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Abstract

The One Plan Approach to Conservation by the [UCN Conservation Planning Specialist Group
(CPSG) proposes to combine in situ and ex situ conservation actions. However, the value of ex
situ conservation programs run by respective zoos relies on sound scientific evidence of selected
conservation units. Only when species and their geographic ranges are adequately defined, they
can be properly protected. Accurate taxonomic information, based in particular on integrative
analyses that combine several lines of evidence with the molecular assessments being among the
most insightful, is not only important for proper identification of species or conservation units
in zoo holdings but also for exclusion of hybrids from breeding programs. Molecular analyses,
including phyloforensic research, are crucial for conservation units’ delimitation and appropriate
animal pairing and to prepare suitable restocking measures, to avoid artificial hybridization in con-
servation breeding facilities, releases in unsuitable regions, and genetic pollution. In this review,
some topical vertebrate examples are provided to highlight the significance of sound taxonomy
for subsequent conservation measures, including molecular diagnoses of independently evolving
lineages for adequate One Plan Approach conservation practice.
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There is an underground conflict within the discipline of conservation biology between those
interested to prevent populations from becoming too small to retain genetic diversity by adopt-
ing a more inclusive Evolutionary Significant Unit (ESU) definition and those that continue
to highlight the need for an objective and evolutionary approach to ESU‘s delimitation even
if this means having a greater number of conservation units with inevitably smaller ranges
and a lower number of individuals (Zachos et al., 2013; Senn et al., 2014; Gippoliti et al.,
2018; Gippoliti & Groves, 2020) and thus more prone to extinction. This is an ill-conceived
scientific dilemma, as the study of biodiversity and delimitation of species are complex autono-
mous scientific issues that should be left unaffected from extra-scientific practical management
problems (Dubois, 2003). At present there is also an extensive scientific debate around the
species concept which shall be applied, of which some conservationists and biologists seem
unaware (cf. Zachos, 2016). The aforementioned visions collide when a distinct ESU estab-
lished by a population geneticist is considered a distinct species by a taxonomist following an
evolutionary species concept (Goldstein et al., 2000), the latter move being perceived as ,anar-
chic® by some biologists (Garnett & Christidis, 2017). Therefore, conservation biologists and
zoo managers should be prepared to coexist with taxonomic conflicts and scientific debates. Yet
this seems not always the case at present.

This conflict may appear far and mostly ,academic in several fields of conservation biol-
ogy, and specifically for in situ conservation as the apparent value of a protected area may not
be changed if it protects a population labelled as Ursus arctos Linnaeus, 1758, Ursus arctos
isabellinus Horsfield, 1826 or Ursus isabellinus, (but see Hazevoet, 1996; Gippoliti & Amori,
2012). However, the same certainly cannot be said when we are dealing with ex situ conserva-
tion in zoos and other dedicated facilities (van Bemmel, 1971; Dathe, 1978; Ziegler et al., 2015;
Gippoliti, 2019). The following case examples reinforce that exchange and networking with
taxonomists positively pave the way for improved One Plan Approach conservation.

A classical recent example originated from the IUCN/SSC Felid Specialist Group attempt to
develop a consistent felid taxonomy as a basis for conservation efforts. The results presented
by Kitchener et al. (2017) led to a severe contraction of the recognised tiger Panthera tigris
(Linnaeus, 1758) subspecies. If this taxonomic contraction had been immediately accepted by
the zoo community, it would have led to the dismissal of several coordinated ex situ breeding
programs for tiger subspecies (Luo et al., 2010) if a subsequent study had not contradicted the-
se results (Liu et al., 2018), confirming the validity (,reality) of the classically accepted tiger
subspecies. The same problem arises with the lumping of North China and Amur subspecies of
leopards, Panthera pardus japonensis (Gray, 1862) and P. pardus orientalis (Schlegel, 1857) re-
spectively, that could result in terminating the ex sifu breeding program for the most threatened
leopard taxon on Earth, the Amur leopard (Uphyrkina & O’Brien, 2003).

These extreme episodes demonstrate the critical importance of taxonomy, even because one of
these subspecies, the Chinese tiger Panthera tigris amoyensis (Hilzhemier, 1905), exists only as an
ex situ population. Although a single paper is often sufficient to terminate the validity of a taxon and
thus deleting it from the conservation agenda, this needs extreme caution because synonymizations
have frequently been subsequently reversed, for example when new datasets with new evidence were
available. An example is the Northwestern African crocodile Crocodylus suchus E. Geoffroy, 1807,
for long time hidden under the Nile crocodile C. niloticus (Laurenti, 1768), also in zoo collection
holdings (Ziegler et al., 2015). Best studied species, such as tiger, may also be separated in a num-
ber of units for conservation (Hoelzel, 2023) but this extra-taxonomic option is precluded to most
organisms at present.
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Fig. 2: Mhorr gazelle (Nanger mhorr). Photo: S. Gippoliti
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Fig. 3: West African crocodile (Crocodylus suchus). Photo: A. Rauhaus

The simple fact that the number of currently recognised mammal species has grown to 6,495 com-
pared to the 5,416 in 2005 — an increase of 1,079 species in about 13 years (Burgin et al., 2018); and
in September 2024 the number raised at 6,753 (mammaldiversity.org) shows that increasing species
number is a reality even for the most well-known taxonomic groups.

In general, careful consideration is recommended in the treatment of populations from diffe-
rent geographic lineages under ex situ conditions, in particular if different conservation breed-
ing units or even taxa could be involved. Molecular analyses are thus crucial for separating
different conservation units, carrying out proper population planning, and preparing suitable
restocking measures to strengthen natural populations (Pohlova et al., 2014; Norman et al.,
2018). A prominent example from herpetology is the Chinese softshell turtle Pelodiscus sinen-
sis (Wiegmann, 1835) complex, a species listed as Vulnerable by the [IUCN Red List and previ-
ously believed to be widespread, but now consisting of six species with smaller ranges and thus
also being more threatened (Gong et al., 2021). Recently, a first conservation breeding program
has been established for the taxonomically distinct conservation unit from northern Vietnam
(Ziegler et al., 2020a). The black knobby newt Tylototriton asperrimus Unterstein, 1930 was
also believed to be widespread and kept by both hobbyists and zoos, but now consists of a con-
tinuously growing number of micro-endemic species, that have to be dealt with independently
(Bernardes et al., 2013).

This is in particular important taking the [IUCN CPSG’s One Plan Approach to Conservation
into account, which combines in situ and ex situ conservation measures (Byers et al., 2013).
In the Four-eyed turtle Sacalia quadriocellata (Siebenrock, 1903) several conservation units
were identified recently applying a molecular analysis in a phylogeographical context. This
is crucial on the one hand for building up adequate conservation breeding groups as suitable
assurance colonies for later restocking measures to stabilize diminished natural populations. On
the other hand, this knowledge helps to avoid genetic pollution by releasing individuals from
confiscations in unsuitable populations and locations. Release in unsuitable regions could also
lead to animal losses, if for example individuals from southern populations are transferred into
the much cooler north during the winter time (Le et al., 2020). Such phyloforensic research also
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Fig. 4: Four-eyed turtle (Sacalia quadriocellata). Photo: T. Ziegler
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has recently been performed for the water monitor lizard Varanus salvator species complex
(Welton et al., 2013) and the crocodile lizard Shinisaurus crocodilurus Ahl, 1930, which were
revealed to consist respectively of several taxa and conservation units. Genetic screening of zoo
stocks was crucial to allocate held individuals to respective lineages (Ngo et al., 2020). Mole-
cular analyses helped to allocate individuals to populations and geographic lineages, to identify
hybrids and care for proper species identification and zoogeographical allocation. A recent ex-
ample from ichthyology is the Malagasy rainbowfish Bedotia madagascariensis Regan, 1903,
which was previously misidentified in European zoo holdings as B. geayi Pellegrin, 1907 until
molecular identification took place (Ziegler et al., 2020b).

The mixing of different lineages or subspecies, as in the case of Nanger dama (Pallas, 1766),
the dama gazelle (Senn et al., 2014), with the subspecies Nanger dama mhorr (Bennett, 1833)
having a very small number of founders, must be carefully considered. It only seems to be justi-
fied, when total extinction of a taxon has to be prevented. Scientific evidence about the original
genetic population structure, its origin and adaptive significance is crucial here, but often lacking
(Thakur et al., 2018; Schreiber et al., 2018; Schreiber, 2022). For comparison, it is interesting to
note that despite a long history of scientific debate whether the red wolf Canis rufus Audubon et
Bachman, 1851, viz. was a true species or rather hybrids between coyotes and wolves (National
Academies of Sciences, Engineering, and Medicine, 2019), the US Fish and Wildlife Service
continues to support ex situ efforts and new reintroduction has recently taken place (Hinton et al.,
2013; Gese et al., 2015).

Maintaining viable ex situ populations is at present one of the most important goal of modern
zoological gardens (Robovsky et al., 2020). Although greater emphasis is directed toward genetic
and demographic goals, the value of these ex sifu programs relies on the soundness of selected
conservation units. As the recent case of the Chinese giant salamanders (genus Andrias Tschudi,
1837) highlights, breeding and releasing individuals without the due care of the taxonomic real-
ity may exacerbate problems rather than being a solution (Yan et al., 2018). Formerly believed
monotypic with a unique species, Andrias davidianus (Blanchard, 1871), Chinese authorities
supported breeding and reintroduction programs that de facto mixed the four species currently
recognised based on molecular analyses (Turvey et al., 2019). The Andrias case demonstrates
that the arguments for a due attention to solid taxonomic evaluation before performing ex situ
conservation and translocations (Dubois, 2006; Gippoliti et al., 2021) were well-founded. Another
similar example concerns the genus Tupinambis Daudin, 1802, for which taxonomic revisions
revealed the presence of multiple species in this once monotypic genus. However, individuals
held in zoos continued to be associated to only one species, 7. teguixin (Linnaeus, 1758), which
was described more than 260 years ago. Thus, it was not surprising that first molecular analyses
revealed more than one tegu species being held among zoos (Ziegler et al., 2019a). It should be
noted that zoo support to taxonomic-phylogenetic research should always be positive if, as in the
case of the Ethiopian endemic primate Theropithecus gelada (Ruppell, 1835), it helps to identify
distinct ESUs that should be the target of in situ conservation programs (Zinner et al., 2018).

These examples reinforce the idea that zoo stocks should be carefully checked regarding both
taxonomic affiliation and purity of breeding, because only properly identified and pure-bred zoo
stocks are of conservation value in the sense of [IUCN’s One Plan Approach to Conservation.
For example, if crocodiles with farm origin should be included in conservation breeding and
restocking projects, genetic testing of purity of breeding is crucial, as hybrids were reported,
e.g. among held Siamese crocodiles Crocodylus siamensis (Schneider, 1801) and Philippine
crocodiles C. mindorensis Schmidt, 1935 (Ziegler et al., 2015). The case of another charismatic
zoo animal, the giraffe, is emblematic here, as holdings of animals of different provenances
were encouraged by a general lack of credibility that surrounded taxonomy and the subspecies
concept in biological circles (Geist, 2007; Vinarski 2015a; 2015b) during most of the twentieth
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Fig. 7: Philippine crocodile (Crocodylus mindorensis). Photo: T. Ziegler

century. Giraffes now are recognised as belonging to a still unstable number of species and sub-
species (Groves & Grubb, 2011; Fennesy et al., 2016; Petzold et al., 2020) with obvious hybrid
ex situ subpopulations without any conservation significance having to be excluded from zoo
breeding programs.

While debates about the taxonomic status of hidden or overlooked populations among higher
vertebrates have been relatively common in recent years (Gippoliti & Groves, 2018; Taylor et
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al., 2019), true discoveries happen still regularly and scientific descriptions are continuously
released among lower vertebrates. An impressive example is the megadiverse gecko genus Cyr-
todactylus Gray, 1827 from Southeast Asia, with far more than 300 nominal species and thus
representing the most diverse genus of the Gekkonidae. The species number of bent-toed geckos
reported from Laos and Vietnam has remarkably increased from five in 1997 to 71 species in
2021 (Ngo et al., 2022). Only when species and their ranges are defined, they can be properly
protected, because we can only protect what we know.

This is not where research ends, it is rather beginning with the adequate taxonomy. Next, habi-
tat requirements and ecological adaptations must be determined to better understand the species’
niche occupancy but also for the proper set up of keeping conditions for the build-up of conser-
vation breeding programs in zoos (Ziegler et al., 2019b). To reach an official or increased legal
protection status (i.e. [UCN Red List, CITES, new protected areas) population and threat analyses
must follow, as they were performed recently for crocodile and warty newts, for genera such
as Tylototriton Anderson, 1871, and Paramesotriton Chang, 1935, the Psychedelic Rock Gecko
Cnemaspis psychedelica Grismer, Ngo & Grismer, 2010, tiger geckos Goniurosaurus Barbour,
1908, and the Green Water Dragon Physignathus cocincinus (G. Cuvier, 1829) (Bernardes et al.,
2020; Nguyen et al. 2018, Ngo et al. 2016; Ngo et al., 2019, Gewiss et al. 2020). Several higher
taxa, such as amphibians, constitute a diverse yet still incompletely characterised clade of ver-
tebrates, in which new species are still being discovered and described at a high rate (Vietes et
al., 2009; Streicher et al., 2020). Regardless of whether divergent lineages should or should not
be recognized and described as distinct species, even conspecific divergence is important in ex
situ conservation programmes. Nominally conspecific yet divergent lineages represent allopatric
populations that may have genetic variants that represent incompatibilities or local adaptations and
perhaps cannot or should not be interbred in human hands (Crawford et al., 2013). This highlights
the significance of sound taxonomy for subsequent research and adequate One Plan Approach
conservation measures.
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odile newt (Tylototriton vietnamensis). Photo: A. Rauhaus

Fig. 9: Vietnamese croc

For the impact on biodiversity conservation worldwide, an increased attention to taxonomy
and a stronger collaboration with the taxonomic community may prove highly beneficializing
to both ex situ and in situ conservation. In the end, continuing discoveries of Earth biodiversity
may prove a further force to increase awareness of the need to maintain its ecological properties
among new generations of humans.
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