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Phylogeography of the Western Populations of Stylodipus telum (Rodentia, Dipodidae) based on 
Mitochondrial DNA. Rusin, M. — Th e phylogeographic analysis of Stylodipus telum was performed 
based on cytochrome b mitochondrial gene. Two westernmost subspecies, S. t. falzfeini and S .t. turovi, 
both formed independent monophyletic clades, but the genetic distance between them clearly indicates 
that neither should be treated as a separate species. Individuals from remote populations of S. t. falzfeini 
mix together and do not have a clear phylogeographic structure, which could indicate a recent panmixia 
within the subspecies. Populations in Kherson Region are under threat due to the ongoing Russian 
invasion.
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Introduction

Th ick-tailed three-toed jerboa Stylopidus telum (Lichtenstein, 1823) is one of the three species within 
the genus Stylodipus G. M. Allen, 1925 (Shenbrot et al., 1995). Th e range of S. telum is highly fragmented and 
consists of several isolates. Th e westernmost populations occupy a narrow strip within the Lower Dnipro Sands 
in Kherson Region, Ukraine. Th is region is inhabited by the largest subspecies S. telum falzfeini (Brauner, 1913). 
Th e second subspecies — S. telum turovi (Heptner, 1934) — lives in Ciscaucasia at the interfl uve of the Don 
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and Volga rivers. One isolate of this taxon is found west of the Don River in Tsimla Sands (Rostov Region, 
Russia) and at least two isolates are known from the east of the Volga River near the towns of Astrakhan and 
Kamyshyn (Shenbrot et al., 1995). Th e nominative subspecies S. telum telum (Lichtenstein, 1823) occupies 
vast areas in Kazakhstan east of the Ural River (with small isolate in the Volga–Ural interfl uve) up to the 
Irtysh River (Shenbrot et al., 1995). Th ree more subspecies are represented by the isolated populations: S. telum 
amankaragai (Selevin, 1934) in Naurzum (Northern Kazakhstan), S. telum birulae (Vinogradov, 1937) in 
Zaisan depression (Eastern Kazakhstan) and fi nally S. telum nastjukovi Shenbrot, 1991 is known from the 
desert of Kyzylkumy south of the Balkhash Lake (South-Eastern Kazakhstan). Two other species in the genus 
are S. sungorus (Sokolov and Shenbrot, 1987) from Dzungaria (China) and S. andrewsi G. Allen, 1925 from 
Mongolia (Shenbrot et al., 1995).

Stylodipus telum is found in a wide range of habitats. Both western subspecies are strongly associated with 
sandy steppes (Lower Dnipro Sands, Tsimla Sands etc.), whereas the eastern populations inhabit various types 
of deserts and semi-deserts (Shenbrot et al., 1995). Previous genetic studies of Stylodipus primarily focused 
on identifi cation of the position of the genus within the superfamily Dipodoinae, but lacked a more detailed 
resolution at the species/subspecies level (Lebedev et al., 2013; Pisano et al., 2015). Here I present the fi rst study 
of intraspecifi c variation of S. telum with a focus on the two western subspecies.
 
Methods

Eight new samples were collected for phylogeographic assessment of Stylodipus telum (table 1). Four 
samples originated from Solonoozernyi department of the Black Sea Reserve and two more samples from the 
Sagi Zakaznik close to the town of Oleshki. I was also able to obtain two samples of S. telum turovi from Tsimla 
Sands isolate on the western side of the Don River (fi g. 1). I was searching for S. telum turovi in the main part 
of its range, including the type locality (town of Remontnoye in Rostov Region), but failed to fi nd any extant 
population there. Th e only other sample available so far is a previously published sequence from the individual 
from Kalmykia (Achinery) (Lebedev et al., 2013; Pisano et al., 2015). Th at individual was captured in 2003, 
whereas during my fi eld survey in 2016 I did not fi nd any S. telum in Achinery.

Live trapping of S. telum was possible using the Tomahawk 201 live trap (Wisconsin, USA).
DNA isolation was performed following standard protocols in commercially available kits. For cytochrome 

b (cytb) mitochondrial gene, a standard set of primers (L7/H6) was used (Montgelard et al., 2002). Sequences 
were aligned manually in BioEdit (Hall, 1999).

All new sequences obtained in this study were deposited in the NCBI GenBank with accession numbers 
OP882098-OP882105.

I used Maximum Likelihood (ML) and Bayesian Inference (BI) methods for phylogenetic analysis. 
Substitution model was chosen in MEGA 11 (Stecher et al., 2020) using all available sites. Th e HKY+G model 

Fig. 1. Sampling localities of S. telum used in the study. White — range of S. telum falzfeini (original unpublished 
data) and green — range of S. telum turovi (Shenbrot et al., 1995).
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T a b l e  1 .  Individual sampling data used in the study

Species/subspecies Sample ID Sampling data GenBank Acc.N
S. telum falzfeini RX1 Ukraine, Kherson Region, Oleshki, Sagi, N46.6078 

E32.84181, 2017-05-17, col. M. Rusin & M. Ghazali. 
Th is study

OP882102

— RX2 Ukraine, Kherson Region, Hola Prystan, Solo-
noozernyi, N46.4576 E31.9948, 2017-05-22, col. N. 
Nedyalkov & M. Rusin. Th is study

OP882103

— RX3 Ukraine, Kherson Region, Oleshki, Sagi, N46.6079 
E32.84181, 2017-05-17, col. M. Rusin & M. Ghazali. 
Th is study

OP882104

— RX4 Ukraine, Kherson Region, Hola Prystan, Solonooz-
ernyi, N46.4550 E32.0118, 2017-07-24, col. M. Rusin 
& M. Ghazali. Th is study

OP882105

— X2 Ukraine, Kherson Region, Hola Prystan, Solonooz-
ernyi, N46.4533 E32.0234, 2016-04-20, col. M. Rusin 
& V. Busel. Th is study

OP882100

— X3 Ukraine, Kherson Region, Hola Prystan, Solonooz-
ernyi, N46.4526 E32.0210, 2016-04-20, col. M. Rusin 
& V. Busel. Th is study

OP882101

S. telum turovi X1 Russia, Volgograd Region, Tsimla Sands, N48.0208 
E42.4121, 2016-05-10, col. M. Rusin & N. Nedy-
alkov. Th is study

OP882098

— S202221 Russia, Volgograd Region, Tsimla Sands, N48.0205 
E42.4246, 2019-07-28, col. A. Tikhonov & V. Sin-
yavskaya. Th is study

OP882099

 — Russia, Kalmykia, Chernye Zemli, col. L. Savinets-
kaya. Lebedev et al., 2013; Pisano et al., 2015

KM397197

S. telum telum Kazakhstan, Kostanay province, Amangeldy Dis-
trict, near Urpek, N50.1 E65.3. Shenbrot et al., 2017

MF076855

S. sungorus Pisano et al., 2015 KM397199

S. telum (sungorus)* China. Cheng et al., 2021 MN979747

S. telum (sungorus)* Luo et al., 2016 NC027692

S. andrewsi China. Cheng et al., 2021 MN979746

*Originally attributed to S. telum, but reidentifi ed as S. sungorus, see Discussion section.

had the lowest BIC score. ML has been run in MEGA11 with 1000 bootstrap pseudoreplications. BI was 
analyzed using MrBayes 3.2.7 (Ronquist & Huelsenbeck, 2003) on CIPRES Science Gateway (Miller et al., 2010) 
with the following set of parameters: 2 runs with 5 million generations each, sampling every 2000, burn in 
rate set at 250 trees for each run. Trees were checked for congruency in Tracer 1.7 (Rambaut et al., 2018) and 
then manually combined. Kimura two-parameter distance (K2p) between operation taxonomic units (OTUs) 
calculated in MEGA 11 (Tamura et al., 2021). Trees visualized in FigTree 1.4.4 (Rambaut, 2018) using midpoint 
root.

Results

In total, 14 sequences were used in the final analyzes: eight obtained in this study and 
six downloaded from the GenBank. The length of each sequence varied between 997 and 
1140 bp. The nucleotide composition within S. telum was: T = 28 %, C = 31 %, A = 27 %, 
G = 14 %. 39 positions were variable, out of which 16 were parsimony-informative.
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Both ML and BI analyzes resulted in similar topologies (fig. 2).
The most remote species in the genus, S. andrewsi, had a pronounced distance from 

all other OTUs in the genus of 14–15 % (table 2). The other currently recognized species, 
S. sungorus, barely meets the accepted species threshold for cytb in Rodentia (Baker & 
Bradley, 2006). The distances between the subspecies of S. telum were at least 3 times 
smaller compared to those between S. telum and S. sungorus and at least 14 times smaller 
compated to that between S. andrewsi and the rest of the taxa.

Discussion

The two subspecies S. telum falzfeini from the Lower Dnipro Sands and S. telum turovi 
from Tsimla Sands form a separate phylogroup each, yet the K2p distance between them is 
not high (app. 1.1 %). The individual from Kalmykia (KM397197), although belonging to 
S. telum turovi, grouped with S. telum falzfeini, but this association was weak and did not 
reach the significance level neither in ML, nor in BI phylogenetic reconstruction.

T a b l e  2 .  Population K2p distances of the Stylodipus OTUs. Bold font: intraspecifi c, regular font: 
interspecifi c distances

falzfeini turovi telum sungorus andrewsi

falzfeini 0.005

turovi 0.0114 0.0054

telum 0.0195 0.0179 n/a

sungorus 0.0488 0.0487 0.0487 0.0046

andrewsi 0.1470 0.1438 0.1508 0.1478 n/a

Note . n/a — the intraspecifi c distance could not be computed since only a single specimen was analyzed 
in the OTU.

Fig. 2. Phylogeographic reconstruction of S. telum based on cytb. BI posterior probability / ML bootstrap 
support per 1000 replications is indicated at the nodes (only values over 70 % are shown). Photo: S. telum 
falzfeini from Sagi (Oleshki District) by M. Rusin, 2017-05-17.
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Mitochondrial data supports the integrity of all three analyzed subspecies (S. t. turovi, 
S. t. falzfeini and nominative S. t. telum from Kazakhstan) into one species.

The Chinese specimens, originally published as S. telum, most likely represent 
S. sungorus (see fig. 2).

Using the available sampling and only a single mitochondrial marker, I could not 
detect any sound phylogeographic structure within S. t. falzfeini. I was able to sample only 
two populations — one originating from Solonoozernyi department of Black Sea Reserve, 
and the other from Sagi Zakaznik near the town of Oleshki. The distance between these 
two populations is app. 70 km. Surprisingly, two samples from Sagi locality did not form a 
sister pair, instead they shared many similarities with different animals from Solonoozernyi 
population.

Stylodipus telum is a protected species in Ukraine, but on a global level it is currently 
listed as Least Concern according to IUCN classification (Cassola, 2017). Stylodipus 
telum turovi is likely experiencing a population decline and has been recently included 
as the protected species into the Red Book of Rostov Region. Populations in Kalmykia 
also experienced a decline, but more detailed studies should be done there to map actual 
distribution of S. telum and draw evidence-based conclusions.

In Ukraine and Western Russia there is a significant population fragmentation as a 
result of massive destruction of habitats, with the most significant threats being the artificial 
forestation, development of settlements and the road network.

Moreover, the entire range of S. t. falzfeini was occupied by the Russian military in 
February 2022. Uncontrollable wild fires spread in those areas, which may potentially 
harm the jerboa populations. After the withdrawal from Kherson city in November 2022, 
the Russian military began to construct extensive ‘defense lines’, such as trenches and 
fortifications. At the time of writing this article, the exact configuration of defense lines 
remains unknown, but it is possible, that they will run across the Black Sea Reserve, Sagi 
Zakaznik and Oleshki Sands National Park — all of which are important localities for 
jerboas. Before the above areas are liberated, intensive fighting is likely to happen, drawing 
the small isolated populations towards the risk of extinction.

Acknowledgements

 The study has been done as a part of my grant 20669-2, funded by the Rufford Small Grants 
Foundation. I would like to express my sincere gratitude to all colleagues who helped to obtain samples: 
Maria Ghazali, Aleksey Tiknonov, Valentina Sinyavskaya, Viktor Busel, Nedko Nedyalkov, as well as 
Vladimir Lebedev and Anna Bannikova for cooperation, and to Alexey Yanchukov for proofreading 
and useful comments to the manuscript. Special acknowledgements to the Ukrainian Air Defenses for 
defending the Ukrainian sky.

References

Baker, R. J. & Bradley, R. D. 2006. Speciation in mammals and the genetic species concept. Journal of mammal-
ogy, 87 (4), 643–662.

Cassola, F. 2017. Stylodipus telum. Th e IUCN Red List of Th reatened Species : e.T21103A22200078. https://
dx.doi.org/10.2305/IUCN.UK.2017-2.RLTS.T21103A22200078. en.  Accessed on  15 December 
2022.

Hall, T. A. 1999. BioEdit: a user-friendly biological sequence alignment editor and analysis program for Win-
dows 95/98/NT. Nucl. Acid. S., 41, 95–98.

Cheng, J., Xia, L., Feijó, A., Shenbrot, G., Wen, Z., Ge, D., Lu, L. & Yang, Q. 2021. Phylogeny, taxonomic re-
assessment and ‘ecomorph’ relationship of the Orientallactaga sibirica complex (Rodentia: Dipodidae: 
Allactaginae). Zoological Journal of the Linnean Society, 192 (1), 185–205. https://doi.org/10.1093/zoolin-
nean/zlaa102



18 M. Rusin

Lebedev, V. S., Bannikova, A. A., Pisano, J., Michaux, J. R. & Shenbrot, G. I. 2013. Molecular phylog-
eny and systematics of Dipodoidea: a test of morphology — based hypotheses. Zool. Scr., 42 (3), 
231–249.

Luo, G., Ding, L. & Liao, J. 2016. Th e complete mitochondrial genome of Stylodipus telum (Rodentia: Dipodi-
dae) and its phylogenetic analysis. Mitochondrial DNA, 27 (4), 2568–2569.  doi:10.3109/19401736.2015.
1038807 

Miller, M. A., Pfeiff er, W. & Schwartz, T. 2010. Creating the CIPRES Science Gateway for inference of large 
phylogenetic trees. Gateway Computing Environments Workshop (GCE) 1, 1–8.

Montgelard, C., Bentz, S., Tirard, C., Verneau, O. & Catzefl is, F. M. 2002. Molecular Systematics of Sciurognathi 
(Rodentia): Th e Mitochondrial Cytochrome b and 12S rRNA Genes Supportthe Anomaluroidea 
(Pedetidae and Anomaluridae). Mol. Phylogen. Evol., 22, 220–233.

Pisano, J., Condamine, F. L., Lebedev, V., Bannikova, A., Quéré, J. P., Shenbrot, G. I. & Michaux, J. R. 2015. Out 
of Himalaya: the impact of past Asian environmental changes on the evolutionary and biogeographical 
history of Dipodoidea (Rodentia). J. Biogeogr., 42 (5), 856–870.

Rambaut, A. 2018. FigTree v.1.4.4. http://tree.bio.ed.ac.uk/soft ware/fi gtree/
Rambaut, A., Drummond, A. J., Xie, D., Baele, G. & Suchard, M. A. 2018. Posterior summarisation in 

Bayesian phylogenetics using Tracer 1.7. Systematic Biology, 67 (5), 901–904. doi:10.1093/sysbio/
syy032

Ronquist, F. & Huelsenbeck, J. P. 2003. MRBAYES 3: Bayesian phylogenetic inference under mixed models. 
Bioinformatics, 19, 1572–1574.

Shenbrot, G. I., Sokolov, V. E., Geptner, V. G. & Kovalskaya, Yu. M. 1995. Mammals of Russia and adjacent 
regions. Dipodoidae. Nauka, Moscow, Russia, 1–576 [In Russian].

Shenbrot, G., Bannikova, A., Giraudoux, P., Quéré, J. P., Raoul, F. & Lebedev, V. 2017. A new recent genus 
and species of three-toed jerboas (Rodentia: Dipodinae) from China: A living fossil? Journal of Zoological 
Systematics and Evolutionary Research, 55 (4), 356–368.

Stecher, G., Tamura, K. & Kumar, S. 2020. Molecular Evolutionary Genetics Analysis (MEGA) for macOS. Mo-
lecular Biology and Evolution, 37, 1237–1239.

Tamura, K., Stecher, G. & Kumar, S. 2021. MEGA 11: Molecular Evolutionary Genetics Analysis version 11. 
Molecular Biology and Evolution, 38, 3022–3027.

Received 19 December 2022
Accepted 20 Feebruary 2023


