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Abstract
Estimates suggest that about 16% of bird species hybridize in the wild. This number is based on two main sources: the Handbook of
Avian Hybrids of the World by Eugene McCarthy and the online Serge Dumont Bird Hybrids Database. Although both sources
provide supporting references for the documented hybrids, the reliability of these references has not been systematically assessed. In
this paper, I introduce a scoring scheme based on three criteria that are weighted based on their reliability, namely field observations
or photographs (1 point), morphological analyses (2 points), and genetic analyses (3 points). The final tally of these three criteria
(ranging from 0 to 6 points) will indicate the level of confidence for a particular hybrid. I test this scoring scheme on the Neotropical
bird family Tinamidae (tinamous), in which several putative hybrids have been reported. My analysis revealed one welldocumented case (Crypturellus boucardi × C. cinnamomeus) and three doubtful records that require further investigation. These
findings highlight the need for thoroughly scrutinizing the sources supporting avian hybrids. The scoring system clearly illustrates its
usefulness and can be easily applied to other taxonomic groups to increase the reliability of documenting interspecific hybrids.
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Introduction
Hybridization refers to the situation where species “that are distinguishable on the basis of one or more heritable characters
overlap spatially and temporally and cross to form viable and
at least partially fertile offspring” (Arnold 1997). Although this
phenomenon is rare on an individual level, hybrids between numerous bird species have been documented (Justyn et al. 2020;
Ottenburghs and Slager 2020). Indeed, according to the latest
estimates, about 16% of bird species has hybridized with another
species (Ottenburghs et al. 2015). This percentage is primarily
based on two sources: the Handbook of Avian Hybrids of the
World (McCarthy 2006) and the online Serge Dumont Bird
Hybrids Database (Dumont n.d.). Both sources provide abundant
references for the reported hybrids, but the reliability of these
references has generally been taken at face value.

Identifying hybrids can be especially difficult for morphologically similar species and cryptic species that are rarely observed
(Randler 2004). After detailed analyses some putative hybrids
turn out to be individuals with aberrant plumage patterns. For
example, genetic analyses indicated that a presumed hybrid between Red-tailed Hawk (Buteo jamaicensis calurus) and Redshouldered Hawk (B. j. elegans) in California, USA, was probably an atypical Red-shouldered Hawk from an eastern population (Clark et al. 2017). It is thus important to carefully assess the
evidence for and against the hybrid origin of a bird.
To determine the reliability of the data sources supporting
hybrid records, I introduce a scoring scheme based on three
criteria.
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The proposed scoring scheme is based on (1) the observation
of a putative hybrid with photographic evidence or a detailed
description, (2) thorough morphological analyses in which the
putative hybrid is compared with potential parental species,
and (3) genetic analyses of the putative hybrid with reference
material from potential parental species.
The first criterion encompasses sightings in online databases, such as eBird (Sullivan et al. 2009), as well as scientific
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papers describing the observation of a presumed hybrid. For
example, Haines (2014) reported a putative hybrid between
Splendid Fairywren (Malurus splendens) and White-winged
Fairywren (M. leucopterus) in Australia based on photographic evidence. The second criterion requires analyses in which
the hybrid specimen is quantitatively and/or qualitatively
compared with the probable parental species. For instance,
Apolinario and Silveira (2019) compared the plumage patterns of several museum specimens to identify hybrids between the Plush-crested Jay (Cyanocorax chrysops) and the
White-naped Jay (C. cynanopogon) in Brazil. The third criterion includes genetic analyses that confirm the hybrid origin
of an individual (Knowlton et al. 2014; Toews et al. 2020) or
document recent gene flow between interbreeding species
(Coster et al. 2018; Maxwell et al. 2021).
To express the varying levels of confidence that each of
these criteria provide, they will be weight differently in the
final score for a putative hybrid, namely one point for an
observation, two for a morphological analysis, and three for
a genetic test. The final tally of these three criteria (ranging
from 0 to 6 points) will indicate the level of confidence for a
particular hybrid combination. It is important to note that this
scoring scheme does not directly assess the reliability of the
supporting evidence but rather provides an overview of the
different observational, morphological, or genetic studies that
accompany a particular hybrid record. If the data in a certain
criterion are unreliable or uncertain, a question mark (?) can be
added to the overview.
In addition to this scoring scheme, one should take into
account additional sources of information, such as the distribution of the parental species and their divergence time. If the
putative parental species do not overlap in distribution, the
hybrid record can be considered less reliable (although one
has to consider escaped or introduced individuals).
Similarly, an extremely old divergence time between the parental species can cast doubt on a proposed hybrid. It has been
estimated that bird species lose the ability to hybridize after an
average of ca. 21 million years of evolution (Fitzpatrick
2004). Extreme cases have been reported, such as a cross
between Helmeted Guineafowl (Numida meleagris) and
Domestic Chicken (Gallus gallus), two species that diverged
about 55 million years ago (Price and Bouvier 2002).
However, such exceptional cases between distantly related
species require convincing evidence to be considered reliable.
In this paper, I will apply the scoring scheme on the
Tinamidae (tinamous), a Neotropical family of cryptic birds.
Although some tinamou hybrids are known from captivity, I
will focus on records of potential hybrids in the wild. In captivity, the hybrids and their parental species are mostly obvious and do not require detailed morphological or genetic analyses that form the basis of the introduced scoring system.
However, captive hybrids can provide comparative material
when assessing potential hybrids in the wild. I will thus restrict

the application of the scoring system to wild hybrids that have
been reported in the scientific literature.

Results
Putative tinamou hybrids
Based on the Handbook of Avian Hybrids of the World
(McCarthy 2006) and the Serge Dumont Bird Hybrids
Database (Dumont n.d.), I found four records of putative tinamou hybrids that warrant further investigation (Table 1).
Additional searches on Web of Science and Google Scholar
did not uncover other hybrids. In addition to these four cases,
McCarthy (2006) also mentioned a parapatric contact zone
between Brown Tinamou (C. obsoletus) and Traylor’s
Tinamou (C. traylori, now considered a subspecies of
C. obsoletus) in Peru, but he noted that no hybrids have been
reported. And there might have been a captive cross involving
the Tataupa Tinamou (C. tataupa) in the Olmense Zoo
(Belgium), but the other parental species was not specified.
In the following sections, I will discuss the evidence
supporting the four presumed hybrids by applying the scoring
scheme described above. Moreover, I will check whether the
parental species overlap in distribution (using data from
BirdLife International) and whether the divergence time between the parental species is realistic.

Crypturellus boucardi × cinnamomeus
In the Handbook of Avian Hybrids of the World, McCarthy
(2006) mentioned one well-documented case of hybridization
in tinamous, namely Slaty-breasted Tinamou (Crypturellus
boucardi) and Thicket Tinamou (C. cinnamomeus) which interbreed in Honduras. Two hybrid specimens were briefly
described in Monroe Jr. (1965).
Hybridization between C. boucardi and
C. cinnamomeus occurs occasionally as evidenced by
the two specimens cited above, both collected in 1937
by C. F. Underwood. They are morphologically intermediate between the two species, resembling
cinnamomeus in general aspect but being much darker
above and below, especially on the breast, and having
the light bars on the wing coverts more tawny, as in
boucardi. Apparently the isolating mechanisms (perhaps call notes in this case) are not completely effective
in areas of contact, such as the Catacamas region where
rain forest borders on arid scrub and cultivated lands. In
most of the range of the two species, however, the difference in habitat preference prevents their contact.
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Table 1

Evidence for putative hybrids in the family Tinamidae, including geographical overlap in distribution and estimated divergence times

Species 1

Species 2

Geographical
Overlap

Divergence
Time

Observation

Morphology

Genetics

Verdict

Slaty-breasted Tinamou
Crypturellus boucardi
Elegant Crested Tinamou
Eudromia elegans
White-bellied Nothura
Nothura boraquira
Huayco Tinamou
Rhynchotus maculicollis

Thicket Tinamou
Crypturellus cinnamomeus
Quebracho Crested Tinamou
Eudromia formosa
Brushland Tinamou
Nothoprocta cinerascens
Red-winged Tinamou
Rhynchotus rufescens

YES

<17 MYA

1

2

0

3

YES

<17 MYA

?

0

0

0

YES

<17 MYA

?

0

0

0

NO

<17 MYA

?

0

0

0

The statement that these species interbreed in Honduras is
supported by the current distribution maps (Fig. 1A).
Interestingly, morphological and genetic analyses suggest that
Slaty-breasted Tinamou and Thicket Tinamou are not sister
species (Bertelli and Porzecanski 2004; Bertelli et al. 2014;
Bertelli 2017). Their divergence time remains uncertain but is
probably less than 17 million years ago when the two main
tinamou subfamilies (Nothurinae and Tinaminae) likely originated. There is, however, no genetic data supporting this hybrid combination. It would be interesting to genotype the two
hybrid specimens mentioned by Monroe Jr. (1965) and provide an additional piece of evidence.

Eudromia elegans × formosa
In his zoogeographic analysis of the South American Chaco
avifauna, Short (1975, p. 192) suggested that Elegant Crested
Tinamou (Eudromia elegans) and Quebracho Crested

Fig. 1 Distribution maps of putative parental species for four hybrid
combinations: (A) Crypturellus cinnamoceus x boucardi, (B) Eudromia
elegans x formosa, (C) Nothura boraquira x Nothoprocta cinerascens,
and (D) Rhynchotus maculicollis x rufescens. The distribution of the two

Tinamou (E. formosa) may be in contact but indicated that
their interactions are unknown. Their current distributions do
indeed overlap (Fig. 1B), but no hybrids have been reported.
In addition, recent phylogenetic studies based on morphological (Bertelli et al. 2002) and genetic (Bertelli and Porzecanski
2004) data indicated that both species are clearly distinct.
More research is thus needed to assess the reliability of hybridization between Elegant Crested Tinamou and Quebracho
Crested Tinamou.

Nothura boraquira × Nothoprocta cinerascens
Short (1976, p. 2) discussed the morphological resemblance
between White-bellied Nothura (Nothura boraquira) and
Brushland Tinamou (Nothoprocta cinerascens), but offered
no clear evidence for hybridization. He wrote that “the rather
weak differentiation of Chaco marmorata [i.e. a subspecies of
Nothoprocta cinerascens] implies a recent contact with

species is indicated in red or light blue, while regions of overlap are
highlighted in dark blue. Based on data from BirdLife International and
Handbook of the Birds of the World (2020)
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Caatinga boraquira.” Both species overlap in Bolivia and
Paraguay (Fig. 1C), but no hybrids are known.
Rhynchotus rufescens × maculicollis
Finally, when describing the distribution of the Red-winged
Tinamou (Rhynchotus rufescens), Short (1975, p. 189) mentioned that the subspecies pallescens seems to intergrade with
two other subspecies (rufescens and maculicollis). The latter
one has recently been elevated to species rank based on a
distinctive song (Maijer 1996). However, these species do
not seem to overlap in distribution (Fig. 1D) and occur on
different elevation levels (Maijer 1996). Moreover, hybridization has not been reported by additional studies.

introgression between certain tinamou species (Ottenburghs
et al. 2017).
Finally, the introduced scoring system provides an easy-tounderstand and clear overview to assess the reliability of potential hybrids. A quick glance at Table 1 immediately shows
one hybrid with average support and three cases with insufficient data. This system can be easily applied to other taxonomic groups, resulting in more reliable documentation of
interspecific hybrids across the globe.
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Discussion
Checking the reliability of the sources supporting several putative tinamou hybrids revealed one well-documented case
and three doubtful records. Hybridization between Slatybreasted Tinamou and Thicket Tinamou is clearly reported
by Monroe Jr. (1965) with a concise morphological description of two hybrid specimens. However, genetic confirmation
is currently missing (Table 1). A genetic analysis of these
specimens or a population genetic study of both species might
provide an additional piece of evidence to remove all doubt.
The three other putative hybrids can be traced back to the
work of Short (1975, 1976). Careful reading of his monographs showed that these hybrid records are based on anecdotes and speculation about potential interbreeding in overlapping ranges. Although the distributional data confirm geographical overlap in two cases, the possibility of hybridization
is mainly hypothetical and not supported by additional studies. Hence, I cannot assign any points to them in the scoring
system (Table 1). These putative hybrids require further investigation, preferably with genetic techniques.
My assessment of tinamou hybrids also highlights the lack
of genetic data in this bird group. There are some genetic
studies on tinamou populations (Bertelli and Porzecanski
2004; Deck et al. 2016), but few have looked into phylogenetic relationships and potential hybridization. I could not find
precise divergence times for the species pairs and had to rely
on a maximum date that corresponds to the split between the
subfamilies Nothurinae and Tinaminae (17 million years ago,
Bertelli 2017). This date is within the range of divergence
times at which bird species still have the ability to hybridize
(on average 21 million years, Fitzpatrick 2004), but more
precise divergence times are needed to determine the reliability of these hybrids and assess the possibility of introgression.
The advent of genomic data offers exciting opportunities to
investigate whether there has been recent or ancient
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