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Abstract

Asymmetrical hybridization and gene flow can result from biotic factors, such as demographic shifts, behavioral differences,
or genetic incompatibilities, as well as abiotic factors, such as prevailing winds or oceans currents. Although birds gener-
ally circumvent these abiotic influences due to their high mobility, penguins may represent an exception, as ocean currents
can constrain their dispersal. In this study, I investigated whether ocean currents indeed lead to asymmetrical hybridization
patterns in penguins. I compiled an overview of known penguin hybrids and examined whether these hybridization events
aligned with the prevailing ocean currents. Most instances of penguin hybridization were linked to numerical imbalances
at the breeding colonies—often involving vagrant individuals—suggesting that limited mate choice is the primary driver of
hybridization between penguin species. Assessing the role of ocean currents in these events was challenging due to uncer-
tainties about the origin of vagrant individuals or cases where the hybridizing species shared the same breeding location.
Nevertheless, ocean currents do appear to play an important role in penguin hybridization dynamics. In four instances, I was
able to infer the most probable origin of vagrant individuals, showing that hybridization patterns were generally consistent
with the prevailing ocean currents. Overall, hybridization in penguins is thus shaped by a combination of abiotic (ocean

currents) and biotic factors (numerical imbalances at breeding colonies).

Keywords Genetics - Interbreeding - Introgression - Hubb’s principle - Mate choice - Sphenisciformes

Introduction

Between 10 and 20% of bird species have been reported
to have hybridized in the wild (Ottenburghs 2023). When
hybrid offspring are fertile and backcross with one of the
parental species, genetic material can introgress from one
species into the other (Rheindt and Edwards 2011; Otten-
burghs et al. 2017). Introgression is often biased toward
one of the hybridizing species due to demographic factors
(e.g., numerical imbalance in potential partners; Baker
1996; McCracken et al. 2013), behavioral differences (e.g.,
female choice; Peters et al. 2017; Lamichhaney et al. 2020),
or genetic constraints (e.g., Haldane’s Rule; Ottenburghs
2022). However, abiotic factors can also play a role in the
asymmetrical flow of genetic material. For example, wind
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patterns have been shown to influence the direction of gene
flow between certain tree species (Kling and Ackerly 2021)
and ocean currents have shaped population genetic patterns
in some aquatic organisms (White et al. 2010). Asymmetri-
cal hybridization and introgression can thus be the outcome
of the interplay between biotic and abiotic factors.

In general, abiotic factors do not markedly influence
hybridization and introgression in birds, because most avian
species are highly mobile and can actively avoid adverse
weather conditions. A notable exception might concern
penguins because the movement patterns of these flightless
birds are partly shaped by ocean currents. Indeed, genomic
analyses of extant as well as recently extinct penguin taxa
revealed that their diversification was strongly influenced by
the onset of the Antarctic Circumpolar Current (Cole et al.
2022). Moreover, patterns of past introgression between dif-
ferent penguin species are closely aligned with the prevail-
ing ocean currents around Antarctica (Vianna et al. 2020;
Cole et al. 2022). For example, gene flow between crested
penguins (genus Eudyptes) followed the clockwise direction
of the Antarctic Circumpolar Current (Vianna et al. 2020).
Given that most hybridization events in penguins seem to
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involve vagrant individuals ending up in colonies of another
species (Morrison and Sagar 2014), it is likely that ocean
currents impact hybridization patterns in penguins.

In this study, I assessed whether oceanic currents do
indeed result in asymmetrical hybridization patterns across
penguin genera. First, I made an overview of known records
of penguin hybridization, taking into account the type of
supporting evidence (i.e., observations, morphological
descriptions, or genetic analyses; following Ottenburghs
2021) and making a distinction between reports of putative
hybrid individuals and observations of mixed pairs at breed-
ing colonies (Ottenburghs and Nisbet 2025). For the sake of
completeness, I have also included captive penguin hybrids
in this overview. When possible, I deduced the most likely
origin of the vagrant individuals and checked whether their
arrival aligns with ocean currents.

Humboldt
Penguin

Magellanic
Penguin

Falkland
Islands
Chile ..

Macaroni
Penguin

Southern
Rockhopper

Moseley’s
Rockhopper

Eastern
Rockhopper

Fig. 1 Overview of hybrid penguin records—mixed pairs (blue) and
putative hybrid individuals (red)—in relation to prevailing ocean cur-
rents around Antarctica. Pictures around the map show the hybridiz-
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Reliable records of penguin hybrids

Extant penguin species (order Sphenisciformes) are
divided over six genera, of which two are monotypic
(Megadyptes and Eudyptula). No wild hybrids have been
reported in the genera Aptenodytes, Megadyptes, Pygosce-
lis, and Eudyptula. Most hybrid records in penguins have
occurred in the genus Eudyptes, and one hybrid combina-
tion has been documented in the genus Spheniscus (Fig. 1,
Table 1). Detailed descriptions of these hybrid records will
be provided in the following sections.

Captive hybrids between Adelie Penguin (Pygoscelis
adeliae) and Gentoo Penguin (Pygoscelis papua) were
housed in St. Louis Zoo, USA (International Zoo Year-
book 1968). In addition, several studies have reported gene

Type
@ Hybrid
. Mixed Pair

Currents
@ Unknown
A Yes
@ Possible
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n Island:
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Little
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Snares Penguin
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ing penguin species (image credits and source of ocean currents can
be found in the Appendix). More details about the mixed pairs and
hybrids can be found in Table 1
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flow between different Gentoo Penguin populations that
might represent multiple species (Levy et al. 2016; Vianna
et al. 2017; Clucas et al. 2018; Cole et al. 2022).

Although the genus Eudyptula currently holds only one
species (the Little Penguin, Eudyptula minor), genetic analy-
ses point to two cryptic lineages, corresponding to Australia
(E. m. novaehollandiae) and New Zealand (E. m. minor),
that might represent distinct species (Grosser et al. 2015,
2017; Cole et al. 2019b, 2022). Grosser et al. (2015) found
that gene flow occurred primarily from the Australian into
the New Zealand lineage, following the prevailing winds
and ocean currents. Moreover, genomic analyses detected
recent introgression within the New Zealand lineage (Cole
et al. 2022).

In the genus Spheniscus, wild hybrids between Humboldt
Penguin (Spheniscus humboldti) and Magellanic Penguin
(Spheniscus magellanicus) have been documented. In south-
ern Chile, Simeone et al. (2009) observed one mixed pair
attending chicks and two adults of intermediate color pat-
tern, one of which tended a chick at a nest. Genetic analyses
confirmed the occurrence of one hybrid individual. Another
genetic study reported evidence for recent introgression in
four out of six putative hybrids (Hibbets et al. 2020). The
Handbook of Avian Hybrids of the World mentions potential
wild hybrids between Magellanic Penguin and African Pen-
guin (Spheniscus demersus) based on the occurrence of dou-
ble chest bands in some individuals, but these claims could
not be verified (McCarthy 2006). Finally, captive hybrids
between Magellanic Penguin and African Penguin (Interna-
tional Zoo Yearbook 1998), and between Humboldt Penguin
and African Penguin (Modesto et al. 2018) are known from
several zoos.

Several mixed pairs and putative hybrids have been
reported in the genus Eudyptes (Fig. 1). However, most
cases are based on observations (White and Clausen 2002;
Crofts and Robson 2015) or morphological analyses (Simp-
son 1985; Woehler and Gilbert 1990), requiring genetic
confirmation. It is important to note that the number of spe-
cies within the genus Eudyptes differs between taxonomic
authorities mainly due to disagreements about the species
status of Macaroni/Royal Penguins and the classification of
three taxa of Rockhopper Penguins.

Macaroni Penguins (Eudyptes chrysolophus) are widely
distributed over a circumpolar range whereas Royal Pen-
guins (Eudyptes schlegeli) are endemic to Macquarie Island.
Royal Penguins, which are characterized by a white-faced
phenotype, used to be classified as a subspecies of the Mac-
aroni Penguin, but they have been considered as separate
species (Bertelli and Giannini 2005; Ksepka et al. 2006)
despite the lack of clear genetic differentiation (Frugone
et al. 2018, 2019; Cole et al. 2019a, b, c). Several white-
faced penguins have been reported in colonies of Macaroni
Penguins (Marchant and Higgins 1990; Morrison and Sagar
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2014), but it remains unclear whether these individuals rep-
resent rare phenotypes or hybrids between Macaroni Pen-
guin and Royal Penguin (Frugone et al. 2019). Following
the IOC World Bird List, I will consider Macaroni Penguin
and Royal Penguin as separate species. However, given the
uncertainty about the white-faced individuals in Macaroni
Penguin colonies, I have included potential mixed pairs with
a cautionary note (see Table 1).

Banks et al. (2006) suggested a classification of three
distinct species of Rockhopper Penguin, namely Moseley’s
(or Northern) Rockhopper Penguin (Eudyptes moseleyi),
Southern Rockhopper Penguin (Eudyptes chrysocome) and
Eastern Rockhopper Penguin (Eudyptes filholi). This clas-
sification has been supported by genetic analyses (Frugone
et al. 2018; Cole et al. 2019a, b, c¢), but some authors still
consider Southern and Eastern Rockhopper Penguin as a sin-
gle species with Eudyptes filholi as a subspecies of Eudyptes
chrysocome (Mays et al. 2019). Here, I follow the IOC
World Bird List (which recognizes two species—Moseley’s
and Southern Rockhopper Penguin), but I will discriminate
between the three taxa when discussing putative penguin
hybrids and mixed pairs (Table 1).

Crofts and Robson (2015) documented a mixed pair-
ing between Southern Rockhopper Penguin and Moseley’s
Rockhopper Penguin on the eastern Falkland Islands. The
pair produced a hybrid chick that did not survive. Moseley’s
Rockhopper Penguins are vagrants on the Falkland Islands,
probably originating from Tristan da Cunha or Gough Island
which are located 3800 km northeast from the Falkland
Islands. These vagrants might thus have reached the eastern
part of the Falkland Islands following the Brazilian ocean
current.

Between 1961 and 1965, one Erect-crested Penguin
(Eudyptes sclateri) has been resident during each breed-
ing season in a colony of Southern Rockhopper Penguins
at West Point Island (Falkland Islands). During the last two
seasons, it paired with a Southern Rockhopper Penguin but
the eggs did not hatch (Napier 1968). Erect-crested Pen-
guins breed on the Bounty and Antipodes Islands (in the
New Zealand region) and could have reached the Falkland
Islands through the Pacific Ocean, following the Antarctic
Circumpolar Current.

White and Clausen (2002) reported observations of at
least six apparent hybrids between Southern Rockhopper
Penguin and Macaroni Penguin on the Falkland Islands.
Because both species are resident breeders on these islands,
I could not infer whether it concerned vagrant individuals.

A museum specimen collected in 1957 from Macquarie
Island was initially identified as a Snares Crested Penguin
(Eudyptes robustus). Reexamination of the specimen indi-
cated that it was a hybrid between Eastern Rockhopper Pen-
guin and Royal Penguin (Simpson 1985). More recently,
Hull and Wiltshire (1999) reported a possible hybrid Royal
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x Eastern Rockhopper Penguin on Macquarie Island. Both
species breed on this island, so it was not possible to deduce
whether it involved a vagrant individual. However, Morri-
son and Sagar (2014) mentioned a mixed pair on Campbell
Island where Royal Penguins are vagrants, following the
sub-Antarctic ocean currents.

Woehler and Gilbert (1990) used morphological measure-
ments of the bill to describe three hybrids between Eastern
Rockhopper Penguin and Macaroni Penguin from Heard
and Marion Islands. Mixed pairs have also been observed
on Campbell Island although breeding was not confirmed
(Morrison and Sagar 2014). Since both species breed on
these islands, I could not determine whether the individuals
were vagrants.

Mixed pairs between Erect-crested Penguin and East-
ern Rockhopper Penguins have been reported on Campbell
Island and the Antipodes Islands (Morrison and Sagar 2014).
However, because both species breed on these islands, it
was not possible to infer the potential influence of ocean
currents.

Morrison and Sagar (2014) observed a male Snares
Crested Penguin breeding with a female Erect-crested Pen-
guin on the Snares Islands (New Zealand region). Erect-
crested Penguins are resident breeders on the Bounty and
Antipodes Islands and are known vagrants on Snares Island
(Marchant and Higgins 1990). Given the complex dynam-
ics of ocean currents between these islands, it is difficult
to infer whether particular currents might have driven the
Erect-crested Penguin to Snares Island.

Discussion

Most cases of penguin hybridization resulted from a numeri-
cal imbalance at the breeding colony, often involving vagrant
individuals that are outnumbered by individuals from the
resident species (Morrison and Sagar 2014; Crofts and
Robson 2015). Despite the possibilities of hybridization
due to vagrancy or mixed breeding colonies, hybrid pen-
guins appear to be quite rare, probably because of strong
prezygotic barriers that prevent “wrong” mate choice
(Pierotti 1987; Uy et al. 2018). For example, differences
in vocalizations and head ornamentation used in courtship
displays likely prevent hybridization between Moseley’s
and Southern Rockhopper Penguins (Jouventin et al. 2006).
However, a few cases suggest that some level of intrinsic
postzygotic isolation might affect certain penguin hybrids
(Price and Bouvier 2002). A mixed pair between Mose-
ley’s and Southern Rockhopper Penguins on the Falkland
Islands produced a hybrid chick that did not survive (Crofts
and Robson 2015). Similarly, the eggs from a mixed pair
of Erect-crested Penguin and Southern Rockhopper Pen-
guin failed to hatch (Napier 1968). Clearly, more research is

needed to disentangle the interplay between prezygotic and
postzygotic reproductive barriers in explaining patterns of
penguin hybridization.

In general, limited mate choice at breeding colonies
seems to be the main mechanism leading to hybridization
between penguin species. This mechanism has been reported
in other bird groups (Randler 2006), such as Indigo Buntings
(Passerina cyanea) and Lazuli Bunting (Passerina amoena)
(Baker 1996), Speckled Teal (Anas flavirostris) and Yellow-
billed Pintails (Anas georgica) McCracken et al. 2013), and
terns in general (Ottenburghs and Nisbet 2025), and fol-
lows Hubb’s principle, which states that ‘Great scarcity of
one species coupled with the abundance of another often
leads to hybridization: the individuals of the sparse species
seem to have difficulty in finding their proper mates’ (Hubbs
1955). A scarcity of conspecifics can arise when vagrant
penguins are transported to other colonies by the prevailing
ocean currents. In most penguin hybridization events, how-
ever, the role of ocean currents was difficult to assess (12
out of 16 records, 75%), because of the uncertain origin of
vagrant individuals (Marchant and Higgins 1990) or because
the hybridizing species breed on same island (Woehler and
Gilbert 1990; Hull and Wiltshire 1999; White and Clausen
2002).

Nonetheless, ocean currents do appear to contribute to
hybridization dynamics in penguins. When it was possible
to infer the most likely origin of vagrant individuals, the
pattern of hybridization could generally be explained by the
prevailing ocean currents (4 out of 16 records, 25%). Indeed,
for several (sub)species combinations, the occurrence of
hybridization aligned with the ocean currents, namely recent
gene flow between Little Penguin subspecies (Grosser et al.
2015), Southern Rockhopper Penguin x Moseley’s Rock-
hopper Penguin (Crofts and Robson 2015), Southern Rock-
hopper Penguin x Erect-crested Penguin (Napier 1968), and
Eastern Rockhopper Penguin x Royal Penguin (Morrison
and Sagar 2014). The most convincing case involved hybrid-
ization between two cryptic lineages of the Little Penguin.
Genetic analyses of nuclear markers revealed that genes pri-
marily flow from the Australian into the New Zealand line-
age, following the prevailing winds and the ocean currents
(Grosser et al. 2015). This example highlights the usefulness
of genetic data to infer the origin of hybrid individuals and
to test whether hybridization patterns align with oceans cur-
rents (Vianna et al. 2020; Cole et al. 2022). More population
genetic studies are thus required to confidently link ocean
currents to patterns of penguin hybridization.

Prevailing winds and ocean currents can thus be con-
ducive to hybridization, but they might also act as barri-
ers between colonies and species, promoting isolation and
potentially leading to speciation. Specifically, the different
characteristics of particular ocean regimes, such as sea sur-
face temperature or prey availability, can prevent dispersal
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between neighboring breeding areas (Friesen 2015; Munro
and Burg 2017). For example, Southern Rockhopper Pen-
guins on both sides of the Subtropical Convergence (where
ocean temperatures differ by 10 °C) are genetically distinct
in mitochondrial DNA (Jouventin et al. 2006). Additionally,
strong upwelling along the southern coast of Australia might
prevent dispersal between Little Penguin colonies (Over-
eem et al. 2008). These examples highlight the complex and
context-dependent role of ocean currents, which can either
facilitate genetic exchange or reinforce reproductive barriers,
ultimately shaping the evolutionary trajectories of marine
species (Friesen 2015; Munro and Burg 2017; Lombal et al.
2020).

This complexity becomes even more apparent when com-
paring Northern and Southern Hemispheres, where the influ-
ence of prevailing winds and ocean currents on genetic pat-
terns in seabirds is shaped by different geographic contexts
(Lombal et al. 2020). In the Northern Hemisphere, the pres-
ence of extensive landmasses disrupts the continuity of oce-
anic and atmospheric circulation, often limiting the dispersal
of seabirds and contributing to genetic structuring among
populations (Friesen 2015). In contrast, the Southern Hemi-
sphere is characterized by vast expanses of open ocean and
more continuous wind and current systems, which can either
facilitate or inhibit dispersal (Munro and Burg 2017). While
it is clear that winds and ocean currents shape patterns of
gene flow in both hemispheres, the extent to which contrast-
ing geographic configurations—the fragmented oceans of
the north versus the open expanses of the south—drive these
differences remains insufficiently understood, highlighting a
valuable opportunity for further comparative research.

Taken together, hybridization patterns in penguins can be
explained by a combination of abiotic (i.e., prevailing ocean
currents) and biotic (i.e., numerical imbalance at breeding
colonies) factors. It remains to be determined whether simi-
lar dynamics influence hybridization in other bird groups,
such as terns (Ottenburghs and Nisbet 2025) and long-dis-
tance migrants (Leighton et al. 2021), whose movements
might also be affected by strong wind and ocean currents.

Appendix
Image credits

Little Penguin: https://www.goodfon.com/animals/wallp
aper-ptitsa-pingvin-goluboi-sinii-bereg.html.

Erect-crested Penguin: https://snl.no/hornpingvin.

Eastern Rockhopper: https://www.flickr.com/photos/
flowcomm/14205224511.

Southern Rockhopper: https://upload.wikimedia.org/
wikipedia/commons/e/ee/Gorfou_sauteur_-_Rockhopper_
Penguin.jpg.
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Magellanic Penguin: https://www.flickr.com/photos/ansch
ieber/17328245866.

Moseley’s Rockhopper: https://animalia.bio/index.php/
rockhopper-penguin.

Humboldt Penguin: https://www.flickr.com/photos/
wwarby/3302583709.

Royal Penguin: https://animalia.bio/royal-penguin.

Snares Penguin: https://animalia.bio/snares-penguin/
1000.

Macaroni Penguin: https://www.flickr.com/photos/ferni
cola/8331027494.

Ocean currents: https://www.amerigeo.org/datasets/24bfd
85e97b042948e6ed4928dc45a8b_0/explore?layer=11&locat
ion=-1.425893%2C18.503802%2C1.82.
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