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Abstract

Historical DNA of museum specimens is of paramount importance in elucida-
tion of complex nomenclature issues and a priceless source of material gath-
ered during preceding centuries in hardly accessible today sites. Here we report
the results of genotyping type specimens of Lemmus obensis bungei Vinogradov,
1925 from the collection of the Zoological Institute RAS and specimens of lem-
mings from the upper streams of the Omolon River, identified as L. amurensis
from the collection of the Institute of Systematics and Ecology of Animals, Sibe-
rian branch of RAS. The genetic profile of the type specimens in the first case
was crucial for the nomenclatural solution as these specimens are from the
point of the major evolutionary divergence on the Lena River. The results of the
study convincingly showed that the lectotype belong to the eastern mitochon-
drial lineage of L. sibiricus. Therefore, if ever in the further studies it would be
conclusively shown that this mitochondrial lineage may become a valid taxon of
any rank, then names “novosibiricus”, “ognevi”, “portenkoi” will become younger
synonyms of “bungei”. The new obtained sequences of the specimens from the
Omolon prove initially wrong assignment and represent L. sibiricus eastern lin-
eage.

Keywords: historical DNA, collection samples, Lemmus, type specimens, cyto-
chrome b, species identification

Introduction

With the advances in DNA technologies, it has been recognized that zoological
collections and herbariums have the potential to serve as a vast source of DNA
(Wandeler, Hoeck and Keller, 2007). It is customary to designate the DNA that
is obtained from traditional museum voucher specimens as “historical” DNA
(hDNA), and it is as a rule from specimens not older than 200 hundred years old
(Raxworthy and Smith, 2021). Recent hDNA studies have helped to clarify taxo-
nomic confusion with type specimens (Abramson and Petrova, 2018; Kehlmaier
et al., 2019; Petrova, Tesakov, Kowalskaya and Abramson, 2016; and others). His-
torical DNA of museum specimens is of paramount importance in elucidation
of complex nomenclature issues. It is also a priceless source of material that was
gathered during preceding centuries in the sites which are hardly accessible today
due to political or economic reasons. Historical DNA obtained from museum
specimens in most cases is represented by fragments of mitochondrial (mt) ge-
nome, rarely by almost complete mitogenomes. The discordances between the mt
trees and nuclear gene trees are very common, and it is one of the reasons to treat
mt trees and based upon them revisions in classification with caution. However,
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Fig. 1. Sampling localities.

Locations are colored according to cytochrome b lineages, as shown in Fig. 2. Points numbers 17 and 15 are the lectotype and paralecto-
types of Lemmus bungei respectively. Locality numbers correspond to Table S1.

mtDNA may serve as a very good diagnostic feature,
and as such was proposed as a DNA barcode (Hebert,
Cywinska, Ball and deWaard, 2003). DNA sequencing
of name-bearing type specimens is thus regarded as the
gold standard for taxonomy (Renner, 2016). Such pro-
cedure enables the unambiguous assignment of extant
populations to the named entity or enables a clear dis-
tinction between newly discovered forms and those that
have already been described (Kehlmaier et al., 2019).
Species of the genus Lemmus Link, 1795, are wide-
spread and abundant rodents in the Holarctic tundra
(Shenbrot and Krasnov, 2005), and keystone herbivores
in arctic ecosystems of Eurasia and North America. The
studies of distribution, systematics and phylogeny of this
taxon are to significant degree hampered by hard acces-
sibility of the Arctic sites. In addition, some places from
where museum samples were obtained a hundred years
ago have undergone serious anthropogenic landscape
transformation, and currently lemmings have totally dis-
appeared from those sites. In this case, correct identifica-
tion through genotyping specimens stored in the museum
collection may help to fill the gaps in our knowledge of
taxonomy and species distribution. Systematics and no-
menclature of true lemmings abound with unsettled is-
sues, reflecting sampling gaps on the one hand, and dif-

ferent views on species delimitation on the other. After
decades of passionate research on morphology, karyol-
ogy and mitochondrial sequences, using interpopulation
hybridization (Abramson, Kostygov and Rodchenkova,
2008; Abramson and Petrova, 2018; Chernyavsky et al.,
1993; Chernyavsky and Kartavtseva, 1999; Fedorov, Go-
ropashnaya, Jarrell and Fredga, 1999; Fedorov, Goropash-
naya, Jaarola and Cook, 2003; Fredga, Fedorov, Jarrell and
Jonson, 1999; Gileva, Kuznetsova and Cheprakov, 1984;
Pokrovski, Kuznetsova and Cheprakov, 1984; Rausch and
Rausch, 1975), the two recent-most revisions still do not
agree on the number of species in Lemmus, recognizing
either two (Lissovsky et al., 2019), three (Krystufek and
Shenbrot, 2022) or four species of lemmings (Abramson
and Lissovsky, 2012; Pardifias et al., 2017). Putting aside
a well-differentiated trans-Beringian Lemmus trimucrona-
tus Richardson, 1825, the disputes are over the Palearctic
representatives. Phylogeographic studies revealed that the
conventional species delimitation does not match the mi-
tochondrial genetic clades. A widespread L. sibiricus Kerr,
1792 appeared to be a composite of two deeply divergent
mitochondrial lineages presumably separated by the Lena
River (Fedorov, Goropashnaya, Jarrell and Fredga, 1999;
Fredga, Fedorov, Jarrell and Jonson, 1999). The lineage
westward of the Lena River is genetically close to a rich-
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ly colored L.lemmus Linnaeus, 1758 from Fennoscandia
(Fig. 1). The eastern lineage, in its turn, splits into two
deeply divergent branches, one of which represents dwarf
L. amurensis Vinogradov, 1924. It is a small lemming with
a typical stripe at the back, distributed from Transbaikal
region (where it is most likely extinct) to the South Yaku-
tia. The other branch represents motley-colored lemmings
of the so-called eastern lineage of L.sibiricus (Abramson
and Petrova, 2018) occurring in the north east of the Lena
River delta and up to the left bank of the Kolyma River.
The isolated populations of this lineage also occur at No-
vosibirskie Islands, Wrangel Island and east of Sredinnyi
Range at Kamchatka Peninsula (Fig. 1). However, the
south-eastern border of the eastern L. sibiricus lineage and
L. trimucronatus remain obscure. In our previous work
(Abramson and Petrova, 2018) it was shown that all the
small lemmings from the Kolyma highlands that were
referred to as L.amurensis (Carleton and Musser, 2005;
Chernyavsky, 1984; Kostenko, 2000; Shenbrot and Kras-
nov, 2005) are misidentified and should be assigned to
eastern lineage of L.sibiricus. However, while the border
line between the distribution of L. sibiricus eastern mt lin-
eage and L. trimucronatus at the north is clearly designated
by the mouth of the Kolyma River, the interrelationships
and distribution of both species at the vast territory along
the north-western coast of the Sea of Okhotsk and Kolyma
Highland are poorly known.

Systematic arrangement of lemmings is further com-
plicated by the uncertain taxonomic status of the species
group named bungei, which prevents a sound nomencla-
tural solution at the crucial point of the major evolution-
ary divergence at the Lena River. Unambiguous taxonomy
is crucial in this case because L. obensis bungei Vinogra-
dov, 1925, is the oldest available name for lemmings of Si-

Table 1. Material used in the study

beria, next to Mus Lemmus sibiricus Kerr, 1792. The name
bungei was once suggested as the appropriate name for
the eastern mt lineage of sibiricus, ranked either a species
(Fredga, Fedorov, Jarrell and Jonson, 1999) or a subspe-
cies (Pardifas et al., 2017). The type locality of Lemmus
obensis bungei was designated as “the lower course of the
Lena River (Sagystyr Island, range Khara-Ulakh)” (Vino-
gradov, 1925: 56). The sequences of the mt cytochrome
b (cytb) of lemmings trapped at the Samoilovskiy Island
that is in the middle of the Lena River delta, and thus
considered as topotypes, were earlier compared with the
sequences of lemmings from other regions of the range
(Abramson, Kostygov and Rodchenkova, 2008). The re-
sults obtained in the cited study clearly pointed out that
lemmings from Samoilovskiy Island belong to the western
clade whereas Fredga, Fedorov, Jarrell and Jonson (1999)
supposed the name “bungei” for the eastern clade. How-
ever, the specimens from the type series have not yet been
studied, and the proper use of species names depends en-
tirely on verifying whether newly analyzed specimens are
conspecific with the type material.

The aim of our study is by applying the hDNA
technique (1) to define the taxonomic identity of type
specimens L. obensis bungei, and (2) check the taxonom-
ic assignment of small lemmings occurring east of the
Kolyma River in an area where one can expect either the
eastern lineage of L. sibiricus or L. trimucronatus.

Materials and methods
Material

The material for this study consisted of nine museum
samples (including four specimens of the type series
of L. obensis bungei) originating from four localities in

Species . . . GenBank
Taxonomic Specimen . Collection .
names as Locality (map) accession
status voucher year
labeled No
L. obensis bungei lectotype ZISP 11028 Russia, Yakutia, Lena River delta, Muostakh Island, 1883 MN542670
71.6° N, 129.98° E (7)
L. bungei paralectotype ZISP 6726 Russia, Yakutia, Lena River delta, Sagastyr Island, 1883 MN542671
73.387° N, 126.615° E (5)
L. bungei paralectotype ZISP 11025 1883 MN542672
L. bungei paralectotype ZISP 11026 1883 MN542673
L. amurensis ISEA 49007 Russia, Magadan Region, Kegali, 64.362° N, 1969 MN542674
161.968° E (16)
L. amurensis ISEA 49037 1969 MN542675
L.amurensis ISEA 49039 1969 MN542676
L. amurensis ZMMU S-124117 | Russia, , Omolon Village, 65.234° N, 160.550° E (17) 1978 OL519590
L. amurensis ZMMU S-124118 1978 OL519591

Museum names are abbreviated as follows: ZISP, Zoological Institute of the RAS (Saint Petersburg); ISEA, Institute of Systematics and Ecology
of Animals of the Siberian Branch of the RAS (Novosibirsk); ZMMU, Zoological Museum of Moscow State University (Moscow). Locality numbers

(in brackets) correspond to Fig. 1.
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eastern Siberia, Russian Federation (Table 1). Until fur-
ther genomic studies using nuclear data, we keep using
conventional species recognition and use the nomencla-
ture as in Abramson and Lissovsky (2012) or Pardifas et
al. (2017) with a notion that these names do not always
embrace monophyletic taxa as evidenced by mitochon-
drial cytb gene. In addition to our new samples, a further
79 cytb sequences were downloaded from the GenBank
database (Table S1). The information on the geographic
origin and the year of collection of the studied museum
specimens is given in Table 1.

DNA extraction, amplification, and sequencing

DNA from museum skin samples was isolated using Qia-
gen’s QIAamp Tissue Kit. A 337 bp fragment of the cytb
gene was amplified in three overlapping fragments using
primers and PCR conditions published in Lagerholm et
al. (2014). Both DNA isolation and PCR with museum
samples was conducted in the room isolated from post-

FJ025979 (29)
FJ025978 (29)
FJ025977 (29)
AJO12678 (29)

KX455621 (28)
AY219144 (21)
AJO12673 (20)
AJ012674 (21)
AY219142 (19)
MN542670 (17)
AY219141 (18)
AJO12677 (22)

KX455622 (23)

KX455624 (24)

KX455626 (25)

KX455627 (25)

94 KX455625 (24)

- KX455623 (24)

MN542674 (26)

69 MN542676 (26)

OL519590 (27)

0L519591 (27)

'~ MN542675 (26)

85 L. amurensis

L. lemmus

FJ025981 (16)

AY219143 (13)

MN542673 (15)

JX483886 (11)

JX483891 (10)

80 JX483882 (11)

JX483884 (11)
AY219140 (12)
AJO12672 (14)
MN542672 (15)
FJ025980 (16)
MN542671 (15)
70 JX483889 (9)
JX483890 (9)
JX483887 (11)
JX483883 (11)
JX483888 (11)
JX483885 (11)

190 w1 | trimucronatus

outgroup

A.

L. sibiricus (east clade)

0.025

92

_/‘/J

L. sibiricus (west clade)

'7/11

ﬁ’/

1.346.7.8

PCR facilities using a PCR Workstation (LAMSYSTEMS
CC) and the working surface, all instruments and plas-
tics were sterilized with UV light and chloramine-T to
avoid contamination. The PCR products were purified
with Omnix kit columns (Omnix, St. Petersburg) and se-
quenced in both directions using the ABI Prism BigDye
Terminator Cycle Sequencing Ready Reaction Kit on an
ABI PRISM 3130 (Applied Biosystems Inc.). Sequences
were edited, assembled and aligned with BioEdit (Hall,
1999). Newly determined sequences were deposited
in GenBank under accession numbers MN542670 —
MN542676, OL519590, OL519591 (Table 1).

Phylogenetic tree and network

To verify the position of animals under study among the
extant lemmings’ mitochondrial lineages we analyzed
88 Lemmus sequences (Table S1). The final alignment
comprised the 313 bp cytb fragment (it was shortened in
order to use previously published data). Phylogenetic re-

L. sibiricus (east clade) .
21 ( f‘ﬂ\\ )

22

L. amurensis

30 31 33 33

29
33

L. lemmus

9,11,16 14,15

10,11,13,15,16

L. trimucronatus

L. sibiricus (west clade)

Fig. 2. Maximum Likelihood phylogenetic reconstruction and median-joining network based on the Lemmus cytochrome b sequences.
A. Maximum Likelihood phylogenetic reconstruction. Node labels display ultrafast ML bootstrap above 50 %. B. Median-joining network.
For haplotype labels, refer to Fig. 1, Tables 1 and S1. Size of circles diameter is proportional to haplotype frequency; branch length is

shown with hatch marks.
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construction was performed with Maximum Likelihood
(ML) method using IQ-TREE web server (Trifinopou-
los, Nguyen, Haeseler and Minh, 2016) with 10,000 ul-
trafast bootstrap replicates (Hoang et al., 2018). Three
specimens were used as an outgroup (Myopus schisti-
color EU165208, Dicrostonyx torquatus AF119275 and
Synaptomys cooperi DQ323957). Median-joining net-
work (Bandelt, Forster and Rohl, 1999) was conducted
in PopART 1.7 (http://popart.otago.ac.nz).

Results

Our study retrieved nine new specimens, generating a to-
tal dataset of 44 different lemming cytb haplotypes. With-
in the 313-bp long fragments considered here, 65 poly-
morphic sites were found, 46 of which were parsimony
informative. No stop codons, insertions, or deletions
were observed in the alignment. The ML tree (Fig. 2A)
reconstructed a topology shown earlier (Abramson and
Petrova, 2018), where Palearctic branch is divided in two
well supported clades each of which is further subdivided.
These final four supported clades within Palearctic Lem-
mus do not correspond to conventional species delimi-
tation, and L. sibiricus thus appeared to be paraphyletic
at the mitochondrial tree. Populations west of the Lena
River mouth are sister to L. lemmus, and populations east
of the Lena River mouth including Novosibirskie Islands
and Wrangel Island, east shore of Kamchatka and Verk-
hoyanskiy Ridge are sister to L. amurensis. No subdivi-
sions within the clades are supported, and genetic varia-
tion within clade is clearly smaller than between clade
(Fig. 2B). The lectotype of L. obensis bungei (taxonomy is
given as at the label) is clearly within the eastern clade of
L. sibiricus. However, all paralectotypes studied are found
within the western clade of L. sibiricus.

The median-joining haplotype network (Fig. 2B)
clearly showed the same four clusters, which were al-
ready recognized at the tree and in earlier studies. New
specimens from “bungei” type series fell into both clus-
ters of L.sibiricus in accordance with their geographi-
cal origin but not with the previous morphology-based
taxonomic identification. Those from Sagastyr Island
(Fig. 1, pt. 15) were in the western clade, and the lec-
totype from Muostakh Island (Fig. 1, pt. 17) was in the
eastern clade of L. sibiricus. It is noteworthy that the hap-
lotype of lemming from Moustakh Island is identical to
one from Novosibirskie Island and very close (1 substi-
tution) to one from the left bank of the Kolyma River.

Lemmings from Kegali and Omolon (Fig. 1, pt. 26
and 27), which were initially classified as L. amurensis,
genetically clustered with L. sibiricus east and not with
L. amurensis haplotypes from the Far East. The identi-
fication of these samples unambiguously refers them
to the Palearctic branch of Lemmus, not to L. trimucro-
natus.

Discussion

Nomenclature issues related to
Lemmus obensis bungei Vinogradov, 1925

The results of genotyping type series of Lemmus obensis
bungei revealed the situation when holotype / lectotype
and paratypes / paralectotypes belong to genetically di-
vergent mitochondrial lineages not for the first time. We
faced a similar situation when genotyping type material
on Stenocranius gregalis raddei Poljakov, 1881 (Petrova,
Tesakov, Kowalskaya and Abramson, 2016) and in case
with type material of Lemmus flavescens Vinogradov,
1925 (Abramson and Petrova, 2018). For the nomencla-
tural decisions, the genetic identity of the name bearing
specimen, that is the holotype / lectotype, is of primary
importance, as already underlined.

In his paper of 1924, Vinogradov proposed two new
lemmings (Lemmus amurensis and Lemmus obensis no-
vosibiricus), and introduced still another name under
remarks to novosibiricus (p. 189). The following year
Vinogradov (1925) published again L. obensis bungei as
a new subspecies and provided a detailed description
(type locality and diagnosis are in English), measure-
ments and drawings of the skull in dorsal and ventral
views. Thus, Vinogradov 1925 paper is the first proper
naming of bungei. Vouchers used by Vinogradov are de-
posited in Zoological Institute in Saint Petersburg and
were listed on p. 56 of his 1925 paper. They originate
from two islands (Sagastyr and Muostakh) and further
two mainland sites on the right (Kharaulakhskiy ridge)
and the left bank of the Lena River (village Bulun), re-
spectively. Among these syntypes, Baranova and Gro-
mov (2003: 65) designated a voucher ZISP 11028 from
“Island Muostakh east of the estuary of the Lena River
(Yakutia)” as the lectotype. In the case of bungei the lo-
cality of the lectotype does not fully coincide with the
one designated as type locality in Vinogradov (1925).
However, according to the Article 73.2.3 “If a lectotype
is subsequently designated, the type locality is the place
of origin of the lectotype (Art. 76.2). “The choice for the
designation of the lectotype was in full accordance with
the Recommendation 74B of the Code: Preference for
illustrated specimens (“other things being equal, an au-
thor who designates a lectotype should give preference to
a syntype of which an illustration has been published”).
The only skull of the series that was intact and therefore
chosen for illustration was the specimen from Moustakh,
the island that is eastward of the Lena delta (Fig. 1,
pt. 17). Thus, Baranova and Gromov (2003) strictly fol-
lowed the recommendation of the Code. The taxonomic
identity of the lectotype is unambiguously evident from
the sequenced cytb fragment which is deposited in the
GenBank database (accession No MN542670) and ap-
plies to the eastern lineage of L. sibiricus. However, the



BIOLOGICAL COMMUNICATIONS, vol. 67, issue 4, October-December, 2022 | https://doi.org/10.21638/spbu03.2022.408 345

rest of the series, properly paralectotypes, from Sagas-
tyr Island and Khara-Ulakh range clearly fall within the
western lineage of the L. sibiricus.

Our results thus clarify the application of the name
bungei in the contact zone of two mitochondrial lin-
eages (sibiricus west and sibiricus east) which are clas-
sified either as a distinct species (Fredga, Fedorov, Jar-
rell and Jonson, 1999) or as subspecies (Pardifias et al.,
2017). We want to underline here that we do not imply
that mitochondrial lineage is equal to taxon of any rank.
For correct decisions on the number and rank of taxa,
first of all, the robust phylogeny is required. No doubt
that this goal may be achieved only when using both
mitochondrial and nuclear data. The best results in this
case, in our viewpoint, may be achieved using modern
NGS data. Until now for the genus Lemmus only data
from mitochondrial cytb are available, and, as we men-
tioned above, the discordance between mitochondrial
and nuclear trees is a very common case. In our opinion
the name “bungei” has little chance to ever become valid,
though such attempts have been made (Fredga, Fedorov,
Jarrell and Jonson, 1999). However, already now it is
necessary to have clear attribution of diagnostic features
of the type specimens that were ever described for a cor-
rect compilation of synonymy list and for any further
discussion of nomenclature issues that may arise. Thus,
leaving aside the issue of species recognition within the
Palearctic Lemmus and focusing exclusively on the no-
menclature issue, the name for eastern mitochondrial
lineage if it ever coincides with proper taxonomic de-
lineation would be bungei Vinogradov, 1925. Follow-
ing this logic, if ever in the further studies it would be
conclusively shown that this mitochondrial lineage may
become a valid taxon of any rank, then names “novosi-
biricus”, “ognevi’, “portenkoi” will become younger syn-
onyms of “bungei’.

Distribution and taxonomy of true lemmings
from the Kolyma basin

Morphological and cytogenetic characteristics of lem-
mings inhabiting the Omolon basin, southern territories
of the Magadan area, southern Yakutia and Kamchatka
allowed referring all these populations to Amur lem-
ming (Chernyavsky et al., 1980; 1993). However, geno-
typing of specimens from all these populations showed
that the distribution range of L. amurensis is confined to
Transbaikal region (where it highly likely got extinct),
Amur region and South Yakutia (Abramson and Petrova,
2018), whereas all populations from the regions north of
South Yakutia actually should be assigned to east mito-
chondrial lineage of L. sibiricus. At the same time, it was
shown that at the western coast of Kamchatka Peninsula
and in Gizhiga Bay, of the Magadan area (Abramson,
Dokuchaev and Petrova, 2018; Abramson and Petrova,

2018) L.trimucronatus (Fig. 1) was recorded. Thus, in
the Omolon basin one can expect the presence of either
L.sibiricus of eastern lineage or L.trimucronatus. The
data presented here unambiguously show that the basin
of Omolon is populated by L. sibiricus of eastern lineage
(Fig. 1). In the upstream of Kolyma, Omolon and Yana
rivers remained only isolated populations of L. sibiricus
and it is easternmost records of its distribution in the
mainland part of the range.

Disputable issues of Lemmus taxonomy and
nomenclature

As — mentioned earlier, the main goal of our study
was to perform using DNA diagnostic an identification
of specimens from type series and remote and poorly
studied area of northeast Siberia where distribution of
particular species is questionable. We have already un-
derlined that it is impossible to retrieve robust phylog-
eny and consequently build a solid classification having
only mitochondrial data. It is the main reason why we
retain the “old” conventional taxonomy and consider
any changes in Lemmus classification at this step of
knowledge to be hasty. For the same reason, we first
wanted to avoid a broad discussion on Lemmus system-
atics. At the same time, in several last publications sig-
nificant amendments to Lemmus taxonomy (Krystufek
and Shenbrot, 2022; Spitsyn et al.,, 2021) were made
proceeding only from results of new and published
mitochondrial cytb trees. These amendments, among
others, included introduction of new taxa both of spe-
cies (L. nigripes True, 1894) and subspecies (L. lemmus
chernovi Spitsyn et al., 2021; L. . kamchaticus Krystufek
and Shenbrot, 2022) rank and could not be ignored. Be-
low we shortly want to comment on these changes and
substantiate our vision in favor of conventional Lemmus
taxonomy.

As to the decision to unite all lemmings from Fen-
noskandia up to the left bank of the Kolyma River, Arc-
tic islands, Kolyma Highlands, Amur area, Transbaikal
and south Yakutia (i.e. L. lemmus, L. sibiricus, L. amuren-
sis) in one species L. lemmus (Krystufek and Shenbrot,
2022; Lissovsky et al., 2019), our arguments against are
the following: highly isolated allopatric populations
often retain fertility and give offspring in laboratory
experiments. This fact alone does not prove their con-
specific, but only indicates their relatedness. L. lemmus
and L. sibiricus are highly isolated by the White Sea at
least since the end of the LGM, and currently no mix-
ing or gene flow is possible. These populations are very
easily diagnosable by DNA and morphology, and our
hypothesis is that further genomic studies may show a
deeper divergence and discordance with mitochondrial
data, as it was already shown for many taxa (Kutschera
et al., 2014; Shaw, 2002; Toews and Brelsford, 2012). For
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the same reason, we consider the description of a new
taxon L.[. chernovi to be preliminary, though the find-
ing is very interesting for the understanding of Lemmus
biogeographic history. Following the logic, we need to
rename all bank voles (Clethrionomys glareolus) inhab-
iting north Karelia and northern Finland, Sweden and
partly Urals as red vole (Cl. rutilus), as they all have the
introgressed mitochondrial “rutilus” lineage (Abramson
et al., 2009; Deffontaine et al., 2005). Moreover, we need
to rename Ursus maritimus and consider it as a synonym
of Ursus arctos, overweighting the feature of common
mitochondrial haplotypes over morphological, behav-
ioral, physiological and ecological features which un-
doubtedly have genetic basis (Korsten et al., 2009). The
interspecies hybridization in mammals with the follow-
ing complete introgression of mitochondrial genome is
a very common case, and it is another reason why ad-
ditional nuclear data for correct phylogeny is necessary.

As related to the deep mitochondrial split at the
Lena River mouth, we observe quite an opposite situ-
ation. There are no current geographical barriers, lem-
ming populations from both riverbanks, having a very
large radius of activity, most likely interbreed, and con-
stant gene flow exists nowadays. Large genetic distance
in mitochondrial markers serves first of all as evidence
for events of range fragmentation in the past but not
necessarily for speciation events, as further recoloniza-
tion from refugiums may lead to the mixing of earlier
isolated populations, but due to uniparental heredity, the
deep divergence in mitochondrial genes will remain. In
case of the split along the Lena River, we have the conse-
quences of past fragmentation of lemming populations
by the Verkhoyanskiy Range as the borderline of Lem-
mus distribution in Pleistocene was shifted very far to
the south. We assume that further genomic studies will
either prove or discard this hypothesis, and thus it is pre-
liminary to make taxonomic divisions at this point.

L.amurensis is a very remote and isolated form,
evidently Pleistocene relict populations, very distinct
in color pattern. In addition, even the distance in mi-
tochondrial markers is not smaller than the split along
the Lena River. We assume that genomic studies here
will certainly reveal the distinct position of “amurensis”.
Noteworthy reminding that even in hybridological ex-
periments (Pokrovski, Kuznetsova and Cheprakov, 1984)
the hybrids showed reduced fertility. Summing up, we
think that until further studies that are in progress, it is
rational to keep the conventional taxonomy distinguish-
ing Palearctic species group “lemmus” with three species
lemmus, sibiricus and amurensis and Nearctic “trimucro-
natus”, with one species, that is as given in Abramson
and Lissovsky (2012), Pardinas et al. (2017).

The establishing of so called “subspecies groups”
(Krystufek and Shenbrot, 2022) does not have any logi-
cal or phylogenetically meaningful basement. The sub-

species is the smallest taxonomic category according to
the ICZN. When we unite very closely related or recently
diverged species into a group, there is some evolutionary
and phylogenetic sense. For instance, the “arvalis” spe-
cies group unites several related species undistinguish-
able morphologically but genetically highly diverged
and easily identified by karyotype or sequences. They
form distinct sister clades at the phylogenetic tree. But
what does a group of subspecies mean? Subspecies is
a further indivisible taxon, and a group of subspecies
may form only the species, but could not be united as
a group, as then the distinguishing of subspecies loses
any sense turning them into local races. The concept
of subspecies itself is in some crisis since phylogenetic
thinking (tree-thinking) penetrated within species lev-
el. The bases for subspecies recognition conventionally
were small morphological differences such as size or
color patterns between populations restricted to certain
geographical regions. No surprise that practically in ma-
jority of taxa subspecies boundaries did not coincide
with phylogenetic units at the intraspecies trees in the
course of phylogeographic studies. The translation of
a phylogenetic tree into a classification is a disputable
matter and the same tree may result in different number
of recognizable taxa and ranking. Moreover, the more
robust and detailed phylogeny we have, the more acute
is the issue of the insufficient number of taxonomic cat-
egories in Linnaean hierarchy for naming each of the
clade. Anyway, the classification suggested by Krystufek
and Shenbrot (2022) seems illogical in their treatment of
the mitochondrial tree given in Abramson and Petrova
(2018). For instance, there is no phylogenetic base for
distinguishing the new subspecies such as L. . kamchati-
cus. Genetically the lemmings from Uzon are very close
to lemmings from the Wrangel Island, morphologi-
cal similarity in dental features was also shown earlier
(Chernyavsky et al., 1993). They form one cluster and,
what is even more important, no branches within the so-
called L. sibiricus East clade are somehow supported in
any statistical analysis (ML or BI), and actually separate
terminal nodes are divided by minimal genetic distance,
what is even more visible at the net (Fig. 2B). All list-
ed subspecies under the subspecies group “amurensis”
differ only by overall dimensions. These differences in
size dimensions show cline variation obeying the Berg-
man rule: northern and island populations being larger,
southern smaller. Within this cluster, the holotype of L. s.
ognevi differs from the new subspecies from Kamchatka
by one-two substitutions (Fig. 2B), moreover, they are
very similar in size and color pattern. The restriction of
the range of the new subspecies only by the caldera of
Uzon volcano (Fig. 1, pt. 29) is quite absurd, whereas
tens km northeast (Fig. 1, pt. 28) the same lemming dif-
fering by one substitution was recorded. Therefore, it is
very incorrect to interpret the tree as: “In the molecular
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tree, ognevi holds a sister position to the clade of novo-
sibiricus + portenkoi + kamchaticus ssp” (Krystufek and
Shenbrot, 2022: 46), as these actually are false clades, as
was underlined above, having no support. In practice,
cited authors combine the old approach, distinguishing
subspecies on the basis of single highly variable charac-
teristic such as size and color shades with largely mis-
interpreted scarce molecular data. However, even if to
proceed from the mt tree alone, it is impossible to con-
sider equally ranked subspecies amurensis, novosibiricus,
portenkoi, and kamchaticus. We have two sister clades,
one “amurensis’ and the other clade unites all forms
described once under the names “novosibiricus, bungei,
portenkoi”. That means, if we want to infer any classifica-
tion from the given mt tree, these clades should be treat-
ed equally as species or subspecies and the earliest name
for the second clade is in this case “bungei”. Subspecies
is the lowest category and there is no sense to split it
further. Then, proceeding from the same logic, we have
several options to translate this mitochondrial tree to
taxonomy: a) if we recognize one species L. lemmus, we
may further have only two subspecies L. lemmus and
L. 1. amurensis corresponding to two sister clades which
should be in one rank (among available names for the
second clade “amurensis” is the earliest). In our opinion,
such classification corresponds less to the objective pat-
tern of biodiversity as it does not describe explicit sub-
divisions within these two clades/subspecies; b) we may
also recognize superspecies L. lemmus with four species:
L.lemmus, L.sibiricus, L.bungei and L.amurensis that
would be a better decision, but this taxonomy may ap-
pear to be true only in the case when the mitochondrial
tree and the species tree in further studies will coincide.
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