrids? Genomic 
patterns of introgression in the True Geese. BMC Evolutionary Biology, 
17, 201.

Ottenburghs, J., van Hooft, P., van Wieren, S. E., Ydenberg, R. C., & Prins, 
H. H. T. (2016). Hybridization in geese: A review. Frontiers in Zoology, 
13,	1–9.

Ottenburghs, J., Ydenberg, R., van Hooft, P., van Wieren, S., & Prins, H. 
(2015). The Avian Hybrids Project: Gathering the scientific literature 
on avian hybridization. Ibis, 157,	892–894.

Price, T. (2008). Speciation in birds. Englewood, CO: Roberts and Co.
Rieseberg,	L.	H.	(1997).	Hybrid	origins	of	plants	species.	Annual Review of 

Ecology and Systematics, 28,	359–389.
Rieseberg, L. H., Raymond, O., Rosenthal, D. M., Lai, Z., Livingstone, K., 

Nakazato, T., … Lexer, C. (2003). Major ecological transitions in wild 
sunflowers facilitated by hybridization. Science, 301, 1211–1216.

Rosenthal, G. G., Schumer, M., & Andolfatto, P. (2018). How the 
manakin got its crown: A novel trait that is unlikely to cause 

speciation. Proceedings of the National Academy of Sciences of the 
United States of America, 115, E4144–E4145. https://doi.org/10.1073/
pnas.1804061115

Roy, D., Lucek, K., Walter, R. P., & Seehausen, O. (2015). Hybrid ‘super‐
swarm’ leads to rapid divergence and establishment of populations 
during a biological invasion. Molecular Ecology, 24,	 5394–5411.	
https://doi.org/10.1111/mec.13405

Runemark, A., Fernández, L. P., Eroukhmanoff, F., & Sætre, G.‐P. (2018). 
Genomic contingencies and the potential for local adaptation in a hy‐
brid species. The American Naturalist, 192, 10–22.

Runemark, A., Trier, C. N., Eroukhmanoff, F., Hermansen, J. S., 
Matschiner, M., Ravinet, M., & Saetre, G.‐P. (2018). Variation and 
constraints in hybrid genome formation. Nature Ecology & Evolution, 
1,	549–556.

Schumer, M., Rosenthal, G. G., & Andolfatto, P. (2014). How common is 
homoploid hybrid speciation. Evolution, 68, 1553–1560. https://doi.
org/10.1111/evo.12399

Schumer, M., Rosenthal, G. G., & Andolfatto, P. (2018). What do we mean 
when we talk about hybrid speciation? Heredity, 120,	379–382.

Schumer, M., Xu, C., Powell, D. L., Durvasula, A., Skov, L., Holland, C., 
… Przeworski, M. (2018). Natural selection interacts with recom‐
bination to shape the evolution of hybrid genomes. Science, 360, 
656–660.

Seehausen, O., Butlin, R. K., Keller, I., Wagner, C. E., Boughman, J. 
W., Hohenlohe, P. A., … Widmer, A. (2014). Genomics and the or‐
igin of species. Nature Reviews Genetics, 15,	 176–192.	 https://doi.
org/10.1038/nrg3644

Stapley, J., Santure, A. W., & Dennis, S. R. (2015). Transposable elements 
as agents of rapid adaptation may explain the genetic paradox of 
invasive species. Molecular Ecology, 24, 2241–2252. https://doi.
org/10.1111/mec.13089

Toews, D. P. L., Brelsford, A., & Irwin, D. E. (2014). Isotopic varia‐
tion across the Audubon's‐myrtle warbler hybrid zone. Journal of 
Evolutionary Biology, 27,	1179–1191.

Toews, D. P. L., Mandic, M., Richards, J. G., & Irwin, D. E. (2014). 
Migration, mitochondria, and the yellow‐rumped warbler. Evolution, 
68, 241–255.

Töpfer, T. (2006). The taxonomic status of the Italian Sparrow — Passer 
italiae (Vieillot 1817): Speciation by stabilised hybridisation? A criti‐
cal analysis. Zootaxa, 1325, 117–145.

Trier, C. N., Hermansen, J. S., Sætre, G.‐P., & Bailey, R. I. (2014). Evidence 
for mito‐nuclear and sex‐linked reproductive barriers between the 
hybrid Italian sparrow and its parent species. PLOS Genetics, 10, 
e1004075. https://doi.org/10.1371/journal.pgen.1004075

How to cite this article: Ottenburghs J. Exploring the hybrid 
speciation continuum in birds. Ecol Evol. 2018;8:13027–
13034. https://doi.org/10.1002/ece3.4558

https://doi.org/10.1002/bies.201500149
https://doi.org/10.1002/bies.201500149
https://doi.org/10.1016/j.ympev.2013.07.020
https://doi.org/10.1016/j.ympev.2013.07.020
https://doi.org/10.1016/j.tig.2009.12.001
https://doi.org/10.1016/j.tig.2009.12.001
https://doi.org/10.2307/40166794
https://doi.org/10.1073/pnas.1804061115
https://doi.org/10.1073/pnas.1804061115
https://doi.org/10.1111/mec.13405
https://doi.org/10.1111/evo.12399
https://doi.org/10.1111/evo.12399
https://doi.org/10.1038/nrg3644
https://doi.org/10.1038/nrg3644
https://doi.org/10.1111/mec.13089
https://doi.org/10.1111/mec.13089
https://doi.org/10.1371/journal.pgen.1004075
https://doi.org/10.1002/ece3.4558

