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RE: Response to range-wide snow leopard phylogeography
supports three subspecies

In response to Janecka et al. (2017), we welcome this
much-needed study on the phylogeography of the snow
leopard. Gathering and producing a data set of this size and
quality on such an elusive species has clearly taken a long-
term and large-scale collaborative international effort which
should not, in any sense, be underestimated. The genetic
data will undoubtedly benefit both scientific understanding
and inform future conservation management of the species.
It is, however, unfortunate and unnecessary to conclude,
based on this data set, that the snow leopard comprises three
separate subspecies. We feel this conclusion the over-
interpretats an otherwise solid molecular data set and that
this move goes against a more general feeling in con-
servation genetics, that it is advisable to avoid the use of the
ill-defined, and problematic “subspecies” label (Table 1)
and to move away from reliance on traditional population
genetic data alone to generate units of any kind below the
species level. Instead, multiple lines of genetic and non-
genetic evidence that have some basis in fitness should be
preferred (Ryder 1986; Zink 2004; Frankham et al. 2011,
2012, 2017; Carstens et al. 2013; Heller et al. 2013; Zachos
et al. 2013; Zachos 2015). We set out the basis for our
opinion below and discuss this further.

Sampling

It should be noted that the sampling (70 samples from 21
locations) provides a far from complete coverage of the
estimated 1.6–3 million km2 range. Except for four Nepa-
lese samples from the eastern border, there is no sampling
from the rest of the Nepali Himalaya and the NW Indian
Himalaya, between the western border of Nepal and the
Karakorum mountain range. The proposed boundary
between two of the putative subspecies reported by Janecka
et al. (2017), coincides with this sampling gap, which is
problematic for the interpretation of the data. Similarly,
samples were only collected from the western Tien Shan
range, with no samples from the mountain ranges to the
west and south of the Dzungarian Basin, which has been
highlighted as a region of importance for understanding
population connectivity for snow leopard (Riordan et al.
2015). Janecka et al. (2017) also present this area as a
boundary between putative subspecies, which we again
think should be interpreted with a degree of caution based
on the distribution of samples used. Given the difficulty of
collecting samples in this region of the world we do not
criticise the authors for these gaps, it should, however, be
acknowledged that they may be contributing to the pattern
of divergence shown since the authors are primarily relying
on the evidence from genetic markers to make their claim,
this is relevant, if potentially difficult to overcome.

Lack of mtDNA diversity

The almost complete absence of mtDNA diversity across
the 70 samples at 96 bp of Cytochrome b, 224 bp of
hypervariable region II and 323-bp of the central conserved
region of d-loop (control region) is a striking finding. The
authors cite various possible reasons to explain this, such as
insufficient sequencing of the mitogenome, the selection
pressure of hypoxia, adaptive introgression following
hybridisation with the African lion Panthera leo lineage (Li
et al. 2016) or a population bottleneck. One viewpoint
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might be, that far from showing discordance, the mtDNA
data instead simply corroborates a picture of relatively low
genetic diversity in snow leopards (mean number of alleles
per locus= 5.8) following an expansion from an estimated
8000-year-old bottleneck (estimated range= 4574 to
11,893 ya). Divergence at mtDNA is one of the only rea-
sonably universally comparable benchmarks available to the
delimitation of mammalian taxa (Bradley and Baker 2001).
While there are clearly alternative explanations than can be
offered, and monophyly at mtDNA should not be a suffi-
cient criterion for delimitation of taxa (Moritz 1994), evi-
dence from mtDNA should still, in general, be given
consideration alongside other lines of evidence. Critically,
in this case, the differentiation at nuclear markers, which is
essentially rather hard to benchmark, is not corroborated by
other lines of non-genetic evidence (see below), which
might allow us to more easily disregard the mtDNA find-
ings. While we agree that various explanations of the
mtDNA evidence are possible, we feel again, that relying on
microsatellite data alone is not appropriate.

Genetic structure within the microsatellite
data

A variety of well-established population genetic methods
recover concordant patterns of hierarchical genetic popula-
tion structure, which could reasonably be read as providing
evidence of division into 2, 3 or 6 population clusters. There
is evidence of admixture between the clusters (Janecka et
al., Fig. 2d). We would interpret this picture as showing
population-level differentiation, that in the absence of other
corroborating lines of evidence should not be elevated
above this status. We would, of course (considering the
issues with sampling gaps discussed above), encourage full
consideration of these data in the continuing management
and the potential future designation of Management Units
for snow leopards. Management Units should, however,
always also take into consideration the practicalities of
implementation (i.e., legal and conservation frameworks)
(Taylor and Dizon 1999; McCarthy and Mallon 2016) and
potentially other lines of evidence (Table 1).

Taxonomy

There is considerable disagreement about whether sub-
species are a valid or useful taxonomic division at all, not
least since there is no clear consensus on definition (see for
example a recent discussion on grey wolf Canis lupus
subspecies in this journal; Cronin et al. 2015 and review by
Haig et al. 2006). However, Janecka et al. (2017) do not, in
our opinion, meet their own criteria: “Subspecies are gen-
erally considered distinct populations that correspond to
geographic boundaries and meet discreteness and

significance criteria”. Here, we see limited evidence of clear
geographical boundaries between putative subspecies and
no additional corroborating lines of evidence are available
(e.g., there only very limited suggestions of phenotypic
difference between Northern and Southern clusters; Kitch-
ener et al. 2017 and no marked environmental difference;
Frankham el al. 2011). The Gobi Desert in China and
Mongolia is interspersed with many rocky mountains, all of
which are occupied by snow leopards. They are known to
disperse between these habitat patches (e.g., Wang and
Schaller 1996; Snow Leopard Network 2014) and so the
Gobi does not in fact present a clear ‘barrier effect’. The
absence of a major landscape feature correlating with the
putative P. u. uncia and P. u.’uncioides’ boundary is
especially marked. The authors state that the Transhimalaya
are near-continuous and propose no specific barrier, except
for the somewhat imprecise suggestion of major rivers.
However, the upper reaches freeze during winter, facilitat-
ing dispersal and the notional barrier would apply only to a
small part of this putative boundary, since farther north, the
Qinghai-Tibetan Plateau is an open landscape interspersed
with mountains. Furthermore, Janecka et al. (2017) suggest
that the western cluster includes the Pamirs, which lie at the
junction of several major ranges (Tien Shan, Pamir-Alai,
Hindu Kush, Kun Lun) forming the so-called ‘Pamir Knot’,
long been considered a major biogeographical link—the
very opposite of a barrier. The approximate boundary of the
proposed subspecies shown on the map (Fig. S6) appears to
cut arbitrarily across the western part of the Qinghai-Tibet
Plateau, and continues equally arbitrarily across the western
Himalaya, coinciding with the political border of Nepal.

It also seems unclear that the clusters would meet the
criteria of evolutionary significant units (ESU) or the criteria
of other proposed means of classification below the species
level (Table 1). The debate over the utility of subspecies and
related concepts is unlikely to be resolved any time soon.
However, in general there is caution within the conservation
community against the use of single lines of molecular genetic
evidence to justify splitting previously accepted taxonomic
arrangements, since this rarely serves a conservation purpose
for the species in question (Frankham et al. 2012; Carstens et
al. 2013; Zachos et al. 2013). In a recent review of the tax-
onomy of the Felidae, Kitchener et al. (2017) have reduced
the number of recognised subspecies from 208 listed by
Wozencraft (2005) to 77, owing to the lack of combined
molecular, morphological and biogeographical evidence in
support of most previously recognised subspecies.

Nomenclature

Finally, we must also note that the proposed nomenclature
for the three posited subspecies is incorrect. The name irbis
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(Ehrenberg 1830) was suggested as a replacement for uncia
and is a junior synonym of P. uncia (Schreber 1775)
because Pocock (1930) fixed the type locality of uncia as
the Altai Mountains. Horsfield (1855) did not designate a
type specimen for Felis uncioides from Nepal and hence
this is a nomen nudum. The next available name is
schneideri (Zukowsky 1950) for populations from the
Himalayas, so the western population as defined by Janecka
et al. (2017) would require a new subspecies name. How-
ever, we believe that there is insufficient evidence to war-
rant this taxonomic revision and, until other evidence
becomes available, we would suggest Panthera uncia
continues to be regarded as a monotypic species.

In closing, we would encourage authors claiming new
taxonomic designations, that they not only outline the
species/subspecies definition(s) that they make their claims
under, but also explore their justifications for choosing
them, and test them against multiple definitions. There are
many other studies whose conclusions might also be clar-
ified for the conservation community by using this approach
(e.g., Koepfli et al. 2015; Fennessy et al. 2016). This
information will facilitate the interpretation of the study in
question by conservation managers. IUCN specialist groups
can help this process by generating and applying appro-
priate and consistent guidelines on the appropriate taxo-
nomic criteria for conservation purposes (e.g., IUCN/SSC
ASG 2017; Kitchener et al. 2017), these are currently much
needed.
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