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genic influence caused the intermixing to occur. However, critics propose that hu-
mans should respect non-human autonomy, reject and accept the creatures they

have helped to create.

. Based on two case studies of our own ethological, genetic and ethnographic re-

search about chimpanzee and orangutan subspecies hybrids, we assess what, if
anything, should be done about such animals. We consider problems posed by
cross-bred apes relating to: (a) Breeding—Do hybrids really experience reduced re-
productive success? How are population-level concerns and welfare of individual
animals balanced in conservation breeding? (b) Essentialism—Are anti-hybrid argu-
ments based on essentialist or purist thinking? Does essentialism vary by conser-
vation context? (c) Pragmatism—How do socio-economic circumstances influence
whether hybrids are embraced or ignored? Does the erosion of ‘untouched nature’

render hybrids more important?

. We show that answers to these questions are complex and context-specific, and

that therefore decisions should be made on a case-by-case basis. For example, we
find that anti-hybrid arguments are essentialist in some cases (e.g. ape manage-
ment in zoos) but not in others (e.g. ape reintroduction). Thus, rather than present
recommendations, we conclude by posing nine questions that conservationists

should ask themselves when making decisions about taxonomic hybrids.

KEYWORDS

1 | INTRODUCTION

In conservation, hybrid animals are often viewed as problematic, at
least if human influence led to the interbreeding (Allendorf et al., 2001).
This reflects mainstream conservation philosophy, which seeks to pre-
serve non-human organisms and ecologies with minimal anthropogenic
interference (Paquet & Darimont, 2010; Vucetich & Nelson, 2007).

conservation, genetics, great apes, hybrid, species, taxonomy

Conservationists have therefore aimed to prevent inter-mixing be-
tween: domesticated and wild forms (e.g. domestic and Scottish wild-
cats, Fredriksen, 2016; domestic dogs and wolves; Peltola & Heikkila,
2018); closely related animals encountering each other in human-
modified landscapes (e.g. coyote-wolf cross-breeds or ‘coywolves’;
Rutherford, 2018); and native populations with introduced animals (e.g.
rainbow/westslope cutthroat trout hybrids in Western USA; Allendorf
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et al.,, 2001; released pet marmosets mixing with other Callithrix popu-
lations in Brazil; Malukiewicz, 2019).

As we move deeper into the Anthropocene, with humans increas-
ingly shaping global climate and environments (Lewis & Maslin, 2018),
critics of anti-hybrid conservation policies propose that we should
‘love our monsters’ (to use Bruno Latour's phrase): care for the new
creatures humans have generated (Rutherford, 2018), instead of cull-
ing or sterilising them (Fredriksen, 2016). Critics also consider anti-
hybrid policies as reflecting essentialist (purist) thinking (Biermann
& Mansfield, 2014; Fredriksen, 2016; Rutherford, 2018), analogous
to racism.

Related to such debates, several key questions emerge:

1. Does hybridisation affect breeding success?
2. lIs anti-hybrid management guided by essentialist thinking?
3. Should conservation in the Anthropocene aim to suppress taxo-

nomic hybridisation?

We evaluate these concerns via two case studies of subspecies
hybridisation in non-human great apes (hereafter, apes), based on our
own empirical research. While hybrids in general are ‘unloved’ conser-
vation subjects (Mitchell, 2016), hybrid apes are less easily dismissed
due to their liminal status as ‘almost human’ (Corbey, 2005; Cribb
et al., 2014; Haraway, 1989). Because of this threshold position, the
prospect of human-ape cross-breeding has been a subject of fascina-
tion and worry, with representations of human-ape hybrids in art and
literature serving as commentaries on human society, including ideas
about race (Cribb et al., 2014; Sommer, 2007). Apes have also gathered
particular attention in initiatives related to animal rights (Cavalieri &
Singer, 1994) and species protection (Palmer, 2020). As a result, hybrid
apes are best viewed as simultaneously loved and unloved conserva-
tion subjects.

A focus on apes is thus especially useful to guide thoughts about
the aforementioned key concerns relating to hybrids: reproduction,
essentialism and pragmatism. We do not ultimately aim for clear
recommendations, but rather use our case studies to illustrate the
complexity of the problem.

2 | KEY PROBLEMS: BREEDING,
ESSENTIALISM AND PRAGMATISM

Before engaging with our exemplary cases, we sketch out important
facets of hybrid-related debates.

2.1 | Breeding

Lifetime reproductive output (an animal's number of offspring) is
an indicator of biological fitness, which refers to the ability to sur-
vive and reproduce. Having offspring can also in some cases serve
as a measure of animal welfare. Impaired reproduction might in-

dicate poor health and welfare, in both wild and captive animals

(Broom, 1991). Reproduction can also improve animal welfare by
enabling the expression of parental—and in particular maternal—
care. Thus, preventing reproduction (e.g. sterilisation, contraception)
may have negative effects on animal welfare (Asa, 2016). Yet mating,
gestation and lactation can also be stressful, and in captivity there
is often an incentive to encourage rapid breeding without allowing
females sufficient recovery time (Asa, 2016). Thus, in captive situ-
ations where humans control breeding, reproduction should not in
itself be taken as a sign of good welfare (although it sometimes is,
e.g. in farming contexts; Broom, 1991; Fraser, 2003).

In any case, hybridisation may have positive or negative effects
on survival and reproduction. Those who view mixed breeds as
negative will point to outbreeding depression, which is thought to
compromise existing adaptations to local environments or to break
up co-adapted gene complexes, thereby creating ‘untested’, poten-
tially harmful combinations. These effects may not manifest until
the second generation, while first-generation effects appear to be
more common in plants than animals (Edmands, 2007). Intermixing
incompatibility is generally more common in mammals and frogs
than other taxa (Edmands, 2007). There is indeed empirical evi-
dence for inter-population variation causing chromosomal incom-
patibilities and thus sterility in otherwise healthy hybrids (e.g.
spider monkeys, Ralls et al., 2013; owl monkeys, De Boer, 1982),
or to the loss of local adaptations (e.g. hybrid ibex females birthed
their calves too early in the season, leading to mass deaths;
Frankham, 2010).

On the other hand, a lack of admixture can cause inbreeding de-
pression, including expression of deleterious recessive traits (Keller
& Waller, 2002; Lynch & Walsh, 1998) and reduced advantageous
heterozygosity. These effects may manifest themselves in higher
incidences of disease and parasite load (Frankham, 2010) or lower
breeding success (e.g. in endangered New Zealand birds like the ka-
kapo; White et al., 2015). Hybridisation is one way to mitigate inbreed-
ing depression, when genes from other populations instil hybrid vigour
or heterosis (Edmands, 2007). This upshot is capitalised upon in indus-
tries of livestock (e.g. ‘black baldy’ cattle; ‘blue butt’ pigs; ‘Cornish-
Rock’ poultry) and domestic pedigree dogs (Yordy et al., 2020), and
in conservation, for example to aid the recovery of the highly inbred
and isolated population of Florida panther (Whiteley et al., 2015). In
addition, admixture of previously distinct lineages may be favoured
by natural selection (Ackermann et al., 2019), revealing hybridisa-
tion as a ‘creative’ force for evolution (Biermann & Mansfield, 2014;
Fredriksen, 2016). In transgressive segregation, a fresh hybrid lineage
may colonise a novel niche (e.g. cross-breeding of the now-extinct
Aurochs and Caucasian wisent produced the European bison; Wecek
et al., 2017). Such reticulate evolution (Arnold & Meyer, 2006) is also
evidenced by cross-breeding between primate subspecies, spe-
cies and even genera (e.g. Eulemur lemurs; Arnold & Meyer, 2006;
Hylobates gibbons, Matsudaira & Ishida, 2020; cf. also Zinner et al.,
2011). In baboons (Papio spp.), some populations consist of >30%
hybrid individuals (Ackermann et al., 2006), and cross-breeding
may even happen with distinct genera (Rungwecebus, Theropithecus;
Walker et al., 2019; Zinner et al., 2009).
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Consequently, hybridisation is not only quite common, but often
advantageous for survival, breeding and speciation. Despite such ev-
idence, there are those who point to negative sides of cross-breeding,
advocating that it should be prevented, or that hybrids be culled or
sterilised. In zoos, such fate is commonly suffered by ‘surplus’ ani-
mals, that is, those not wanted for breeding or exhibition (Asa, 2016).
Hybrids may be deemed surplus based on the idea that captive pop-
ulations should resemble wild counterparts (Hvilsom et al., 2013) so
that zoos can act as ‘arks’ to repopulate the wild (Braverman, 2012).
For example, a German zoo killed tiger cubs after discovering that
their sire was not pure Siberian tiger, but rather a subspecies hy-
brid (Hance, 2010). Given that reproduction may positively impact
welfare, animals are sometimes allowed to breed, to then have their
offspring culled (Asa, 2016; Braverman, 2012). Veterinarians and zoo
managers often maintain that ‘death is not a welfare issue’, provided
animals are killed humanely. However, dissenters point out that
preventing animals from curtailing positive forthcoming life stages
does indeed harm their wellbeing (Yeates, 2010). Animal libera-
tion and rights approaches similarly object to culls, on the grounds
that animals are entitled to life and to an autonomous existence
(Gruen, 2011).

Deciding what to do about hybrids therefore involves weighing
population-level concerns against the interests of individual ani-
mals (Vucetich & Nelson, 2007), for example preventing genetically
impure animals from experiencing mating and raising offspring for
the sake of population genetics. Prioritisation of populations at the
expense of individuals has been referred to as ‘violent care’ (van
Dooren, 2014). It has also been described as a typical, albeit con-
troversial, approach to conservation biopolitics: management aimed
at making certain non-humans live and letting others suffer or die
(Srinivasan, 2014).

Important questions to be asked about breeding are therefore:

1. Do hybrids really experience reduced reproductive success?
2. How are population-level concerns and welfare of individual ani-

mals balanced in conservation breeding?

2.2 | Essentialism

Hybrids break down conventional boundaries between taxonomic
categories (‘liger’, ‘tigon’) and between nature and culture if domes-
tic and wild animals cross-breed (‘beefalo’; see also Fredriksen, 2016;
Peltola & Heikkild, 2018; Rutherford, 2018). Imagined hybrids can
also dissolve borders between humans and animals (centaur, sphinx).
Because such fusions challenge our ambiguity tolerance (Bryson
et al., 2020), hybrids are often viewed as simultaneously captivating
and unsettling, even monstrous (Haraway, 1985; Messy Beast, n.d.;
Ritvo, 1997; Rutherford, 2018).

Taxonomy as a branch of biological science is linked to the funda-
mentally cultural practice through which humans seek to understand
the world (Kirksey, 2015; Ritvo, 1997; Rutherford, 2018). The order-

ing of organisms is therefore conducted within social and political

contexts. In Western tradition, its origins can be traced back to Plato
and his conviction that categories are ‘real’ entities that exist in a
perfect realm as ideal forms and eternal essences, while the world
that we perceive is populated by imperfect incarnations of these ide-
als (Kraut, 2017; Zachos, 2016).

Many pre-Darwinian taxonomists and philosophers, inspired
by Plato, tended to adhere to such ‘essentialist’ view in which each
single species is immutable and defined by a necessary and suffi-
cient property—its ‘essence’—that each individual member shares
(Zachos, 2016, 18). Still, while other pre-Darwinian thinkers acknowl-
edged variation within species and the potential for them to change
over time (Richards, 2010; Wilkins, 2009; Winsor, 2006; Zachos, 2016),
essentialist positions did still flare up in post-Darwinian discourses.
Importantly, the biological species concept (BSC; Dobzhansky, 1937;
Mayr, 1942) treats species as more real and discrete than Darwin
(Mallet, 2010). The classic framing of the BSC maintains that species
are reproductively isolated through pre-breeding (e.g. different mat-
ing behaviour) or post-mating separation (e.g. hybrid inviability). In this
view, hybridisation is negative for both individuals and their source
populations and often implied to be a product of scarcity of conspe-
cific mates (Ottenburghs et al., 2016; Detwiler et al., 2005) or acci-
dent (e.g. climate change bringing previously geographically isolated
species into contact; Shurtliff, 2013). Alternatively, concepts of ‘spe-
ciation genes’ are invoked as causes of hybrid sterility and inviability
(Coyne & Orr, 2004). Some contemporary philosophers also champion
a ‘new biological essentialism’, according to which certain relationships
among organisms and environments are necessary and sufficient for
membership in a species, and that these associations constitute in-
trinsic species essences (see Ereshefsky, 2017). Natural historians are
often at least implicitly touched by such ideas. Instead, as passionate
nature lovers, they collect, group and name specimens of organisms—a
hands-on tradition on which today's conservationists often still rely
(Biermann & Mansfield, 2014). In any case, essentialist views are nec-
essarily static as they cannot easily accommodate cross-overs and
tend to invoke more or less stringent ideas of ‘purity’.

However, it should be remembered that the BSC—which casts hy-
bridisation in a largely negative light—is by no means the only species
definition, but that competing approaches are based on factors such as
niche differentiation, genotypic clustering and morphology (reviewed
in Zachos, 2016). Opinions are mixed on how to resolve the diversity
of species concepts. Monists aim for one ‘true’ definition, arguing that
all approaches ultimately get at the same thing (e.g. ‘unified species
concept’, de Queiroz, 2005). Pluralists argue that no single correct
definition exists, with radical views maintaining that the term ‘spe-
cies’ is not a real category in nature (Ereshefsky, 2017; Zachos, 2016)
or that we ought to abolish the Linnaean system of taxonomy alto-
gether (Ereshefsky, 2000). A key problem lies in the fact that species
definitions will necessarily impose a discrete ordering system onto
continuous life forms and processes (Zachos, 2016)—a philosophi-
cally impossible task. Taxonomy will therefore always remain messy
and debatable, notwithstanding its value for conversations about
the diversity of life, and how forms change and relate to one another

(Kirksey, 2015). In any case, given their effect on our assessment and
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understanding of biodiversity management, we need to continue to
carefully scrutinise species concepts (Freudenstein et al., 2017).

At the minimum, current distinctions between species and other
taxonomic units are not consistent. This becomes relevant in a polit-
ical context where scarcity is valued over abundance in the natural
world. Highly endangered species are likely to receive most attention
in terms of conservation, creating an incentive to split rather than
lump taxa (Agapow et al., 2004; Braverman, 2015; Mitchell, 2016).
For example, relatively few previously unknown types of non-human
primate were discovered in their natural habitats during the last
50 years. Yet, based on largely loosely defined criteria relating to
genetic markers, vocal communication, morphology or behaviour,
many already described primate taxa were split, resulting in an in-
crease in primate species from 180 in 1967 to 480 in 2013 (Zinner &
Roos, 2016). As a case in point, in 1992 Madagascar was described
as harbouring two species of the mouse lemur Microcebus; two de-
cades later, the number of species had grown to at least 20 (Yoder
etal., 2016), and may yet increase beyond the currently recognised 24
species (SchiBler et al., 2020). All these new species can likely inter-
breed. Thus, humans sometimes create the very categorical prerequi-
sites without which a ‘hybridisation’ would not occur in the first place.

Essentialist thinking still easily crops up in conservation practice
as the default, never mind that such views have become untenable
in light of evolutionary theory (Ereshefsky, 2017). Biermann and
Mansfield (2014, 266) point out that conservationists often insist
‘on the relative purity of species and the need to defend that purity
from threats’ such as combining different organismic varieties and
introducing non-native species, despite their overall aim of fostering
and promoting natural diversity. The authors propose that this ap-
parently contradictory effort to maintain ‘purity within diversity’ (p.
268) resembles ideas about race in humans, echoing the frequently
made accusation that anti-invasive species sentiment is xenophobic
and racist (Simberloff, 2003; Switzer & Angeli, 2016). In a similar
vein, Fredriksen (2016, 692) argues that efforts to prevent hybri-
disation of domestic cats and Scottish wild cats reflect a desire to
preserve ‘static, set forms or essential categories’, at the expense of
promoting change and ‘inventive life’.

Important questions to be asked are therefore:

1. Are anti-hybrid arguments based on essentialist or purist thinking?

2. Does essentialism vary by conservation context?

2.3 | Pragmatism

Systematics and efforts to preserve nature are both political practices.
The extent to which conservationists care about admixture between
taxa is therefore variable. For example, despite the finding that it
was technically a ‘feral hybrid’, Indonesian primatologists described
a macaque as endemic to the Togean islands because identifying a
unique species was important for developing Indonesian conserva-
tion biology, attracting foreign donors and enlisting interest in the is-

lands (Lowe, 2006). Similarly, protecting domestic cat/Scottish wildcat

cross-breeds may be strategically useful to prevent gamekeepers (who
are legally entitled to cull feral cats) from killing wildcats and mostly
wildcat hybrids (Langridge, 2020). Relatedly, in the Galapagos, breed-
ing between ‘immigrant’ and ‘resident’ finch species produced off-
spring with uniquely large beaks and bodies. These ‘big bird’ finches
are ecologically successful and reproductively isolated from their
parental types, and have been embraced by scientists (Lamichhaney
etal., 2018).

Thus, conservationists may selectively weigh species indigene-
ity against taxonomic ambiguity, akin to ‘strategic essentialism’ em-
ployed by ethnic, national and other groups who simplify their shared
characteristics when politically expedient (Eide, 2010). Whether we
‘care’ or not about hybridity is therefore shaped by socio-economic
and political circumstances. For example, conservation action plans
tend to be directed towards the lowest levels of classification (i.e. sub-
species and even populations; e.g. see IUCN/SSC Primate Specialist
Group, 2020). This trend is perpetuated by the presence of multiple
regionally dispersed initiatives that compete for attention and fund-
ing, stressing the uniqueness of their special charges (Palmer, 2020),
which in turn fuels concerns about hybridisation. However, critics
may argue that the uniqueness of small, isolated populations is over-
inflated, simply reflecting genetic drift rather than specific adapta-
tions (Quilodran et al., 2020), implying that action plans should be
directed towards higher-level taxonomic categories.

Another key factor shaping views is the increasingly pervasive
effect of humans on the non-human world, which makes it more
difficult to preserve ‘untouched’ nature and to advocate a view of
nature and society as separate. As populations decline due to rapid
habitat modification, it may become impossible to maintain enough
genetic diversity within species without passive (natural) or facili-
tated (human-aided) intermixing of types. For example, wildfires in
Australia have prompted considerations of assisted gene flow or ge-
netic restoration to ensure the survival of the two to three subspecies
of the emblematic koala (Seddon & Schultz, 2020). Thus, conserva-
tion in the Anthropocene could increasingly seek to employ ‘post-
natural’ and future-oriented, ‘experimental’ approaches rather than
preserve past environments (Collard et al., 2015; Fredriksen, 2016;
Lorimer & Driessen, 2013; Rutherford, 2018).

However, critics worry that such approaches will lead to ho-
mogenisation and the loss of unique typologies, causing ‘spe-
ciation reversal’ (Kearns et al., 2018). Furthermore, post-natural
conservationists may be too eager to view ecosystems as resilient
against anthropogenic threats, and to ignore the need to restore
the environmental ‘ruins’ resulting from anthropogenic activities
(Collard et al., 2015). Viewing humans and non-humans as ‘entan-
gled’ co-creators of environments may also mask human dominance
over other life (Giraud, 2019). In short, the argument that ‘nature is
dead’ and what remains should be managed for the benefit of peo-
ple, as suggested by some so-called ‘new’ conservationists (Blscher
& Fletcher, 2019), gives less incentive to restore and protect eco-
systems. The erosion of the nature-culture divide could therefore
help usher in further anthropogenic modification of the natural

world, thus negatively affecting free-living non-humans, who are
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often clearly better off without anthropogenic interference (van
Dooren, 2016). Thus, some ecomodernists argue that we should
protect nature from further human activities, while others believe
that technological solutions can and should be used to promote the
coexistence of people with wildlife (e.g. using satellite telemetry to
warn about approaching elephants; Venkataraman et al., 2005).
Important questions to be asked about pragmatism are therefore:

1. How do socio-economic and political circumstances influence
whether hybrids are embraced or ignored?
2. Does the erosion of ‘untouched nature’ render hybrids more

important?

3 | CASES: CHIMPANZEE AND
ORANGUTAN SUBSPECIES HYBRIDS

To illustrate the ramifications of the outlined conservation-related
problems, we describe two case studies, based on our own research.
Both involve the release of apes belonging to multiple subspecies
into the same area, which led to hybridisations.

The first example, reflecting ethological and genetic research
by J.N.M. (Msindai et al., 2021; Msindai & Sommer, 2021), refers
to the chimpanzees Pan troglodytes of Rubondo island. In the early
1960s, Bernhard Grzimek, then director of the Frankfurt Zoological
Garden in Germany, envisioned turning the island of Rubondo in the
Tanzanian part of Lake Victoria in East Africa into a ‘sanctuary for
threatened animals’ (Grzimek, 1970, 14). Bolstered by Grzimek's
status as an honorary trustee of Tanganyika National Parks, various
non-endemic large mammals such as antelopes, elephants and colo-
bus monkeys were transported between 1966 and 1973 to the 237
km?island, which in 1977 became Rubondo Island National Park. The
introductions also included 16 ex-captive chimpanzees (7 males, 9
females) brought in from various European zoos, animal traders and
circuses. The apes were set free without prior rehabilitation or train-
ing in foraging or nest-building skills. Some mortality notwithstand-
ing, the founder animals adapted to the wild and began to breed.
Today, Rubondo is home to at least 35 chimpanzees. Population
growth was aided by the absence of other apes and large terrestrial
carnivores as well as effective protection from anthropogenic dis-
turbance, with the natural forest cover intact (Huffman et al., 2008).

The currently recognised subspecies of Pan troglodytes are P.
t. verus (West Africa), P. t. troglodytes (Central Africa), P. t. schwein-
furthii (East Africa) and P. t. ellioti (Cameroon and Nigeria). Our own
genetic analyses revealed that the Rubondo founder population in-
cluded individuals from the subspecies P. t. verus and P. t. troglodytes
(Msindai et al., 2021). Thus, the current population consists of hy-
brids of these two subspecies, while the nearest native range is that
of P. t. schweinfurthii.

Our second case study refers to ape hybrids resulting from reha-
bilitation and reintroduction (R&R) of orangutans Pongo pygmaeus in
Southeast Asia, based on multi-sited ethnographic research by A.P.

(Palmer, 2020). Since the 1960s, around 2,200 orangutans, former pets

or rescued wild apes displaced by habitat destruction, were returned to
forests of Borneo and Sumatra by R&R initiatives. Various taxonomic
reclassifications have occurred since reintroduction first began (sum-
mary in Goossens et al., 2009). While Bornean and Sumatran orang-
utans were considered subspecies in the late 1960s, they were elevated
to separate species in the early 2000s, with P. pygmaeus on Borneo
and P. abelii on Sumatra. Soon after, three Bornean subspecies were
described: P. p. pygmaeus in the northwest, P. p. wurmbii in centre and
south, and P. p. morio in the northeast. However, the legitimacy of this
taxonomy continues to be debated, given potentially as much genetic
difference within as between subspecies (Arora et al., 2010). The de-
scription of a new species of orangutan south of Lake Toba on Sumatra,
P. tapanuliensis (Nater et al., 2017), further complicates matters.

In any case, R&R projects have led to taxonomic admixture. Thus,
while Tanjung Puting National Park is in the range of P. p. wurmbii,
two female P. p. pygmaeus were inadvertently released into this
part of Indonesian Borneo (Banes et al., 2016), an error that led to
breeding between subspecies. Such admixture has likely happened
elsewhere, including the possibility that Sumatran and Bornean
orangutans were released on the wrong islands (Yeager, 1997).

In both our case studies, hybridisations were unintentional, aided
by the fact that current subspecies classifications had not yet taken
firm hold. While Rubondo island apes are unable to breed with native
chimpanzees, the Bornean orangutans released into Tanjung Puting
can mix with wild conspecifics. Both cases touch upon debates about
the implications of hybridisations—including zoo management.

4 | LESSONS: WHAT CHIMPANZEE
AND ORANGUTAN RELEASES MEAN FOR
HYBRIDS IN CONSERVATION

We now consider the implications of the Rubondo chimpanzees and

Bornean orangutans for our key questions.

4.1 | Breeding

4.1.1 | Do hybrids experience reduced reproductive
success?

Hybrids may theoretically experience compromised survival and re-
production if their genetic make-up differs with respect to the local
adaptations of their parental lineages. Indeed, in both chimpanzees
and orangutans, subspecies exhibit some typical phenotypic charac-
teristics. In chimpanzees, face colours vary (bronze-like in P. t. sch-
weinfurthii, deep black in P. t. troglodytes, both black and white in P.
t. ellioti, while the pink of P. t. verus newborns later turns dark), and
P.t. schweinfurthii has the longest hairs. However, these variations
might not be adaptations per se (Jenkins & Napier, 1976). Similarly,
the larger size of western chimpanzees is thought to reflect on-
togenetic scaling rather than fundamental differences in shape

(Shea, 1984). However, at least eastern chimpanzees may possess
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unique genetic adaptations to viral pathogens (Schmidt et al., 2019).
Furthermore, in theory intrinsic genetic incompatibilities may exist
between subspecies, which may in turn lead to reduced reproduc-
tive output or fitness in hybrid offspring (Ely et al., 2005). Bornean
orangutan subspecies likewise vary in coloration, with P. p. morio
sometimes referred to as the black Bornean orangutan due to their
dark pelage. Especially female P. p. morio also have larger jaws and
smaller heads, potentially to cope with dietary stress (Taylor, 2009).
Moreover, compared to Sumatran orangutans, Borneans in general
show faster-paced life histories, a trend most pronounced in P. p.
morio (van Schaik, 2013).

As for behavioural traits, while chimpanzee populations differ in
social customs and tool-use pattern, (Whiten et al., 1999), these cul-
tural variations are more expressed within subspecies than between
(Kalan et al., 2020), perhaps reflecting that all shared a common
ancestor until about 500 K years ago (Gonder et al., 2011). As for
orangutans, Sumatrans tend to be more gregarious than Borneans.
At a subspecies level, P. p. morio also exhibit the greatest reliance on
non-fruit fallback foods and smallest female home range sizes. Given
that Bornean orangutan population substructures have emerged in
just the last 80 K years (Nater et al., 2015), such differences are likely
a product of behavioural plasticity rather than genetic variation (van
Schaik, 2013).

There is no evidence of outbreeding depression on Rubondo; the
chimpanzee population grew annually by at least 3.3%, one of the
highest rates compared to native communities (Msindai et al., 2021).
The ultimate outcome of the Tanjung Puting situation is inconclusive,
as one of the two ‘misplaced’ P. p. pygmaeus females and her P. p.
pygmaeus x P. p. wurbmii offspring had rather poor health and few
offspring, while the other was highly successful (Banes et al., 2016).
In zoos, the offspring of different chimpanzee subspecies have
higher reproductive rates compared to non-hybrids (Ely et al., 2005).
Offspring of Sumatran and Bornean orangutans may experience re-
duced fertility and survival (Cocks, 2007), but there are no data on
the outcomes of subspecies cross-breeding. In short, there is less
evidence that subspecies hybrids suffer from reduced survival and
reproduction than evidence to the contrary (cf. also van Schaik, cited
in Palmer, 2020,143; van Schaik, 2013).

4.1.2 | How are population-level concerns and
welfare of individual animals balanced in conservation
breeding?

The hybrids resulting from releases on Rubondo and Bornean were
not subject to specific management measures—if only because at the
time current taxonomic classifications were not a matter of concern.
However, captive ape hybrids are often targets of specific breeding
policies, although there is no consistent approach.

For chimpanzee breeding programmes in the United States, sub-
species identities are of no concern, neither for the roughly 400
zoo-kept individuals [S. Ross, studbook keeper for the chimpanzee

SSP (Species Survival Plan), pers. comm. to J.N.M.] nor in biomedical

facilities (National Research Council Committee on Long-Term Care
of Chimpanzees, 1997). In contrast, since 2015, Japan's roughly 300
chimpanzees have been separated into P. t. verus and all the rest; the
two groups are not permitted to breed (M. Huffman, pers. comm.
to J.N.M.). Similarly, the European Association of Zoos and Aquaria
(EAZA) is making efforts to genetically test the 728 chimpanzees in
its accredited zoos. The 359 already tested individuals are separated
into breeding pools for P. t. verus and P. t. troglodytes, while numbers
of P. t. schweinfurthii and P. t. ellioti are considered too low to warrant
coordinated action [F. Carlsen and T. de Jongh, chimpanzee EEP (SSP)
coordinators, pers. comm. to J.N.M.). Already, since the early 2000s,
a breeding moratorium was imposed for 102 identified hybrids, and
this is now extended to all newly identified hybrids or not-yet-tested
individuals. EAZA aims to reduce the number of hybrids, while grow-
ing the non-mixed populations. However, a 2016 viability assessment
established that under current management plans, P. t. verus would
decline in the short- to mid-term. Therefore, a few individuals that are
not P. t. verus (with desirable behavioural skills or breeding experience)
were selected to bolster the stock of the Western chimpanzees. For
hybrids, the long-term plan is nevertheless to reduce them to zero (F.
Carlsen and T. de Jongh, pers. comm. to J.N.M.).

When Bornean and Sumatran orangutans were first identified as
separate subspecies, captive-bred hybrids were labelled ‘highly un-
desirable’ (van Bemmel, 1968, 14). It was feared that such ‘cocktail’
apes (Mallinson, 1978, 69) would divert resources for the production
of ‘pure-bred stock’ (Mallinson, 1978, 75) needed to create viable
captive populations or 1 day repopulate the wild (Braverman, 2012).
Therefore, in 1985 the orangutan SSP within the US-based
Association of Zoos and Aquariums (AZA) issued a moratorium on
cross-breeding, supplemented in 1994 by a recommendation to
sterilise hybrids via surgery if housed in a situation where breeding
could be possible (Orangutan SSP, 2015). At the same time, the SSP
advised zoos to retain their hybrids, although some commentators
proposed sending them to ‘retirement sanctuaries’ (Lindburg, 1991)
or culling them (Lacy, 1995). At least some were sent to roadside at-
tractions (Green, 1999). Today, while Bornean and Sumatran orang-
utans are separated, North American zoos do not manage Bornean
orangutans at a subspecies level because of a lack of individuals or
facilities (Orangutan SSP, 2015). In Europe, EAZA maintains that be-
cause zoos have been ‘mixing’ subspecies for a long time, there is lit-
tle chance of unravelling admixtures (Bemment, 2018). Across Asia,
no consistent management plan exists, not least because a 2018
study found that 14% of zoo-kept orangutans were of completely
unknown origin, while the assigned provenance of another 7% is
questionable due to an unreliable test (Banes et al., 2018).

Thus, captive hybrid apes, like other ‘unloved’ subjects of con-
servation, often have their welfare compromised for the sake of the
population. Being ‘consigned to genetic irrelevance’ (Chrulew, 2011,
150), they are prevented from breeding, which deprives them of a psy-
chologically important experience (Asa, 2016; Braverman, 2012), and/
or they are moved out of socially functional groups or housed alone.
Thus, population-level concerns trump the welfare of many individuals

held in captivity.
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4.2 | Essentialism

We now consider whether anti-hybrid conservation management
reflects an essentialist or purist stance towards taxonomic units, and

whether this varies depending on the context.

4.2.1 | Are anti-hybrid arguments based on
essentialist thinking?

Orangutan researcher Carel van Schaik views the prevention of mix-
ing taxa in zoos as essentialist: it ‘sounds like this obsession with
pure lines - it's almost a bit racist’ (cited in Palmer, 2020, 144-145).
Van Schaik reasons that zoo orangutan hybrids probably do not suf-
fer from compromised genetics and are unlikely to ever be released
back to the forest. Zoo breeding programmes are commonly criti-
cised because often captive populations are not genetically viable
and there is no suitable release habitat, meaning that captive-bred
animals are hardly ever set free (Braverman, 2012). Some oran-
gutans (Bullo, 2015) and chimpanzees (Grzimek, 1970; Hannah &
McGrew, 1991) have been released from zoos, although arguably
they did little or nothing for species preservation, given relatively
large populations remaining in the wild (Beck, 2019; Palmer, 2020).
Furthermore, if apes are reintroduced, priority should reason-
ably go to the at least 1,200 orangutans (Palmer, 2020; Sherman
etal., 2020) and 1,100 chimpanzees (Trayford & Farmer, 2013) being
kept in habitat-country sanctuaries rather than zoos.

There is therefore little reason to think that maintaining geneti-
cally ‘pure’ populations in captivity is harmful to the apes, or neces-
sary for conservation. Thus, there are reasons to view the exclusion or
prevention of hybrids from zoo breeding programmes as essentialist
or purist, a situation that has been likened to racism (Cribb et al., 2014,
228; see also Biermann & Mansfield, 2014; Fredriksen, 2016) and crit-
icised by some scientists (Cribb et al., 2014, 228).

4.2.2 | Does essentialism vary by conservation
context?

If it occurs ‘naturally’, mixing taxa is not commonly viewed as prob-
lematic (Allendorf et al.,, 2001; Stronen & Paquet, 2013). Among
these unproblematic ‘natural’ hybridisations, chimpanzee subspecies
P. t. ellioti have been known to mate with P. t. troglodytes in central
Cameroon (Gonder et al., 2011; see also Bowden et al., 2012), and P. t.
troglodytes with P. t. schweinfurthii near the Ubangi River in DR Congo
(Hvilsom et al., 2013). On the other hand, mixing caused by humans
(e.g. via reintroduction and translocation) is seen as interfering with
the process of evolution (Palmer, 2020). For this reason, researchers
such as van Schaik view the prevention of taxonomic admixture in re-
introduction as desirable, if one can do it (in Palmer, 2020, 145-146).

However, even that argument is debatable, because humans have al-
ready significantly shaped the distribution and genetic structures of both

chimpanzees and orangutans. In historic times, chimpanzees occurred

across a wide belt of equatorial Africa (McBrearty & Jablonski, 2005),
but were driven to extinction in Gambia, Benin, Burkina Faso, Togo and
Zambia (Humle et al., 2016). Similarly, hunting and habitat modification
after the late Pleistocene led to a decline in distribution and abundance
of orangutans (Spehar et al., 2018). On Borneo alone, 150,000 individ-
uals might have been lost between 1995 and 2015 (Voigt et al., 2018).
Given this level of human interference in the non-human world, the
world is itself increasingly acknowledged to be a ‘hybrid’ co-created by
human and non-human actors (Whatmore, 2002). This vision of nature
and culture as intertwined underpins the field of ethnoprimatology,
which maintains that non-human primates rarely, if ever, live in a ‘natu-
ral’ setting free from human influence (Fuentes, 2012).

Anti-hybrid policies in reintroduction could therefore be viewed
as problematic for reinforcing a false dichotomy between nature and
culture. Still, these policies are not essentialist per se, since they do not
involve opposition to species change or the mixing of taxa. It would
therefore be inaccurate to describe all anti-hybrid policies in conser-
vation as essentialist; prejudice against captive hybrid apes is per-
haps essentialist, but efforts to avoid admixture in releases are not.
Similarly, invasion biologists typically oppose non-native species based
on their impacts on economics and native species survival, rather than
the xenophobia critics accuse them of (Simberloff, 2003; Switzer &
Angeli, 2016). Thus, accusations of essentialism are perhaps too readily
and uncritically made against conservationists opposed to taxonomic
mixing and invasive species; in both cases, other important motivations
may be at play, such as the desires to avoid meddling in nature or to
lose native species. Both cases highlight that no single ‘conservation
biopolitics' is followed to manage the lives, reproduction and deaths of
animals (Biermann & Anderson, 2017; Kiik, 2019). Hybrid management

varies, depending on the conservation context.

4.3 | Pragmatism

We now consider why conservationists might choose to ignore hy-
brid apes, and if the realities of the Anthropocene will result in hy-
brids being increasingly embraced or seen as unavoidable.

4.3.1 | How do socio-economic and political
circumstances influence whether hybrids are
embraced or ignored?

As we saw in the case of zoos, chimpanzee hybrids are sometimes stra-
tegically employed to bolster the stock of small subspecies populations.
Furthermore, as the isolated Rubondo island apes pose no ‘threat’ of
mixing with other populations, they are not considered problematic.
The same is true of other hybrids who may live on islands elsewhere in
Africa. For example, in 1972-1979, captive chimpanzees were brought
to the Mount Asserik area, Senegal and then transferred to three is-
lands in the Gambia River in the Gambia (Hannah & McGrew, 1991).
The apes were confiscated or donated and had previously spent time

with animal traders, in research colonies, zoos or as household pets.
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The approximately 50 released chimpanzees grew to a population of
about 120 today. While there are assumptions that the founders were
from P. t. verus, there has been no genetic testing. Thus, these apes
may well represent a mixture of two or more subspecies, similar to the
Rubondo situation. Because they too are isolated on islands, their hy-
bridity is of little concern to conservationists.

In Bornean orangutan R&R, hybrids are not isolated on islands.
However, they nonetheless receive little attention, because separating
subspecies poses numerous practical problems. Genotyping is expen-
sive, and involves considerable paperwork as it is usually done in over-
seas laboratories (Banes et al., 2016). Moreover, although sanctuaries
are already overwhelmed, finding release sites is a common challenge
given the high cost and scarcity of suitable habitat (Palmer, 2020). One
R&R initiative has multiple sites in different parts of Borneo, enabling
them to transfer subspecies to the right parts of the island, presumably
at considerable expense (BOSF, 2013). However, most groups are not
in such a position. For example, Yayasan IAR Indonesia (YIARI) usually
rescues P. p. wurmbii but occasionally finds P. p. pygmaeus orphans in
need of R&R. Thus, a research and conservation advisor with YIARI ex-
plained that for a time they set about trying to secure two release sites,
one for P. p. wurmbii and one for P. p. pygmaeus. Considerable efforts to
find a second release site were unsuccessful, so YIARI now advocates
to ‘have the subspecies scrapped’, that is, to challenge the taxonomy
(cit. in Palmer, 2020:143).

The Indonesian government also acted pragmatically when ac-
cepting IUCN guidance from 2015, according to which Bornean
orangutan subspecies can be released outside native areas (IUCN
SSC Primate Specialist Group, 2015). This goes against general IUCN
guidelines, which recommend that apes of unconfirmed subspecies
identity should not be released, except under exceptional circum-
stances (Beck et al., 2007). However, a more recent Indonesian
orangutan conservation action plan signalled the importance of
maintaining genetic purity in protected areas, although it is unclear
what this means in practice (KLHK, 2017).

4.3.2 | Does the erosion of ‘untouched nature’
render hybrids more important?

The IUCN classifies all orangutan species as Critically Endangered, and
chimpanzees are classified as Endangered, with P. t. verus Critically
Endangered—a situation that will likely deteriorate further (Hughes
et al,, 2011; Humle et al., 2016; Voigt et al., 2018). Under such cir-
cumstances, released populations may soon represent a substantial
proportion of the remaining wild apes. Already reintroduced popula-
tions are identified as a conservation priority for Sumatran orangutans
(Utami Atmoko et al., 2017), given their particularly low numbers in the
wild (~14,000) and the large areas of forest into which releases were
and are occurring. Perhaps the same will be true at some point of rein-
troduced populations on Borneo, even if they contain hybrids.
Furthermore, increasingly fragmented populations might re-
quire the introduction of genes from outside. Many local chimpan-

zee populations already harbour less than 100 individuals (Wittig &

Boesch, 2019). Orangutan populations must contain perhaps 200
or even 500 apes to be viable (Kelle et al., 2013; Utami Atmoko
etal., 2017). These constraints will likely lower the threshold to con-
sider post-natural approaches and to care less about taxonomic pu-
rity. In short, further population declines and habitat fragmentation

could render hybrids more important for conservation in the future.

5 | CONCLUSIONS: QUESTIONS ABOUT
HYBRIDS IN CONSERVATION

Hybrids are unsettling, captivating, confusing—and also important.
Mixed taxa force us to consider: (a) how to balance conflicting interests
of individual animals, populations and ecosystems; (b) the basis on which
boundaries between species and other taxonomic categories are drawn;
(c) the underlying values of conservation, that is, what it aims to con-
serve; (d) the inescapability of the socio-political contexts of taxonomy
and conservation; and (e) if, how and why conservation should change
in the Anthropocene. Therefore, rather than present recommendations,
we conclude with a set of questions conservationists should ask them-

selves when making decisions about taxonomic hybrids.

5.1 | Questions about breeding

5.1.1 | How similaris the behavioural
repertoire of the animals in question?

Some species are further sub-divided into different subspecies
based on their present-day geographic locality or selected genetic
differences. However, there is sometimes little to no behavioural
variation between such lower taxonomic ranks (e.g. chimpanzees),
whereas subspecies of other taxa may differ more dramatically.
Understanding differences between the animals involved would
therefore help conservationists hypothesise whether hybridisation

is likely to negatively affect survival and reproduction.

5.1.2 | How does breeding management affect
welfare, and how should animal welfare be balanced
with population-level considerations?

Practices such as contraception, sterilisation and culling (which
are commonly used for managing captive apes with undesirable
genetics) impact upon the welfare of individuals. We therefore
need to ask not only what these negative effects are, but also
how much we should care about them, and whether it is worth
compromising conservation to avoid these detrimental effects.
The question of how to trade-off individual animal welfare with
population-level concerns is a longstanding and difficult prob-
lem, with answers depending not just on facts but on values
(Hargrove, 1992; Vucetich & Nelson, 2007). Answers to these

guestions may vary by species, with the welfare of individual
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hybrid apes more likely to attract concern than less charismatic
and ‘unloved’ taxa, although opinions differ on whether such spe-

cies favouritism is justified (Palmer, 2020).

5.1.3 | On what grounds are taxonomic boundaries
drawn?

There are no uniform criteria of distinguishing species and other
animal taxa. Furthermore, there is a political incentive to split rather
than lump. It is therefore important to consider not only whether
an animal is a hybrid, but also on what grounds the taxonomic clas-
sification has been made in the first place, and what this means for
the likelihood that hybrids will experience a reduction in survival or
breeding success. In other words, conservationists should seek to
understand and evaluate the political contexts in which taxonomic

classifications are made.

5.2 | Questions about essentialism

5.2.1 | Given the context, are anti-hybrid
sentiments and practices based on essentialist, purist,
even ‘racist’ thinking?

There is no single ‘conservation biopolitics’, and no single approach
to managing hybridity across all conservation settings. While sen-
timent may sometimes be based on purist thinking (e.g. for apes in
z00s), this is not true across all projects, such as reintroductions.
This question therefore needs to be approached on a case-by-case
basis. It is important for critics of essentialist thinking to bear in
mind that other motivations may be at play when conservation-
ists take issue with hybrids (e.g. reflecting a desire not to inter-
fere with evolution), and in turn for conservationists to consider
whether under the circumstances they could fairly be accused of

essentialism.

5.2.2 | How common is ‘natural’ hybridisation?

Anti-hybrid policies may rely on an ethic of not interfering with
the natural world, rather than essentialism per se; thus, ‘natu-
ral’ admixture is often accepted while ‘artificial’ is opposed.
However, it is not uncommon for animals of different taxa to
cross-breed in nature, thereby blurring the boundary between
environmentally and human-driven hybridisation. We there-
fore need to contemplate the causes and frequencies of cross-
breeding of the taxa in question. While we should avoid the
naturalistic fallacy (i.e. because closely related taxa amalgamate
in the wild, it is good and ought to be encouraged), document-
ing the extent of such ‘ordinary’ fusions would clarify whether
in practice there is any ecological distinction between different

hybridisation events.

5.2.3 | To what extent have humans already
shaped the distribution, abundance and genetic
composition of existing populations?

If historical anthropogenic influence shaped a taxon's genetic structure,
this could be further grounds for questioning the natural/artificial dis-
tinction. In other words, in deciding how to preserve a perceived original
state, conservationists should first reflect on the extent to which cur-
rent taxonomic categories are themselves ‘natural’ (i.e. free from human
interference). If population structures have already been significantly
shaped by anthropogenic factors, then the idea of maintaining this ge-

netic structure to preserve independent ‘nature’ makes little sense.

5.3 | Questions about pragmatism

5.3.1 | How do socio-economic and political
contexts influence hybrid management?

The reality on the ground contributed to the little concern about sub-
species mixing in the Rubondo chimpanzees and Bornean orangutans.
In some contexts, it will not be practically feasible to worry about hy-
brids, and it may be politically desirable to embrace or ignore them.
These contexts may shift over time, and should be considered when
deciding what (if anything) should be done, including an assessment
not only of the current context but also expected future changes.

5.3.2 | How will contextual elements change as the
Anthropocene progresses?

Hybrids may become more valuable as the numbers and genetic di-
versity of free-living apes and other non-humans dwindle. We there-
fore need to look not only at the current situation, but also at what
populations and conservation might look like in coming decades.
Post-natural conservationists therefore make a good point in arguing
that it may be necessary in future to embrace compound organisms
and novel ecosystems.

5.3.3 | To what extent is post-natural conservation
desirable?

It is increasingly recognised that a division between humans and
nature is socially constructed and that future-oriented, experimen-
tal approaches will be required in the Anthropocene. However, this
could also be viewed as defeatist, offering little incentive to re-
store and protect ecosystems and failing to acknowledge that non-
humans are very often better off if they are separate from (rather
than entangled with) people. It could also lead to homogenisation
and the loss of unique typologies (i.e. everything could become a
blend). Because post-naturalism is an increasingly dominant mode
of thought (Collard et al., 2015), we all have to think about how far
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down this track we are willing to go, and as such how much hybridity
should be embraced.

There are no easy answers to any of these questions, and it will
certainly be impossible to design a single, coherent conservation
strategy for managing animals perceived to be composites. Only one
thing is certain: there will be ongoing debate about hybrids.

ACKNOWLEDGEMENTS

A.P. gratefully acknowledges support from the Wellcome Trust,
which funds her current position in the Animal Research Nexus pro-
gramme (Wellcome Trust Collaborative Award WT205393/A/16/2).
A.P.'s research featured in this manuscript was funded by University
College London Overseas and Graduate Research Scholarships.
J.N.M!'s research was funded by the Honeyguide Foundation and
Asilia Africa; she extends her gratitude to the Tanzania National
Parks Authority and The Tanzanian Wildlife Research Institute for
enabling field research. J.N.M.'s fieldwork was approved by the
Tanzanian Commission for Science and Technology, and by the
University College London Department of Anthropology Ethics.
A.P.s research was approved by the University College London
Department of Anthropology Ethics and Fieldwork Committee and
the Ministry of Research, Technology and Higher Education of the
Republic of Indonesia (RISTEK, 173/SIP/FRP/E5/Dit.KI/V/2016).
[Correction added on 20 May 2021, after first online publication:
Ethics statement moved from Section 3 to Acknowledgments.]

CONFLICT OF INTEREST

The authors declare no conflict of interest.

AUTHORS' CONTRIBUTIONS

A.P. led the writing, framing and integration, and conducted the
original research on orangutan conservation featured in the article;
J.N.M. contributed substantial amounts of text, helped design the
arguments and theoretical framing and undertook the original re-
search on chimpanzees featured in the article; V.S. contributed text
and constructively edited the manuscript, and supervised both re-
search projects.

DATA AVAILABILITY STATEMENT
Due to the sensitive nature of A.P.'s ethnographic research, data will

not be made publicly available.

ORCID

Alexandra Palmer https://orcid.org/0000-0001-5273-4813

Josephine Nadezda Msindai https://orcid.

org/0000-0002-6952-9522

REFERENCES

Ackermann, R. R., Arnold, M. L., Baiz, M. D., Cahill, J. A., Cortés-Ortiz, L.,
Evans, B. J., Grant, B. R., Grant, P. R., Hallgrimsson, B., Humphreys, R.
A., Jolly, C. J., Malukiewicz, J., Percival, C. J,, Ritzman, T. B., Roos, C.,
Roseman, C. C., Schroeder, L., Smith, F. H., Warren, K. A., ... Zinner,
D. (2019). Hybridization in human evolution: Insights from other

organisms. Evolutionary Anthropology: Issues, News, and Reviews,
28(4), 189-209. https://doi.org/10.1002/evan.21787

Ackermann, R. R., Rogers, J., & Cheverud, J. M. (2006). Identifying the
morphological signatures of hybridization in primate and human
evolution. Journal of Human Evolution, 51(6), 632-645. https://doi.
org/10.1016/j.jhevol.2006.07.009

Agapow, P.-M., Bininda-Emonds, O. R. P., Crandall, K. A., Gittleman, J. L.,
Mace, G. M., Marshall, J. C., & Purvis, A. (2004). The impact of spe-
cies concept on biodiversity studies. The Quarterly Review of Biology,
79(2), 161-179. https://doi.org/10.1086/383542

Allendorf, F. W.,, Leary, R. F,, Spruell, P., & Wenburg, J. K. (2001). The
problems with hybrids: Setting conservation guidelines. Trends in
Ecology & Evolution, 16(11), 613-622. https://doi.org/10.1016/S0169
-5347(01)02290-X

Arnold, M. L., & Meyer, A. (2006). Natural hybridization in primates:
One evolutionary mechanism. Zoology, 109(4), 261-276. https://doi.
org/10.1016/j.z00l.2006.03.006

Arora, N., Nater, A., van Schaik, C. P, Willems, E. P., van Noordwijk, M.
A., Goossens, B., Morf, N., Bastian, M., Knott, C., Morrogh-Bernard,
H., Kuze, N., Kanamori, T., Pamungkas, J., Perwitasari-Farajallah,
D., Verschoor, E., Warren, K., & Krutzen, M. (2010). Effects of
Pleistocene glaciations and rivers on the population structure of
Bornean orangutans (Pongo pygmaeus). Proceedings of the National
Academy of Sciences of the United States of America, 107(50), 21376~
21381. https://doi.org/10.1073/pnas.1010169107

Asa, C. (2016). Weighing the options for limiting surplus animals. Zoo
Biology, 35(3), 183-186. https://doi.org/10.1002/200.21293

Banes, G. L., Chua, W., Elder, M., & Kao, J. (2018). Orang-utans Pongo
spp in Asian zoos: Current status, challenges and progress towards
long-term population sustainability. International Zoo Yearbook, 52,
150-163.

Banes, G. L., Galdikas, B. M. F., & Vigilant, L. (2016). Reintroduction of
confiscated and displaced mammals risks outbreeding and intro-
gression in natural populations, as evidenced by orang-utans of di-
vergent subspecies. Nature Scientific Reports, 6, 22026. https://doi.
org/10.1038/srep22026

Beck, B. B. (2019). Unwitting travelers: A history of primate reintroduction.
Salt Water Media.

Beck, B., Rodrigues, M., Unwin, S., Travis, D., & Stoinski, T. (2007).
Best practice guidelines for the re-introduction of Great Apes (E. A.
Williamson, [Ed.]). Occasional Paper of the IUCN Species Survival
Commission 35. SSC Primate Specialist Group of the World
Conservation Union.

Bemment, N. (Ed.) (2018). Orang Utan EEP: Best practice guidelines.
European Association of Zoos and Aquaria.

Biermann, C., & Anderson, R. M. (2017). Conservation, biopolitics, and
the governance of life and death. Geography Compass, 11(10), €12329.
https://doi.org/10.1111/gec3.12329

Biermann, C., & Mansfield, B. (2014). Biodiversity, purity, and death:
Conservation biology as biopolitics. Environment and Planning D:
Society and Space, 32(2), 257-273. https://doi.org/10.1068/d13047p

BOSF. (2013). The first cross-Province Orangutan reintroduction. Borneo
Orangutan Survival Foundation. 28 November. Retrieved from http://
orangutan.or.id/press-release-the-first-cross-province-orangutan-
reintroduction/

Bowden, R., MacFie, T.S., Myers, S., Hellenthal, G., Nerrienet, E., Bontrop,
R. E., Freeman, C., Donnelly, P., & Mundy, N. I. (2012). Genomic
tools for evolution and conservation in the chimpanzee: Pan troglo-
dytes ellioti is a genetically distinct population. PLoS Genetics, 8(3),
€1002504. https://doi.org/10.1371/journal.pgen.1002504

Braverman, |. (2012). Zooland: The institution of captivity. Stanford
University Press.

Braverman, I. (2015). The regulatory life of threatened species. In I.
Braverman (Ed.), Animals, biopolitics, law: Lively legalities (pp. 19-38).
Routledge.


https://orcid.org/0000-0001-5273-4813
https://orcid.org/0000-0001-5273-4813
https://orcid.org/0000-0002-6952-9522
https://orcid.org/0000-0002-6952-9522
https://orcid.org/0000-0002-6952-9522
https://doi.org/10.1002/evan.21787
https://doi.org/10.1016/j.jhevol.2006.07.009
https://doi.org/10.1016/j.jhevol.2006.07.009
https://doi.org/10.1086/383542
https://doi.org/10.1016/S0169-5347(01)02290-X
https://doi.org/10.1016/S0169-5347(01)02290-X
https://doi.org/10.1016/j.zool.2006.03.006
https://doi.org/10.1016/j.zool.2006.03.006
https://doi.org/10.1073/pnas.1010169107
https://doi.org/10.1002/zoo.21293
https://doi.org/10.1038/srep22026
https://doi.org/10.1038/srep22026
https://doi.org/10.1111/gec3.12329
https://doi.org/10.1068/d13047p
http://orangutan.or.id/press-release-the-first-cross-province-orangutan-reintroduction/
http://orangutan.or.id/press-release-the-first-cross-province-orangutan-reintroduction/
http://orangutan.or.id/press-release-the-first-cross-province-orangutan-reintroduction/
https://doi.org/10.1371/journal.pgen.1002504

PALMER ET AL.

People and Nature | 583

Broom, D. M. (1991). Animal welfare: Concepts and measurement.
Journal of Animal Science, 69(10), 4167-4175.

Bryson, K., Soligo, C., & Sommer, V. (2020). Interrogating boundar-
ies against animals and machines: Human speciesism in British
newspapers. Journal of Posthuman Studies, 4, 129-165. https://doi.
org/10.5325/jpostud.4.2.0129

Bullo, K. (2015). Reaching for the canopy: A zoo-born Orangutan's journey
into the wild. UWA Publishing.

Buscher, B., & Fletcher, R. (2019). Towards convivial conservation.
Conservation and Society, 17(3), 283. https://doi.org/10.4103/
cs.cs_19_75

Cavalieri, P., & Singer, P. (1994). The great ape project: Equality beyond hu-
manity. St. Martin's Press.

Chrulew, M. (2011). Managing love and death at the zoo: The biopolitics
of endangered species preservation. Australian Humanities Review,
50(May), 137-157. https://doi.org/10.22459/AHR.50.2011.08

Cocks, L. (2007). Factors affecting mortality, fertility, and well-being in
relation to species differences in captive orangutans. International
Journal of Primatology, 28(2), 421-428. https://doi.org/10.1007/
$s10764-007-9116-x

Collard, R.-C., Dempsey, J., & Sundberg, J. (2015). A manifesto for abun-
dant futures. Annals of the Association of American Geographers,
105(2), 322-330. https://doi.org/10.1080/00045608.2014.973007

Corbey, R. (2005). The metaphysics of apes: Negotiating the animal-human
boundary. Cambridge University Press.

Coyne, J. A,, & Orr, H. A. (2004). Speciation. Oxford University Press.

Cribb, R., Gilbert, H., & Tiffin, H. (2014). Wild man from Borneo: A cultural
history of the Orangutan. University of Hawai'i Press.

De Boer, L. E. M. (1982). Karyological problems in breeding Owl monkeys.
International Zoo Yearbook, 22(1), 119-124. https://doi.org/10.1111/
j.1748-1090.1982.tb02018.x

de Queiroz, K. (2005). Ernst Mayr and the modern concept of species.
Proceedings of the National Academy of Sciences of the United States
of America, 102(suppl 1), 6600-6607. https://doi.org/10.1073/
pnas.0502030102

Detwiler, K. M., Burrell, A. S., & Jolly, C. J. (2005). Conservation im-
plications of hybridization in African cercopithecine monkeys.
International Journal of Primatology, 26(3), 661-684. https://doi.
org/10.1007/s10764-005-4372-0

Dobzhansky, T. (1937). Genetics and the origin of species. Columbia
University Press.

Edmands, S. (2007). Between a rock and a hard place: Evaluating the rel-
ative risks of inbreeding and outbreeding for conservation and man-
agement. Molecular Ecology, 16(3), 463-475. https://doi.org/10.1111/
j.1365-294X.2006.03148.x

Eide, E. (2010). Strategic essentialism and ethnification. Nordicom Review,
31(2), 63-78. https://doi.org/10.1515/nor-2017-0130

Ely, J. J., Dye, B., Frels, W. I, Fritz, J., Gagneux, P., Khun, H. H., Switzer,
W. M., & Lee, D. R. (2005). Subspecies composition and founder
contribution of the captive U.S. chimpanzee (Pan troglodytes) pop-
ulation. American Journal of Primatology, 67(2), 223-241. https://doi.
org/10.1002/ajp.20179

Ereshefsky, M. (2000). The poverty of the Linnaean hierarchy: A philosoph-
ical study of biological taxonomy. Cambridge University Press. https://
doi.org/10.1017/CB0O9780511498459

Ereshefsky, M. (2017). Species. In E. N. Zalta (Ed.), The Stanford encyclo-
pedia of philosophy. Fall 2017. Metaphysics Research Lab, Stanford
University. Retrieved from https://plato.stanford.edu/archives/fall2
017/entries/species/

Frankham, R. (2010). Inbreeding in the wild really does matter. Heredity,
104(2), 124. https://doi.org/10.1038/hdy.2009.155

Fraser, D. (2003). Assessing animal welfare at the farm and group level:
The interplay of science and values. Animal Welfare, 12(4), 433-443.

Fredriksen, A. (2016). Of wildcats and wild cats: Troubling species-based
conservation in the Anthropocene. Environment and Planning D:

Society and Space, 34(4), 689-705. https://doi.org/10.1177/02637
75815623539

Freudenstein, J. V., Broe, M. B., Folk, R. A, & Sinn, B. T. (2017).
Biodiversity and the species concept—Lineages are not enough.
Systematic Biology, 66(4), 644-656. https://doi.org/10.1093/sysbio/
syw098

Fuentes, A. (2012). Ethnoprimatology and the anthropology of the
human-primate interface. Annual Review of Anthropology, 41(1), 101-
117. https://doi.org/10.1146/annurev-anthro-092611-145808

Giraud, E. H. (2019). What comes after entanglement? Activism, anthropo-
centrism, and an ethics of exclusion. Duke University Press.

Gonder, M. K., Locatelli, S., Ghobrial, L., Mitchell, M. W., Kujawski, J. T.,
Lankester, F. J., Stewart, C.-B., & Tishkoff, S. A. (2011). Evidence from
Cameroon reveals differences in the genetic structure and histories
of chimpanzee populations. Proceedings of the National Academy of
Sciences of the United States of America, 108(12), 4766-4771. https://
doi.org/10.1073/pnas.1015422108

Goossens, B., Chikhi, L., Jalil, M., James, S., Ancrenaz, M., Lackman-
Ancrenaz, |., & Bruford, M. W. (2009). Taxonomy, geographic vari-
ation and population genetics of Bornean and Sumatran orangutans.
In S. Wich, S. Utami Atmoko T. Mitra Setia & C. P. van Schaik (Eds.),
Orangutans: Geographic variation in behavioral ecology and conserva-
tion (pp. 1-14). Oxford University Press.

Green, A. (1999). Animal underworld: Inside America's black market for rare
and exotic species. PublicAffairs.

Gruen, L. (2011). Ethics and animals: An introduction. Cambridge
University Press.

Grzimek, B. (1970). Among animals of Africa (1st ed.). Stein & Day.

Hance, J. (2010). Guilty verdict over euthanizing tigers in Germany
touches off debate about role of zoos. Mongabay Environmental
News. Retrieved from https://news.mongabay.com/2010/08/guilty-
verdict-over-euthanizing-tigers-in-germany-touches-off-debate-
about-role-of-zoos/

Hannah, A. C., & McGrew, W. C. (1991). Rehabilitation of captive
chimpanzees. In H. O. Box (Ed.), Primate responses to environ-
mental change (pp. 167-186). Springer Netherlands. https://doi.
org/10.1007/978-94-011-3110-0_9

Haraway, D. (1985). A manifesto for Cyborgs: Science, technology, and
socialist feminism in the 1980s. Socialist Review, 80, 65-108.

Haraway, D. J. (1989). Primate visions: Gender, race, and nature in the world
of modern science. Routledge.

Hargrove, E. C. (Ed.). (1992). The animal rights/environmental ethics debate:
The environmental perspective. SUNY Press.

Huffman, M. A., Petrzelkova, K. J., Moscovice, L. R., Issa Mapua, M,
Bobakova, L., Mazoch, V., Singh, J., & Kaur, T. (2008). Introduction
of chimpanzees onto Rubondo Island National Park Tanzania. In P.
S. Soorae (Ed.), Global re-introduction perspectives: Re-introduction
case-studies from around the Globe (pp. 213-216). IUCN/SSC Re-
Introduction Specialist Group.

Hughes, N., Rosen, N., Gretsky, N., & Sommer, V. (2011). Will the
Nigeria-Cameroon chimpanzee go extinct? Models derived from
intake rates of ape sanctuaries. In V. Sommer & C. Ross (Eds.),
Primates of gashaka: Socioecology and conservation in Nigeria's biodi-
versity hotspot. Developments in primatology: Progress and pros-
pects (pp. 545-575). Springer. https://doi.org/10.1007/978-1-4419-
7403-7_14

Humle, T., Maisels, F., Oates, J. F., Plumptre, A., & Williamson, E. A.
(2016). Pan troglodytes. In The IUCN Red list of threatened species.
T15933A102326672. The International Union for Conservation of
Nature.

Hvilsom, C., Frandsen, P., Bgrsting, C., Carlsen, F., Sallé, B., Simonsen,
B. T., & Siegismund, H. R. (2013). Understanding geographic origins
and history of admixture among chimpanzees in European zoos, with
implications for future breeding programmes. Heredity, 110(6), 586-
593. https://doi.org/10.1038/hdy.2013.9


https://doi.org/10.5325/jpostud.4.2.0129
https://doi.org/10.5325/jpostud.4.2.0129
https://doi.org/10.4103/cs.cs_19_75
https://doi.org/10.4103/cs.cs_19_75
https://doi.org/10.22459/AHR.50.2011.08
https://doi.org/10.1007/s10764-007-9116-x
https://doi.org/10.1007/s10764-007-9116-x
https://doi.org/10.1080/00045608.2014.973007
https://doi.org/10.1111/j.1748-1090.1982.tb02018.x
https://doi.org/10.1111/j.1748-1090.1982.tb02018.x
https://doi.org/10.1073/pnas.0502030102
https://doi.org/10.1073/pnas.0502030102
https://doi.org/10.1007/s10764-005-4372-0
https://doi.org/10.1007/s10764-005-4372-0
https://doi.org/10.1111/j.1365-294X.2006.03148.x
https://doi.org/10.1111/j.1365-294X.2006.03148.x
https://doi.org/10.1515/nor-2017-0130
https://doi.org/10.1002/ajp.20179
https://doi.org/10.1002/ajp.20179
https://doi.org/10.1017/CBO9780511498459
https://doi.org/10.1017/CBO9780511498459
https://plato.stanford.edu/archives/fall2017/entries/species/
https://plato.stanford.edu/archives/fall2017/entries/species/
https://doi.org/10.1038/hdy.2009.155
https://doi.org/10.1177/0263775815623539
https://doi.org/10.1177/0263775815623539
https://doi.org/10.1093/sysbio/syw098
https://doi.org/10.1093/sysbio/syw098
https://doi.org/10.1146/annurev-anthro-092611-145808
https://doi.org/10.1073/pnas.1015422108
https://doi.org/10.1073/pnas.1015422108
https://news.mongabay.com/2010/08/guilty-verdict-over-euthanizing-tigers-in-germany-touches-off-debate-about-role-of-zoos/
https://news.mongabay.com/2010/08/guilty-verdict-over-euthanizing-tigers-in-germany-touches-off-debate-about-role-of-zoos/
https://news.mongabay.com/2010/08/guilty-verdict-over-euthanizing-tigers-in-germany-touches-off-debate-about-role-of-zoos/
https://doi.org/10.1007/978-94-011-3110-0_9
https://doi.org/10.1007/978-94-011-3110-0_9
https://doi.org/10.1007/978-1-4419-7403-7_14
https://doi.org/10.1007/978-1-4419-7403-7_14
https://doi.org/10.1038/hdy.2013.9

584 People and Nature

PALMER ET AL.

IUCN SSC Primate Specialist Group. (2015). Recommendation on con-
servation units of orangutans in the context of re-introduction. The
International Union for Conservation of Nature.

IUCN/SSC Primate Specialist Group. (2020). Action plans. Retrieved from
https://www.primate-sg.org/action_plans

Jenkins, P. D., & Napier, P. H. (1976). Catalogue of primates in the British
Museum (Natural History) (744th ed.). British Museum of Natural
History.

Kalan, A. K., Kulik, L., Arandjelovic, M., Boesch, C., Haas, F., Dieguez,
P., Barratt, C. D., Abwe, E. E., Agbor, A., Angedakin, S., Aubert,
F., Ayimisin, E. A., Bailey, E., Bessone, M., Brazzola, G., Buh, V.
E., Chancellor, R., Cohen, H., Coupland, C., ... Kuhl, H. S. (2020).
Environmental variability supports chimpanzee behavioural diver-
sity. Nature Communications, 11(1), 4451. https://doi.org/10.1038/
s41467-020-18176-3

Kearns, A. M., Restani, M., Szabo, I., Schragder-Nielsen, A., Kim, J. A,,
Richardson, H. M., Marzluff, J. M., Fleischer, R. C., Johnsen, A., &
Omland, K. E. (2018). Genomic evidence of speciation reversal in
ravens. Nature Communications, 9(1), https://doi.org/10.1038/s4146
7-018-03294-w

Kelle, D., Fechter, D., Singer, A., Pratje, P, & Storch, I. (2013).
Determining sensitive parameters for the population viability of re-
introduced Sumatran orangutans (Pongo abelii). International Journal
of Primatology, 34(2), 423-442. https://doi.org/10.1007/s1076
4-013-9671-2

Keller, L. F., & Waller, D. M. (2002). Inbreeding effects in wild popula-
tions. Trends in Ecology & Evolution, 17(5), 230-241. https://doi.
org/10.1016/50169-5347(02)02489-8

Kiik, L. (2019). Conservationland: Toward the anthropology of profes-
sionals in global nature conservation. Critique of Anthropology, 39(4),
391-419.

Kirksey, S. E. (2015). Species: A praxiographic study. Journal of the
Royal Anthropological Institute, 21(4), 758-780. https://doi.org/
10.1111/1467-9655.12286

KLHK (2017). Pelepasliaran Orangutan di Taman Nasional Tanjung Puting
dan SM Lamandau. Kementerian Lingkungan Hidup dan Kehutanan
[Ministry of Environment and Forestry]. Retrieved from https://ksdae.
menlhk.go.id/berita/707/pelepasliaran-orangutan-di-taman-nasio
nal-tanjung-puting-dan-sm-lamandau.html

Kraut, R.(2017). Plato. In E. N. Zalta (Ed.) The Stanford encyclopedia of phi-
losophy. Fall 2017. Metaphysics Research Lab, Stanford University.
Retrieved from https://plato.stanford.edu/archives/fall2017/entri
es/plato/

Lacy, R. (1995). Culling surplus animals for population management. In B.
G. Norton, M. Hutchins, E. F. Stevens, & T. L. Maple (Eds.), Ethics on
the ark: Zoos, animal welfare, and wildlife conservation (pp. 187-194).
Smithsonian Institution Press.

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(6372), 224-228. https://doi.org/10.1126/science.aa04593

Langridge, K. (2020). Hybridization and the Scottish Wild Cat. Seminar,
9 November, Oxfordshire Mammal Group. Retrieved from https://
www.youtube.com/watch?v=4Y80oDiXCd5E

Lewis, S. L., & Maslin, M. A. (2018). The Human planet: How we created the
anthropocene. Penguin UK.

Lindburg, D. G. (1991). Zoos and the ‘surplus’ problem. Zoo Biology, 10(1),
1-2.

Lorimer, J., & Driessen, C. (2013). Wild experiments at the
Oostvaardersplassen:  Rethinking ~ environmentalism in  the
Anthropocene. Transactions of the Institute of British Geographers,
39(2), 169-181.

Lowe, C. (2006). Wild profusion: Biodiversity conservation in an Indonesian
Archipelago. Princeton University Press.

Lynch, M., & Walsh, B. (1998). Genetics and analysis of quantitative traits.
Sinauer Associates.

Mallet, J. (2010). Group selection and the development of the biologi-
cal species concept. Philosophical Transactions of the Royal Society B:
Biological Sciences, 365(1547), 1853-1863. https://doi.org/10.1098/
rstb.2010.0040

Mallinson, J. J. C. (1978). ‘Cocktail’ orangutans and the need to pre-
serve pure-bred stock. The Dodo: The Journal of the Jersey Wildlife
Preservation Trust, 15, 69-77.

Malukiewicz, J. (2019). A review of experimental, natural, and an-
thropogenic hybridization in Callithrix marmosets. International
Journal of Primatology, 40(1), 72-98. https://doi.org/10.1007/s1076
4-018-0068-0

Matsudaira, K., & Ishida, T. (2020). Divergence and introgression in
small apes, the genus Hylobates, revealed by reduced representa-
tion sequencing. bioRxiv. Cold Spring Harbor Laboratory. https://doi.
org/10.1101/2020.05.31.126078

Mayr, E. (1942). Systematics and the origin of species, from the viewpoint of
a zoologist. Harvard University Press.

McBrearty, S., & Jablonski, N. G. (2005). First fossil chimpanzee. Nature,
437(7055), 105-108. https://doi.org/10.1038/nature04008

Messy Beast. (n.d.). Hybrid primates. Retrieved from http://messybeast.
com/genetics/hybrid-primates.htm

Mitchell, A. (2016). Beyond biodiversity and species: Problematizing
extinction. Theory, Culture & Society, 33(5), 23-42. https://doi.org/
10.1177/0263276415619219

Msindai, J. N., Roos, C., Schiirmann, F., & Sommer, V. (2021). Population
history of chimpanzees introduced to Lake Victoria's Rubondo
Island. Primates, 62(3), 253-265. https://doi.org/10.1007/s10329-
020-00884-5

Msindai, J. N., & Sommer, V. (2021). Island of the apes: The story of
Rubondo's chimpanzees. Routledge.

Nater, A., Greminger, M. P., Arora, N., van Schaik, C. P., Goossens, B.,
Singleton, I., Verschoor, E. J., Warren, K. S., & Kriitzen, M. (2015).
Reconstructing the demographic history of orang-utans using
Approximate Bayesian Computation. Molecular Ecology, 24(2), 310-
327. https://doi.org/10.1111/mec.13027

Nater, A., Mattle-Greminger, M. P., Nurcahyo, A., Nowak, M. G., de
Manuel, M., Desai, T., Groves, C., Pybus, M., Sonay, T. B., Roos, C.,
Lameira, A.R., Wich, S. A., Askew, J.,, Davila-Ross, M, Fredriksson, G.,
de Valles, G., Casals, F., Prado-Martinez, J., Goossens, B., ... Kriitzen
M. (2017). Morphometric, Behavioral, and Genomic Evidence for a
New Orangutan Species. Current Biology, 27(22), 3487-3498.e10.
https://doi.org/10.1016/j.cub.2017.09.047

National Research Council Committee on Long-Term Care of
Chimpanzees. (1997). Chimpanzees in research: Strategies for their eth-
ical care, management, and use. National Academies Press. Retrieved
from https://www.ncbi.nlm.nih.gov/books/NBK109747/

Orangutan SSP. (2015). Taxonomy. Retrieved from https://www.orang
utanssp.org/taxonomy.html

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), 20. https://doi.org/10.1186/s12983-016-0153-1

Palmer, A. (2020). Ethical debates in orangutan conservation. Routledge.

Paquet, P. C., & Darimont, C. T. (2010). Wildlife conservation and animal
welfare: Two sides of the same coin. Animal Welfare, 19(2), 177-190.

Peltola, T., & Heikkil4, J. (2018). Outlaws or protected? DNA, hybrids, and
biopolitics in a Finnish wolf-poaching case. Society & Animals, 26(2),
197-216. https://doi.org/10.1163/15685306-12341509

Quilodran, C. S., Montoya-Burgos, J. |., & Currat, M. (2020). Harmonizing
hybridization dissonance in conservation. Communications Biology,
3(1), 1-10. https://doi.org/10.1038/s42003-020-1116-9

Ralls, K., Frankham, R., & Ballou, J. D. (2013). Inbreeding and outbreed-
ing. In S. A. Levin (Ed.), Encyclopedia of Biodiversity (2nd ed., pp. 245-
252). Elsevier.

Richards, R. A. (2010). The species problem: A philosophical analysis.
Cambridge University Press.


https://www.primate-sg.org/action_plans
https://doi.org/10.1038/s41467-020-18176-3
https://doi.org/10.1038/s41467-020-18176-3
https://doi.org/10.1038/s41467-018-03294-w
https://doi.org/10.1038/s41467-018-03294-w
https://doi.org/10.1007/s10764-013-9671-2
https://doi.org/10.1007/s10764-013-9671-2
https://doi.org/10.1016/S0169-5347(02)02489-8
https://doi.org/10.1016/S0169-5347(02)02489-8
https://doi.org/10.1111/1467-9655.12286
https://doi.org/10.1111/1467-9655.12286
https://ksdae.menlhk.go.id/berita/707/pelepasliaran-orangutan-di-taman-nasional-tanjung-puting-dan-sm-lamandau.html
https://ksdae.menlhk.go.id/berita/707/pelepasliaran-orangutan-di-taman-nasional-tanjung-puting-dan-sm-lamandau.html
https://ksdae.menlhk.go.id/berita/707/pelepasliaran-orangutan-di-taman-nasional-tanjung-puting-dan-sm-lamandau.html
https://plato.stanford.edu/archives/fall2017/entries/plato/
https://plato.stanford.edu/archives/fall2017/entries/plato/
https://doi.org/10.1126/science.aao4593
https://www.youtube.com/watch?v=4Y8oDiXCd5E
https://www.youtube.com/watch?v=4Y8oDiXCd5E
https://doi.org/10.1098/rstb.2010.0040
https://doi.org/10.1098/rstb.2010.0040
https://doi.org/10.1007/s10764-018-0068-0
https://doi.org/10.1007/s10764-018-0068-0
https://doi.org/10.1101/2020.05.31.126078
https://doi.org/10.1101/2020.05.31.126078
https://doi.org/10.1038/nature04008
http://messybeast.com/genetics/hybrid-primates.htm
http://messybeast.com/genetics/hybrid-primates.htm
https://doi.org/10.1177/0263276415619219
https://doi.org/10.1177/0263276415619219
https://doi.org/10.1007/s10329-020-00884-5
https://doi.org/10.1007/s10329-020-00884-5
https://doi.org/10.1111/mec.13027
https://doi.org/10.1016/j.cub.2017.09.047
https://www.ncbi.nlm.nih.gov/books/NBK109747/
https://www.orangutanssp.org/taxonomy.html
https://www.orangutanssp.org/taxonomy.html
https://doi.org/10.1186/s12983-016-0153-1
https://doi.org/10.1163/15685306-12341509
https://doi.org/10.1038/s42003-020-1116-9

PALMER ET AL.

People and Nature 585

Ritvo, H. (1997). The platypus and the mermaid, and other figments of the
classifying imagination. Harvard University Press.

Rutherford, S. (2018). The Anthropocene's animal? Coywolves as feral
cotravelers. Environment and Planning E: Nature and Space, 1(1-2),
206-223. https://doi.org/10.1177/2514848618763250

Schmidt, J. M., de Manuel, M., Marques-Bonet, T., Castellano, S., &
Andrés, A. M. (2019). The impact of genetic adaptation on chimpan-
zee subspecies differentiation. PLOS Genetics, 15(11), e1008485.
https://doi.org/10.1371/journal.pgen.1008485

SchiBler, D., Blanco, M. B., Salmona, J., Poelstra, J., Andriambeloson,
J. B., Miller, A., Randrianambinina, B., Rasolofoson, D. W., Mantilla-
Contreras, J., Chikhi, L., Louis, E. E., Yoder, A. D., & Radespiel, U.
(2020). Ecology and morphology of mouse lemurs (Microcebus spp.)
in a hotspot of microendemism in northeastern Madagascar, with the
description of a new species. American Journal of Primatology, 82(9).
https://doi.org/10.1002/ajp.23180

Seddon, J. M., & Schultz, B. (2020). Koala conservation in Queensland,
Australia: A role for assisted gene flow for genetic rescue? In J.
Ortega & J. E. Maldonado (Eds.), Conservation genetics in mammals:
Integrative research using novel approaches (pp. 331-349). Springer
International Publishing. https://doi.org/10.1007/978-3-030-33334-
8_15

Shea, B. T. (1984). An allometric perspective on the morphologi-
cal and evolutionary relationships between pygmy (Pan panis-
cus) and common (Pan troglodytes) chimpanzees. In R. L. Susman
(Ed.), The pygmy chimpanzee: Evolutionary biology and behavior.
The pygmy chimpanzee (pp. 89-130). Springer US. https://doi.
org/10.1007/978-1-4757-0082-4_6

Sherman, J., Ancrenaz, M., & Meijaard, E. (2020). Shifting apes:
Conservation and welfare outcomes of Bornean orangutan rescue
and release in Kalimantan, Indonesia. Journal for Nature Conservation,
55,125807. https://doi.org/10.1016/j.jnc.2020.125807

Shurtliff, Q.R.(2013). Mammalian hybrid zones: A review. Mammal Review,
43(1), 1-21. https://doi.org/10.1111/j.1365-2907.2011.00205.x

Simberloff, D. (2003). Confronting introduced species: A form of xe-
nophobia? Biological Invasions, 5(3), 179-192. https://doi.org/
10.1023/A:1026164419010

Sommer, V. (2007). Darwinsch Denken: Horizonte Der Evolutionsbiologie.
Hirzel.

Spehar, S. N., Sheil, D., Harrison, T., Louys, J., Ancrenaz, M., Marshall,
A. J., Wich, S. A, Bruford, M. W., & Meijaard, E. (2018). Orangutans
venture out of the rainforest and into the Anthropocene. Science
Advances, 4(6), e1701422. https://doi.org/10.1126/sciadv.1701422

Srinivasan, K. (2014). Caring for the collective: Biopower and agential
subjectification in wildlife conservation. Environment and Planning D:
Society and Space, 32(3), 501-517. https://doi.org/10.1068/d13101p

Stronen, A. V., & Paquet, P. C. (2013). Perspectives on the conservation
of wild hybrids. Biological Conservation, 167, 390-395. https://doi.
org/10.1016/j.biocon.2013.09.004

Switzer, D., & Angeli, N. F. (2016). Human and non-human migration:
Understanding species introduction and translocation through mi-
gration ethics. Environmental Values, 25(4), 443-463. https://doi.
org/10.3197/096327116X14661540759232

Taylor, C. (2009). The functional significance of variation in jaw form in
orangutans. In S. Wich, S. Utami Atmoko, T. Mitra Setia, & C. P. van
Schaik (Eds.), Orangutans: Geographic variation in behavioral ecology
and conservation (pp. 15-32). Oxford University Press.

Trayford, H. R., & Farmer, K. H. (2013). Putting the spotlight on internally
displaced animals (IDAs): A survey of primate sanctuaries in Africa,
Asia, and the Americas. American Journal of Primatology, 75(2), 116-
134. https://doi.org/10.1002/ajp.22090

Utami Atmoko, S. S., Traylor-Holzer, K., Rifqi, M. A., Siregar, P. G,
Achmad, B., Priadjati, A., Husson, S. J., Wich, S. A., Hadisiswoyo, P.,
Saputra, F., Campbell-Smith, G., Kuncoro, P., Russon, A. E., Voigt, M.,
Santika, T., Nowak, M. G,, Singleton, I., Sapari, |., Meididit, A, ... Lees,

C. M. (2017). Final report: Orangutan population and habitat viability
assessment. [IUCN/SSC Conservation Breeding Specialist Group.

van Bemmel, A. C. V. (1968). Contribution to the knowledge of the geo-
graphical races of Pongo pygmaeus (Hoppius). Bijdragen tot de Dierkunde,
38(1), 13-15. https:/doi.org/10.1163/26660644-03801003

van Dooren, T. (2014). Flight ways: Life and loss at the edge of extinction.
Columbia University Press.

van Dooren, T. (2016). Authentic crows: Identity, captivity and emer-
gent forms of life. Theory, Culture & Society, 33(2), 29-52. https://doi.
org/10.1177/0263276415571941

van Schaik, C. P. (2013). The costs and benefits of flexibility as an expres-
sion of behavioural plasticity: A primate perspective. Philosophical
Transactions of the Royal Society of London B: Biological Sciences,
368(1618), 20120339. https://doi.org/10.1098/rstb.2012.0339

Venkataraman, A. B., Saandeep, R., Baskaran, N., Roy, M., Madhivanan,
A., & Sukumar, R. (2005). Using satellite telemetry to mitigate
elephant-human conflict: An experiment in northern West Bengal,
India. Current Science, 88(11), 1827-1831.

Voigt, M., Wich, S. A., Ancrenaz, M., Meijaard, E., Abram, N., Banes, G. L.,
Campbell-Smith, G., d'Arcy, L. J., Delgado, R. A., Erman, A., Gaveau,
D., Goossens, B., Heinicke, S., Houghton, M., Husson, S. J., Leiman,
A., Sanchez, K. L., Makinuddin, N., Marshall, A. J,, ... Kihl, H. S.
(2018). Global demand for natural resources eliminated more than
100,000 Bornean orangutans. Current Biology, 28(5), 761-769. https://
doi.org/10.1016/j.cub.2018.01.053

Vucetich, J. A., & Nelson, M. P. (2007). What are 60 warblers worth?
Killing in the name of conservation. Oikos, 116(8), 1267-1278.
https://doi.org/10.1111/j.0030-1299.2007.15536.x

Walker, J. A., Jordan, V. E., Storer, J. M., Steely, C. J., Gonzalez-Quiroga,
P., Beckstrom, T. O., Rewerts, L. C., St. Romain, C. P., Rockwell, C.
E., Rogers, J., Jolly, C. J., Konkel, M. K., & Batzer, M. A. (2019). Alu
insertion polymorphisms shared by Papio baboons and Theropithecus
gelada reveal an intertwined common ancestry. Mobile DNA, 10(1),
46. https://doi.org/10.1186/s13100-019-0187-y

Wecek, K., Hartmann, S., Paijmans, J. L. A., Taron, U., Xenikoudakis, G.,
Cahill, J. A., Heintzman, P. D., Shapiro, B., Baryshnikov, G., Bunevich,
A. N., Crees, J. )., Dobosz, R., Manaserian, N., Okarma, H., Tokarska,
M., Turvey, S. T., Wéjcik, J. M., nya, W., Szymura, J. M., ... Barlow, A.
(2016). Complex admixture preceded and followed the extinction of
wisent in the wild. Molecular Biology and Evolution, 34(3), 598-612.
https://doi.org/10.1093/molbev/msw254

Whatmore, S. (2002). Hybrid geographies: Natures cultures spaces. SAGE.

White, K. L., Eason, D. K., Jamieson, I. G., & Robertson, B. C. (2015).
Evidence of inbreeding depression in the critically endangered par-
rot, the kakapo. Animal Conservation, 18(4), 341-347. https://doi.
org/10.1111/acv.12177

Whiteley, A. R., Fitzpatrick, S. W., Funk, W. C., & Tallmon, D. A. (2015).
Genetic rescue to the rescue. Trends in Ecology & Evolution, 30(1), 42-
49. https://doi.org/10.1016/j.tree.2014.10.009

Whiten, A., Goodall, J., McGrew, W. C., Nishida, T., Reynolds, V.,
Sugiyama, Y., Tutin, C. E. G., Wrangham, R. W., & Boesch, C. (1999).
Cultures in chimpanzees. Nature, 399(6737), 682-685. https://doi.
org/10.1038/21415

Wilkins, J. S. (2009). Species: A history of the idea. University of California
Press.

Winsor, M. P. (2006). The creation of the essentialism story: An exercise in
metahistory. History and Philosophy of the Life Sciences, 28(2), 149-174.

Wittig, R. M., & Boesch, C. (2019). Demography and life history of five
chimpanzee communities in Tai National Park. In C. Boesch, R. M.
Wittig, C. Crockford, L. Vigilant, T. Deschner, & F. Leendertz (Eds.),
The Chimpanzees of the Tai Forest: 40 years of research (pp. 125-140).
Cambridge University Press.

Yeager, C. P. (1997). Orangutan rehabilitation in Tanjung Puting National
Park, Indonesia. Conservation Biology, 11(3), 802-805. https://doi.
org/10.1046/j.1523-1739.1997.95500.x


https://doi.org/10.1177/2514848618763250
https://doi.org/10.1371/journal.pgen.1008485
https://doi.org/10.1002/ajp.23180
https://doi.org/10.1007/978-3-030-33334-8_15
https://doi.org/10.1007/978-3-030-33334-8_15
https://doi.org/10.1007/978-1-4757-0082-4_6
https://doi.org/10.1007/978-1-4757-0082-4_6
https://doi.org/10.1016/j.jnc.2020.125807
https://doi.org/10.1111/j.1365-2907.2011.00205.x
https://doi.org/10.1023/A:1026164419010
https://doi.org/10.1023/A:1026164419010
https://doi.org/10.1126/sciadv.1701422
https://doi.org/10.1068/d13101p
https://doi.org/10.1016/j.biocon.2013.09.004
https://doi.org/10.1016/j.biocon.2013.09.004
https://doi.org/10.3197/096327116X14661540759232
https://doi.org/10.3197/096327116X14661540759232
https://doi.org/10.1002/ajp.22090
https://doi.org/10.1163/26660644-03801003
https://doi.org/10.1177/0263276415571941
https://doi.org/10.1177/0263276415571941
https://doi.org/10.1098/rstb.2012.0339
https://doi.org/10.1016/j.cub.2018.01.053
https://doi.org/10.1016/j.cub.2018.01.053
https://doi.org/10.1111/j.0030-1299.2007.15536.x
https://doi.org/10.1186/s13100-019-0187-y
https://doi.org/10.1093/molbev/msw254
https://doi.org/10.1111/acv.12177
https://doi.org/10.1111/acv.12177
https://doi.org/10.1016/j.tree.2014.10.009
https://doi.org/10.1038/21415
https://doi.org/10.1038/21415
https://doi.org/10.1046/j.1523-1739.1997.95500.x
https://doi.org/10.1046/j.1523-1739.1997.95500.x

586 People and Nature

PALMER ET AL.

Yeates, J. W. (2010). Death is a welfare issue. Journal of Agricultural and
Environmental Ethics, 23(3), 229-241. https://doi.org/10.1007/s1080
6-009-9199-9

Yoder, A. D., Weisrock, D. W., Rasoloarison, R. M., & Kappeler, P. M.
(2016). Cheirogaleid diversity and evolution: Big questions about
small primates. In S. M. Lehman, U. Radespiel, & E. Zimmermann
(Eds.), The dwarf and mouse lemurs of madagascar (pp. 3-20).
Cambridge University Press. https://doi.org/10.1017/CBO9781139
871822.002

Yordy, J., Kraus, C., Hayward, J. J., White, M. E., Shannon, L. M., Creevy,
K. E., Promislow, D. E. L., & Boyko, A. R.(2020). Body size, inbreeding,
and lifespan in domestic dogs. Conservation Genetics, 21(1), 137-148.
https://doi.org/10.1007/s10592-019-01240-x

Zachos, F. E. (2016). Species concepts in biology: historical development,
theoretical foundations and practical relevance. Springer.

Zinner, D., Arnold, M. L., & Roos, C. (2009). Is the new primate genus
Rungwecebus a baboon? PLoS ONE, 4(3), e4859. https://doi.org/
10.1371/journal.pone.0004859

Zinner, D., & Roos, C. (2016). Primate taxonomy and conservation. In
M. T. Waller (Ed.), Ethnoprimatology: Primate conservation in the
21st century (pp. 193-213). Developments in Primatology: Progress
and Prospects. Springer International Publishing. https://doi.
org/10.1007/978-3-319-30469-4_11

Zinner, D., Arnold, M. L., & Roos, C. (2011). The strange blood: Natural
hybridization in primates. Evolutionary Anthropology, 20(3), 96-103.
https://doi.org/10.1002/evan.20301

How to cite this article: Palmer A, Sommer V, Msindai JN.
Hybrid apes in the Anthropocene: Burden or asset for
conservation? People Nat. 2021;3:573-586. https://doi.
org/10.1002/pan3.10214



https://doi.org/10.1007/s10806-009-9199-9
https://doi.org/10.1007/s10806-009-9199-9
https://doi.org/10.1017/CBO9781139871822.002
https://doi.org/10.1017/CBO9781139871822.002
https://doi.org/10.1007/s10592-019-01240-x
https://doi.org/10.1371/journal.pone.0004859
https://doi.org/10.1371/journal.pone.0004859
https://doi.org/10.1007/978-3-319-30469-4_11
https://doi.org/10.1007/978-3-319-30469-4_11
https://doi.org/10.1002/evan.20301
https://doi.org/10.1002/pan3.10214
https://doi.org/10.1002/pan3.10214

