COBPEMEHHAA I'EPIIETOJIOI'MA. 2025. T. 25, Bein. 1/2. C. 53 - 78

Current Studies in Herpetology, 2025, vol. 25, iss. 1-2, pp. 5378

https://sg.sgu.ru

Filling gaps in the taxonomy of the Phrynocephalus helioscopus species complex
(Reptilia, Squamata, Agamidae) with description of two new subspecies

E. N. Solovyeva ', E. A. Dunayev ', R. A. Nazarov ',

T. V. Abduraupov °, N. A. Poyarkov ’

' Zoological Museum of Lomonosov Moscow State University

2 Bol. Nikitskaya St., Moscow 125009, Russia

? Institute of Zoology, Uzbekistan Academy of Sciences
232b Bagishamol St., Tashkent 100053, Republic of Uzbekistan

Article info

Original Article
https://doi.org/10.18500/1814-6090-
2025-25-1-2-53-78

EDN: VIZVHF

Received August 14, 2024,
revised October22,2024,
accepted November 6, 2024

This is an open access article distribu-
tedunder the terms of Creative Com-
mons Attribution 4.0 International License
(CC-BY 4.0)

? Lomonosov Moscow State University

12 bld., 1, Leninskiye Gory, Moscow 119234, Russia

Abstract: Phrynocephalus helioscopus species complex have been thoroughly studied during
recent years, but several lineages remained unassigned. Based on the morphological differences
and divergence in COI (mtDNA) gene sequences, two new subspecies are described in the
present article within the Phrynocephalus helioscopus species complex: Ph. helioscopus
karatauensis ssp. nov. from the environs of Karatau Ridge in Kazakhstan and Ph. saidalievi
orlovae ssp. nov. from the right bank of the Amu-Darya river in Fergana valley in Uzbekistan.
The two new subspecies can be distinguished from other members of the species complex by a
combination of several morphological features.
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INTRODUCTION

Members of the Phrynocephalus helioscopus
species complex inhabit vast territory from Iran and
Armenia in the west to western Mongolia in the east.
Until recently, only two species were recognized
within this complex, Ph. helioscopus (Pallas, 1771) and
Ph. persicus De Filippi, 1863 (Barabanov, Ananjeva,
2007). But once the wave of usage of molecular
phylogenetic methods started, many subspecies were
described within both species (Solovyeva et al., 2011,
2012; Melnikov et al., 2013), with some of them later
raised to full species status (Macey et al., 2018; So-
lovyeva et al., 2023). The latest assessment of Phry-
nocephalus diversity by Solovyeva et al. (2023)

recognized up to 16 species-level units within the
Ph. helioscopus species complex. Overall, the mem-
bers of the Ph. helioscopus species complex are classi-
fied within the subgenus Helioscopus (Solovyeva et
al.,2018).

Several lineages within the Ph. helioscopus spe-
cies complex remain without taxonomic assignment.
One of them includes populations of Ph. cf. heliosco-
pus from the Karatau Ridge in southern Kazakhstan
and was first reported by Solovyeva et al. (2011). In
the study of Solovyeva et al. (2011), this lineage was
represented by two sequences (JF769382 and
JF769389) of the fragment of the cytochrome oxidase
subunit I (COI) gene of mitochondrial DNA (hereaf-
ter, mtDNA), which formed a clade clearly distant
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from all the remaining lineages (with p-distances
above 5.0%). The specimens from which these se-
quences were obtained included ZMMU R-12662 (from
Kazakhstan, Zhambyl Province, outskirts of Suzak
settlement; N44.133, E68.467) and ZMMU R-12165
(Kazakhstan, Zhambyl Province, surroundings of La-
ke Kyzylkol; N43.784, E69.553). According to the re-
sults of Solovyeva et al. (2011, 2023) these samples
with moderate support were suggested as a sister
lineage to Ph. helioscopus cameranoi Bedriaga, 1907,
which inhabits the Ily River Valley in eastern Kazakh-
stan, ca. 900 km eastwards from the Karatau Ridge,
and is geographically isolated from the other Ph. he-
lioscopus subspecies. Meanwhile, the range extent of
the geographically most closely distributed subspe-
cies, Ph. h. varius Echiwald, 1931, which occurs in
eastern Kazakhstan, remains unclear. Therefore, in the
present paper we pay special attention to the
morphological characteristics differing the Karatau
Ridge population from Ph. cameranoi and Ph. varius.
In 2018, Macey et al. (2018), based on mtDNA
and nuclear DNA (hereafter, nuDNA) sequences, sug-
gested that the subspecies Ph. helioscopus turcoma-
nus Dunayev, Solovyeva & Poyarkov, 2012 should be
regarded as a full species Ph. turcomanus. The subse-
quent analyses of the COI barcoding region in Phry-
nocephalus by Solovyeva et al. (2023) supported the
differentiation of the Karatau Ridge lineage and also
demonstrated deep differentiation within Ph. saidalievi
Sattorov, 1981 populations, inhabiting the Fergana
Valley in western Uzbekistan. Specimens from the left
and right banks of the Syrdarya River within the Fer-
gana valley clustered in two reciprocally monophy-
letic lineages, demonstrating the need for additional
studies of these populations. Solovyeva et al. (2023)
suggested that deep genetic divergence within the
Ph. helioscopus species complex might indicate the
full species status of several geographically circumscri-
bed lineages that were previously regarded as subspe-
cies (Solovyevaetal., 2012). Overall, Solovyeva etal.
(2023) proposed the updated taxonomy for the
Ph. helioscopus complex, which included the follo-
wing species: Ph. helioscopus s. str., Ph. varius, Ph. tur-
comanus, Ph. cameranoi, Ph. sergeevi Dunayev, So-
lovyeva & Poyarkov, 2012, Ph. saidalievi, and Ph. me-
ridionalis Dunayev, Solovyeva & Poyarkov, 2012. Fur-
thermore, three lineages Phrynocephalus spp. 57 wi-
thin the complex were identified as putative candidate
new taxa, including the lineages Phrynocephalus sp. 6
from Karatau Ridge, and Phrynocephalus sp. 7 from
the left bank of the Syrdarya River. Further examina-
tion of the localities studied by Solovyevaetal. (2023)
and the type specimens and the original description of
Ph. saidalievi from “Tajikistan, Kanibadam” by T. Sat-
torov (1981) led us to the conclusion that, on the cont-
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rary, the specimens from the left bank of the Syrdarya
River represent the true Ph. saidalievi, while the spe-
cimens from the right bank represent a currently
undescribed lineage.

Recently, Wu et al. (2023) examined phyloge-
netic relationships within the Ph. helioscopus species
complex based on examination of COI and ND2
mtDNA genes and genome-wide SNP-analyses. The
authors supported the recognition of Ph. meridionalis
and Ph. saidalievi as full species following the unified
species concept (De Queiroz, 2008). At the same time,
Wu et al. (2023) argued that the subspecies level is
more appropriate for the other studied taxa (i.e., they
recognized Ph. helioscopus varius, Ph. helioscopus he-
lioscopus, Ph. helioscopus cameranoi, Ph. heliosco-
pus sergeevi, and Ph. helioscopus turcomanus).
Though there is an ongoing debate on usage of the
subspecies category in taxonomy, and in herpetology
in particular (e.g., Dufresnes et al., 2023), we gene-
rally agree with Wu et al. (2023) that recognizing
subspecies might be a good solution for the fine-scale
assessment of diversity in Central Asian lizards,
including the members of the Ph. helioscopus species
complex. [tis important that Wu et al. (2023) analyzed
one specimen of the Karatau Ridge population, and
their analyses consistently supported it as a unique
lineage clearly distinct from all other members of the
Ph. helioscopus species complex. Therefore, Wu et al.
(2023) concluded that there might be a cryptic species
ofthe Ph. helioscopus complex in Karatau Ridge, thus
repeating our earlier conclusions (Solovyeva et al.,
2011, 2023). Moreover, the tree of Wu et al. (2023)
strongly supported the Karatau Ridge lineage as a
sister taxon of Ph. helioscopus cameranoi from the Ily
River Valley.

In the present study, we follow the taxonomy
proposed by Wu et al. (2023), as it was based on more
integrative and extensive data than the single-locus
analysis by Solovyeva et al. (2023). We analyze mor-
phological and molecular differentiation of the Kara-
tau Ridge population of Ph. helioscopus (lineage
Phrynocephalus sp. 6 of Solovyevaatal.,2023) and the
right bank population of Ph. saidalievi from the Fer-
gana valley, and describe them as two new subspecies
oftheir respective (paternal) species.

MATERIAL AND METHODS

Sampling. Tissue samples were taken from
eleven Ph. helioscopus specimens from Karatau Rid-
ge stored in the herpetological collection of the Zoo-
logical Museum of Lomonosov Moscow State Uni-
versity (ZMMU). 74 COI sequences of other repre-
sentatives of Ph. helioscopus complex, including the
sequences of specimens of Ph. saidalievi from the
right and left banks of the Syrdarya River and one
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additional sequence of Ph. helioscopus
from Karatau Ridge, were retrieved from
GenBank (they originate from our pre-
vious works, i.e., Solovyeva et al. 2011,
2023). The geographic distribution of sam-
ples is shown in Fig. 1. Details on mu-
seum IDs and localities of origin for each
sample are summarized in Table 1.

Within the frameworks of the coo-
peration agreement with the Institute of
Zoology Republic of Kazakhstan (IZ RK,
Kazakhstan, Almaty), six specimens from
environs of Karatau Ridge were obtained, Fig, 1. Geographic location of samples used in the molecular analysis.
collected in accordance with permit Colorsofsymbols correspond to those in Fig. 3

L Sed, i
== @ Ph. h. cameranoi O Ph. h. varius

= i @ Ph. h, helioscopus © Ph. h. karatauensis ssp. nov.

| @ Ph. meridionalis @ Ph. s. saidalievi

@ ph. h. sergeevi @ Ph. 5. orlovae ssp. nov.

| O Ph. h. turc MW Ph. j Ph. horvathi, Ph. persicus

Table 1. List of specimens used in molecular analysis

Subspecies Voucher No. Locality N E |GenBank No. Source
1 2 3 4 5 6 7
Ph. anajevae HCZ-1 Iran, Fars, Abadeh settl. env. 31.129(52.203| JF756687 |Solovyeva et
al., 2011
Ph. anajevae HCZ-2 Iran, Fars, Abadeh settl. env. 31.129(52.203| JF756686 |Solovyeva et
al., 2011
Ph. h. cameranoi ZMMU R-12669-1 Kazakhstan, Sugata Valley 43.45 | 78.9 | JF756681 |Solovyeva et
al., 2011
Ph. h. cameranoi ZMMU R-12661 Kazakhstan, SE Sugata Valley 43.45| 78.9 | JF756679 |Solovyeva et
al., 2011
Ph. h. cameranoi ZMMU R-12668 Kazakhstan, Alma-Ata, 43.733|79.467| JF769379 |Solovyeva et
Ili Depression, 3 km S from al., 2011
Tashkarasu settl.
Ph. h. cameranoi ZMMU R-12665 Kazakhstan, Taldy-Kurgan, 44.217| 80.25 | JF769380 |Solovyeva et
Tli Depression, sands on the right side al., 2011
of Zharkent — Khorgos Rd.
Ph. h. cameranoi ZMMU R-12808 Kazakhstan, Alma-Ata, 43.75(79.217| JF769372 |Solovyeva et
Ili Depression, Ulgen-Bogety Mts., al., 2011
Charyn-Borandysu Rd.
Ph. h. cameranoi ZMMU R-12664 Kazakhstan, Alma-Ata, 43.6 |79.317| JF769381 |Solovyeva et
Ili Depression, Charyn River along al., 2011
of Kokpek Chundzha rout
Ph. h. cameranoi ZMMU R-12812 Kazakhstan, Taldy-Kurgan, 44.083|79.467| JF769378 |Solovyeva et
1li Depression, Ili Riv., al., 2011
10 km E from Aktau settl.
Ph. h. cameranoi ZMMU R-12663 Kazakhstan, N Sugata Valley 43.51 | 79.4 | JF756680 |Solovyeva et
al., 2011
Ph. h. cameranoi ZMMU R-12669-2 Kazakhstan, Sugata Valley 43.45 | 78.9 | JF756682 |Solovyeva et
al., 2011
Ph. h. cameranoi ZMMU R-12782 Kazakhstan, Taldy-Kurgan, right |43.883| 77.7 | MK461350 |Solovyeva et
board of Kapchagay reservoir al., 2023
Ph. h. helioscopus ZMMU R-12158 Kazakhstan, Aktyubinsk, Aral, 46.18 | 58.4 | JF769405 |Solovyeva et
Bolshiye Barsuki, Yuzhnoye vill. al., 2011
Ph. h. helioscopus ZMMU R-12160-2 Kazakhstan, Aktyubinsk, Aral, 46.77 | 60.5 | JF769403 |Solovyeva et
Akespe settl. al., 2011
Ph. h. helioscopus ZMMU R-13240-2 Kazakhstan, Aralsk town env. 46.794|62.133| JF769364 |Solovyeva et
al., 2011
Ph. h. helioscopus ZMMU R-13241 | Kazakhstan, Aralsk — Kamyshlybash [46.228|61.367| JF769363 |Solovyeva et
road al., 2011
Ph. h. helioscopus ZMMU R-13242-2 Kazakhstan, Aralsk town 46.8 |61.667| JF769370 |Solovyeva et
al., 2011
Ph. h. helioscopus ZMMU R-13242-1 Kazakhstan, Aralsk town 46.8 [61.667| JF769371 |Solovyeva et
al., 2011
Ph. h. helioscopus ZMMU R-12519 Kazakhstan, Barsa-Kelmes island | 45.7 [59.867| JF756684 |Solovyeva et
al., 2011
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Table 1. Continuation

1 2 3 4 5 6 7

Ph. h. helioscopus ZMMU R-12151 Uzbekistan, Qoraqalpog'iston, 42.63 | 59.67 | JF769409 |Solovyeva et
Nukus, Bestube (Beshtube) settl. al., 2011

Ph. h. helioscopus ZMMU R-12155-2 Kazakhstan, Aktyubinsk, 45.58 | 57.27 | JF769408 |Solovyeva et
Northern Ust-Urt, Ozektyk settl. al., 2011

Ph. h. helioscopus ZMMU R-12153-1 Uzbekistan, Qoraqalpog’iston, 43.991|57.972| JF769411 |Solovyeva et
Kungrad, Road from Ust-Urt mt. al., 2011

Ph. h. helioscopus ZMMU R-12155-1 Kazakhstan, Aktyubinsk, 45.58 | 57.27 | JF769407 |Solovyeva et
Northern Ust-Urt, Ozektyk al., 2011

Ph. h. helioscopus ZMMU R-12157 Kazakhstan, Karaganda, Aktau, 4423 | 51.6 | JF769406 |Solovyeva et
58 km of Aktau — Fort Shevchenko Rd. al., 2011

Ph. h. helioscopus ZMMU R-12160-1 Kazakhstan, Aktyubinsk, Aral, 46.77 | 60.5 | JF769402 |Solovyeva et
Akespe settl. al., 2011

Ph. h. helioscopus ZMMU R-13240-1 Kazakhstan, Aralsk town env. 46.794|62.133| JF769365 |Solovyeva et
al., 2011

Ph. h. helioscopus IZIP Phh-003 Uzbekistan, Qoraqalpog'iston, 43.933|57.498| JF769413 |Solovyeva et
Zhaslyk settl. al., 2011

Ph. h. helioscopus 1Z1P 0829 Uzbekistan, Qoraqalpog iston, 43.259|58.691| JF769415 |Solovyeva et
Kungrad, N from Kungrad, al., 2011

near Ravshan

Ph. h. helioscopus ZMMU R-13242-3 Kazakhstan, Aralsk town 46.8 |61.667| JF769369 |Solovyeva et
al., 2011

Ph. h. helioscopus ZMMU R-12156 Kazakhstan, Aktyubinsk, 46.77 | 60.5 | JF769404 |Solovyeva et
Northern Aral, Akespe settl. al., 2011

Ph. h. helioscopus ZMMU R-12161-2 | Kazakhstan, Shymkent, Kyzyl-Kiya, | 41.64 | 69.36 | JF769400 |Solovyeva et
Kyzyl-Kiya settl. al.,, 2011

Ph. h. helioscopus ZMMU R-12150 Uzbekistan, Qoraqalpog'iston, 42.93 | 59.13 | JF769414 |Solovyeva et
Ravshan (Raushan) settl. al., 2011

Ph. h. helioscopus ZMMU R-13242-4 Kazakhstan, Aralsk town 46.8 |61.667| JF769368 |Solovyeva et
al., 2011

Ph. h. helioscopus ZMMU R-12161-1 | Kazakhstan, Shymkent, Kyzyl-Kiya, | 41.64 | 69.36 | JF769399 |Solovyeva et
Kyzyl-Kiya settl. al., 2011

Ph. h. helioscopus ZMMU R-12527 Kazakhstan, N Zhanakala settl. 50.217|73.817| JF756683 |Solovyeva et
al., 2011

Ph. h. helioscopus ZMMU R-13240-3 Kazakhstan, Aralsk env. 46.794|62.133| JF769366 |Solovyeva et
al., 2011

Ph. h. helioscopus ZMMU R-12152 Uzbekistan, Qoraqalpog'iston, 42.683| 58.55 | JF769412 |Solovyeva et
Kungrad, SW from Kungrad settl. al., 2011

Ph. h. helioscopus ZMMU R-12525 Kazakhstan, Mangistau, Kenderli | 42.9 [53.417| JF769387 |Solovyeva et
Kayassanskaya reserve zone al.,, 2011

Ph. h. helioscopus ZMMU R-12153-2 Uzbekistan, Qoraqalpog’iston, 43.991|57.972| JF769410 |Solovyeva et
Kungrad, Road from Ust-Urt mt. al., 2011

Ph. h. helioscopus ZMMU R-12813 Uzbekistan, Kzyl-Orda, Aral, 45.15| 59.3 | JF769388 |Solovyeva et
Vozrozhdeniya island al., 2011

Ph. h. helioscopus ZMMU R-12164 Kazakhstan, Aktyubinsk, Aral, 46.04 | 59.28 | JF769401 |Solovyeva et
Kulandy penninsula al., 2011

Ph. h. helioscopus ZMMU R-13242-5 Kazakhstan, Aralsk town 46.8 |61.667| JF769367 |Solovyeva et
al., 2011

Ph. h. helioscopus ZMMU R-12525-2 | Kazakhstan, Mangistau, Kenderli | 42.9 |53.417| KF691716 |Solovyeva et
Kayassanskaya reserve zone al., 2014

Ph. horvathi ZMMU R-13243-3 Armenia, near Gorovan vill. 39.917]44.733| GU657527 |Solovyeva et
al., 2011

Ph. horvathi TLT-200602 Armenia, Armavir 40.067| 44.05 | JF769418 |Solovyeva et
al., 2011

Ph. horvathi ZMMU R-13243-2 Armenia, near Gorovan vill. 39.917(44.733| GU657525 |Solovyeva et
al., 2011

Ph. horvathi ZMMU R-13243-1 Armenia, near Gorovan vill. 39.917(44.733| GU657526 |Solovyeva et
al., 2011

Ph. horvathi ZMMU R-13243-4 Armenia, near Gorovan vill. 39.917]44.733| GU657528 |Solovyeva et
al., 2011

Ph. horvathi TLT-200601 Armenia, Armavir town 40.067| 44.05 | JF769419 |Solovyeva et
al., 2011
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Table 1. Continuation
1 2 3 4 5 6 7
Ph. horvathi ZMMU R-12322-1| Armenia, Armavir (Oktemberyan), | 40.15 {44.033| JF769420 |Solovyeva et
1 km SE Khandzan al., 2011
Ph. horvathi ZMMU R-3843-1 Armenia, Ararat, Ararat, 39.933(44.717| JF769417 |Solovyeva et
Sands near Vedi settl. [vicinity al., 2011
of the type locality of horvathi]
Ph. horvathi ZMMU R-12322-2 | Armenia, Armavir (Oktemberyan) | 40.15 [44.033| KF691715 |Solovyeva et
settl., 1 km SE Khandzan vill. al., 2014
Ph. meridionalis ZMMU R-12803 Uzbekistan, Bukhara, 39.567| 64.7 | JF769376 |Solovyeva et
near Kagan town, Dzheyran farm al., 2011
Ph. meridionalis ZMMU R-12801-1 | Uzbekistan, Surkhandaria, N from |37.583]66.667| JF769377 |Solovyeva et
Aktash, in Pashchurt's direction al., 2011
[type locality of meridionalis]
Ph. persicus FH-10-4 Iran, Ardebil town env. 38.393]48.368| JF756689 |Solovyeva et
al., 2011
Ph. persicus FH 10 1, Iran, Markasi, Arak env. 34.24 | 49.75 | JF756688 |Solovyeva et
no. voucher al., 2011
Ph. persicus ZMMU R-12466 Azerbaijan, Naxcivan, 39.283(45.283| JF769421 |Solovyeva et
NW from Nachichevan city al., 2011
Ph. persicus ZMMU R-12786 Azerbaijan, Apsheron, 40.15 |49.467| JF769416 |Solovyeva et
near Sangachaly al., 2011
Ph. s. saidalievi ZMMU R-16885 Kyrgyzstan, Batkent region, 40.25 | 71.34 | OP970518 |Solovyeva et
(RAN-4431) Kadamjay dist., near Sovetskiy vill. al., 2023
Ph. s. saidalievi ZMMU R-16886 Kyrgyzstan, Batkent region, 40.25 | 71.34 | OP970519 |Solovyeva et
(RAN-4432) Kadamjay dist., near Sovetskiy vill. al., 2023
Ph. s. saidalievi ZMMU R-16887 Kyrgyzstan, Batkent region, 40.25 | 71.34 | OP970520 |Solovyeva et
(RAN-4433) Kadamjay dist., near Sovetskiy vill. al., 2023
Ph. s. saidalievi ZMMU R-16888 Kyrgyzstan, Batkent region, 40.25 | 71.34 | OP970521 |Solovyeva et
(RAN-4434) Kadamjay dist., near Sovetskiy vill. al., 2023
Ph. s. saidalievi ZMMU R-16889 Kyrgyzstan, Batkent region, 40.25 | 71.34 | OP970522 |Solovyeva et
(RAN-4435) Kadamjay dist., near Sovetskiy vill. al., 2023
Ph. h. sergeevi ZMMU R-12286 Uzbekistan, Bukhara, 40.797|63.608| JF769391 |Solovyeva et
near Kuldzhuktau Mts. al., 2011
and Dzhangyldy vil.
Ph. h. sergeevi ZMMU R-12259-1 Uzbekistan, Navoi, 40.931|64.654| JF769394 |Solovyeva et
Karakata Depression, al., 2011
60 km NW from Zafarabad settl.
Ph. h. sergeevi ZMMU R-12310 Uzbekistan, Bukhara, 40.783|63.483| JF769390 |Solovyeva et
SW Kyzylkumy, Kuldzhuktau Mts. al., 2011
Ph. h. sergeevi ZMMU R-12166 Uzbekistan, Bukhara, Bukhara, 40.57 | 64.68 | JF769396 |Solovyeva et
Ayakagytma Lake environs al., 2011
Ph. h. sergeevi ZMMU R-12167 Uzbekistan, Qoraqalpog'iston, 41.65 | 64.3 | JF769395 |Solovyeva et
Central Kyzylkum, al., 2011
10 km NE from Zarafshon settl.
Ph. h. sergeevi ZMMU R-12264-1 Uzbekistan, Navoi, SE border 41.702|64.033| JF769393 |Solovyeva et
TamdyTau Mts., 40 km from al., 2011
Zaravshan, between Tamdybulak
and Yangitamdy
[type locality of sergeevi]
Ph. h. sergeevi ZMMU R-12281-1 Uzbekistan, Bukhara, near 40.729|63.756| JF769392 |Solovyeva et
Kuldzhuktau Mts. 8 km W from al., 2011
Shuruk, near Desert Botanic Station
Ph. h. sergeevi ZMMU R-12310 Uzbekistan, SW Kyzylkum, 40.78 | 63.48 | MK461408 |Solovyeva et
Kuldjuktau al., 2023
Ph. h. turcomanus ZMMU R-12789 Turkmenistan, Balkan, 38.967(54.917| JF769386 |Solovyeva et
70 km SE from Nebit-Dag al., 2011
[type locality of turcomanus)
Ph. h. varius ZMMU R-12903-2 Mongolia, Hovd, Ikcher-Toli 46.1 | 91.35 | JF769383 |Solovyeva et
on the W from Bulgan town al., 2011
Ph. h. varius ZMMU R-12163-1 Kazakhstan, East Kazakhstan, 50,08 | 79,41 | JF769398 |Solovyeva et
Semey-Tau Mt., al., 2011

Scherbakovka settl. environs
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Table 1. Continuation

1 2 3 4 5 6 7

Ph. h. varius ZMMU R-12524 | Kazakhstan, Zhalanashkol Lake env. |45.571|82.212| JF756685 |Solovyeva et
al., 2011

Ph. h. varius ZMMU R-12163-1 Kazakhstan, East Kazakhstan, 50.08 | 79.41 | JF769397 |Solovyeva et
Semey-Tau Mt., al., 2011

Scherbakovka settl. environs

Ph. h. varius ZMMU R-12903-1 Mongolia, Hovd, Ikcher-Toli 46.1 |91.35| JF769384 |[Solovyeva et
on the W from Bulgan town al., 2011

Ph. h. varius ZMMU R-12810 Kazakhstan, Taldy-Kurgan, 44.167|78.783| JF769385 |Solovyeva et
near Baschi and Kalinino settls. al., 2011

Ph. h. varius ZMMU R-13089-1 China, Xinjiang, Toli settl. 45,98 | 83,54 | HQ543966 |Solovyeva et

al., 2014
Ph. h. varius ZMMU R-12164 Kazakhstan, Border of Alma-Aty | 45.4 | 82.09 | MK461382 |Solovyeva et
and E Kazakhstan provinces, al., 2023
Lake Zhalanashkol
Ph. h. karatauesnsis ssp. nov.| ZMMU R-12662 Kazakhstan, S Kazakhstan, 44.316| 68.6 | JF769382 |Solovyeva et
Chimkent, N foothills of Karatau, al., 2011
near Suzak settl.

Ph. h. karatauesnsis ssp. nov.], ZMMU R-12165 Kazakhstan, Taraz, NE Karatau, 43.79 | 69.54 | JF769389 |Solovyeva et

Kyzylkol Lake al., 2011
Ph. h. karatauesnsis ssp. nov.| ZMMU R-16120 Kazakhstan, near Karatau Ridge, [44.237|68.519| PP905305 |this study
(SEN-380) Suzak environs

Ph. h. karatauesnsis ssp. nov.| ZMMU R-16121 Kazakhstan, near Karatau Ridge, |44.283|68.418| PP905306 |this study
(SEN-381) Suzak environs

Ph. h. karatauesnsis ssp. nov.] ZMMU R-17944 Kazakhstan, near Karatau Ridge, |44.283|68.418| PP905307 |this study
(SEN-382) Suzak settl.environs

Ph. h. karatauesnsis ssp. nov. SEN-383 Kazakhstan, near Karatau Ridge  |44.631/67.774| PP905308 |this study

Ph. h. karatauesnsis ssp. nov. SEN-384 Kazakhstan, near Karatau Ridge  |44.631/67.774| PP905309 |this study

Ph. h. karatauesnsis ssp. nov. SEN-385 Kazakhstan, near Karatau Ridge, |44.283(68.418| PP905310 |this study

Suzak settl.environs
Ph. h. karatauesnsis ssp. nov. SEN-386 Kazakhstan, near Karatau Ridge, |44.283|68.418| PP905311 |this study
Suzak settl. environs
Ph. h. karatauesnsis ssp. nov. SEN-387 Kazakhstan, near Karatau Ridge, |44.283|68.418| PP905312 |this study
Suzak settl. environs
Ph. h. karatauesnsis ssp. nov., ZMMU R-16123 Kazakhstan, near Karatau Ridge |44.624|67.671| PP908406 |this study
(SEN-388)
Ph. h. karatauesnsis ssp. nov.| ZMMU R-17945 Kazakhstan, near Karatau Ridge |44.624|67.671| PP905313 |this study
(SEN-389)
Ph. h. karatauesnsis ssp. nov.] ZMMU R-17946 Kazakhstan, near Karatau Ridge |44.624|67.671| PP905314 |this study
(SEN-390)

Ph. s. orlovae ssp. nov. ZMMU R-12678 Uzbekistan, Fergana Depression, | 40.78 | 70.97 | JF769375 |Solovyeva et
25 km N from Kokand, foothill al., 2011
adyrs to the north from the road

Tashkent — Kokand
Ph. 5. orlovae ssp. nov. ZMMU R-12802 Uzbekistan, Namangan, Fergana | 40.88 | 70.8 | JF769374 |Solovyeva et
Depression, Pabskaya Steppe, al., 2011
near Chodak and Koshmior settls.

Ph. s. orlovae ssp. nov. ZMMU R-17935 Uzbekistan, Namangan, Fergana | 40.88 | 70.8 | JF769373 |Solovyeva et

Depression, Pabskaya Steppe, al., 2011
near Chodak and Koshmior settls.

Ph. s. orlovae ssp. nov. ZMMU R-17936 Uzbekistan, Namangan, Fergana | 40.88 | 70.8 | KF691717 |Solovyeva et

Depression, Pabskaya Steppe, al., 2014
near Chodak and Koshmior settls.

Stellagama stellio ZMMU R-11324 Israel, Rekhovat settl. 31.88 | 34.8 | KF691700 |Solovyeva et

al., 2014
Paralaudakia caucasia ZMMU R-12465 Azerbaijan, Lerik, 38.61 | 48.35 | KF691701 |Solovyeva et
Zuvand, Kelvyaz settl. al., 2014

Paralaudakia lehmanni ZMMU R-12248 Uzbekistan, Navoi, Nuratau, 40.61 | 66.58 | KF691702 |Solovyeva et
Kataich settl. al., 2014

Paralaudakia microlepis ZMMU R-12207 | Iran, Khorasan, Birjant, Sedeh settl. | 39.85 |59.894| KF691703 |Solovyeva et
al., 2014
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Ne27-3-16/2983-KIIXKM. According to Kazakhstan
legislation, no permits are required to collect tissue
samples without removing individuals from the wild.
Bioethics permits Ne 63-1 and 147-a for fieldwork
(samples, photos, and observation collections) were
approved during the Bioethics Commission meetings
of the Lomonosov Moscow State University Ne 86-0
and 150-d. Samples in Uzbekistan were collected in
accordance with the permit Ne 000034.

Molecular analysis. Molecular analysis was
carried out in the laboratory of the Vertebrate Zoology
Department of the Biological Faculty of the Lomono-
sov Moscow State University. We analyzed the 655 b.p.
(base pair)-long fragment of the COI gene (cytochro-
me oxidase ¢ subunit I) of mtDNA. Muscle and skin
tissues were incubated with Proteinase K, and total
genomic DNA was extracted using a standard phenol-
chloroform extraction protocol followed by ethanol
precipitation of DNA (following the protocol of
Sambrook etal., 1989).

Polymerase chain reaction (PCR) amplification
was performed using MyCycler Bio Rad under the
conditions described by Ivanova et al. (2006). Two
standard pairs of primers were used for PCR and
sequencing: VF1d (5'-TTCTCAACCAACCACA-
ARGAYATYGG-3") and VR1d (5'-TAGACTTCT-
GGGTGGCCRAARAAYCA-3"), or Rep-COI-F (5'-
TNTTMTCAACNAACCACAAAGA-3") and Rep-
COI-R (5'-ACTTCTGGRTGKCCAAARAATCA-3")
(Ivanova et al., 2006; Nagy et al., 2012). Amplifica-
tion was performed in 22 pL reaction volumes
containing 2 pL. DNA, 4 uL of Evrogen HS-Screen
mix, and 1 pL of each primer (10 pmol/uL). All stages
of the extraction process included a blank as a
negative control run in parallel. PCR products were
visualized using a 1% agarose gel. PCR products were
sequenced at the Evrogen laboratory using an ABI
PRISM 3500x1 sequencer with BigDye Terminator
Chemistry v. 3.1 (Applied Biosystems, Foster City,
CA, USA)using PCR primers.

The length of the obtained fragments was about
655 bp. The sequence of Stellagama stellio KF691700
was used as an outgroup. Sequences were aligned and
checked using BioEdit Sequence Alignment Editor
7.1.3.0 (Hall, 1999). All sequences were deposited in
GenBank (see Table 1 for all voucher information,
with corresponding GenBank accession numbers).

To estimate the phylogenetic relationships
within the Ph. helioscopus complex, we reconstructed
phylogenetic trees under Bayesian criteria (BI) and
using the maximum likelihood approach (ML). The
optimum partitioning schemes for Bayesian Interfe-
rence analysis for the COI fragment were taken from
the previous works on the barcoding of the genus
Phrynocephalus (Solovyeva et al., 2023); HKY+G

model was applied for all codon positions separately.
Bl-analysis was performed using MrBayes v3.2.7a
(Ronquist, Huelsenbeck, 2003) with two simultaneous
runs, each with four chains, for five million genera-
tions. We checked the convergence of the runs and that
the effective sample sizes (ESS) were all above 200 by
exploring the likelihood plots using TRACER v.1.5
(Rambaut, Drummond, 2007). The initial 10% of trees
were discarded as burnin. Confidence in tree topology
was assessed by posterior probability (PP) (Huelsen-
beck, Ronquist, 2001). The ML trees were generated
using IQtree software (Nguyen et al., 2015) with
ultrafast bootstrap = 10000 (UFBoot, Minh et al.,
2013). The best-fit model of DNA evolution was se-
lected using ModelFinder software (Kalyaana-
moorthy et al., 2017); HKY+F+I+G4 was suggested
as the best fitaccording to BIC.

Morphological analysis. Head coloration of
149 specimens of Ph. helioscopus complex was stu-
died from photographs: 18 specimens of Ph. heliosco-
pus ssp. from Karatau Ridge; 63 specimens of Ph. h. ca-
meranoi; 22 specimens of Ph. h. varius; 7 specimens
of Ph. meridionalis; 9 specimens of Ph. saidalievi
sensu stricto; and 9 specimens of Ph. sergeevi. Part of
the photographs (N = 21) were taken during the field
trip to Kazakhstan in May, 2023 by Solovyeva E. N.,
the remaining photographs were taken during the pre-
vious field trips (N = 75; starting from 2008) by Solo-
vyeva E. N., two photos by Lisachev A. P. and from the
iNaturalist database (https://www.inaturalist.org/)
(N=154); in the latter case only the photographs where
the head coloration was obvious were included in
analysis. In this analysis, we did not distinguish the
populations of Ph. saidalievi from the left and right
banks of the Syrdarya River.

The following characteristics of head colora-
tion were examined: the prevailing background head
color (olive or gray); the presence of red dots (yes or
no); the presence of dark dots (yes or no); the presence
of'the 8-shaped dark marking (yes orno); the degree of
head coloration contrast (estimated as: not contras-
ting = 0; medium contrast = 1; highly contrasting = 2).
The schematic representation of these characteristics
is shown in Figure 2, a—c. The dark spots (sometimes
underlined by red dots) in a row forming a line over
the eye (see Fig. 2) were not taken into account, they
were recorded in all studied specimens of Ph. he-
lioscopus.

Thirteen measurements and nine scalation
meristic characters were taken for the specimens from
Karatau Ridge in Kazakhstan and the Fergana Valley
in Uzbekistan and Kyrgyzstan to compare with the
previously examined specimens (Solovyeva et al.,
2012). Morphometric characters included: SVL — bo-
dy length; TL — tail length; SVL/TL ratio; Int. N — dis-
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a b c
Fig. 2. Features of the head coloration in the Phrynoce-
phalus helioscopus species complex members: a — 8-shape
spotof Ph. helioscopus karatauensis ssp. nov., b—red dots
and dark spots of Ph. helioscopus varius, c — dark spots and
arow over the eye of Ph. horvathi

tance between nostrils; 7—length of tibia; LFL —length
of forelimb; LHL — length of hindlimb; HH — head
hight (on the level of the middle of the eye); HL —head
length; HW — head width; CW — ‘cap’ width (cap — a
group of enlarged flat scales in the occipital region of
the Phrynocephalus lizards); P-N — distance from
parietal shield to nostril; N-eye—distance between nos-

Solovyeva, E. A. Dunayev, R. A. Nazarov et al.

tril and preorbital fold. Meristic characters included:
N-N —number of scales between nasal shields; D. lab. —
number of upper labial scales; V. lab. — number of lo-
wer labial scales; Slab-eye — number of scales bet-
ween the upper labials and the eye; C — number of
scales across the cap from eye to eye; Par-snas — num-
ber of scales from central parietal to upper nasal; I —
number of scales on the underside of the finger [ of the
hind limb (excluding the claw); IV —number of scales
on the underside of the finger IV of the hind limb
(excluding the claw); V — number of scales on the
underside of the finger V of the hind limb (excluding
the claw). The resulting dataset included morpho-
logical data for 129 specimens from eight taxa (see
Table 2): “helioscopus sensu stricto”, “cameranoi”,
“meridionalis”, “saidalievi”, “sergeevi”, “varius”,
“Karatau”, “Right bank of the Syrdarya River in the
Fergana Valley”. The following abbreviations were
used to describe statistics: “p-value” for statistical
significance, “df” for degrees of freedom, and ““y’ ”* for
chi-square score.

Table 2. List of specimens used in morphological analysis (measurements and pholidosis counts)

Subspecies N | Voucher no. ZMMU Locality
1 2 3 4

Ph. h. helioscopus 12 R-8720 Kazakhstan, Aralsk env.

Ph. h. helioscopus 5 R-8726 Kazakhstan, Aralsk env.

Ph. h. helioscopus 3 R-8718 Kazakhstan, Barsa-Kelmes island

Ph. meridionalis 15 R-6817 Turkmenistan, Kugitang mts.

Ph. meridionalis 5 R-5902 Turkmenistan, Begiarelan mt.

Ph. h. cameranoi 4 R-5945 Kazakhstan, Sugata Valley

Ph. h. cameranoi 8 R-12669 Kazakhstan, 25 km W Kokpek settl.

Ph. h. cameranoi 5 R-12668 Kazakhstan, Tashkarasu env.

Ph. h. cameranoi 1 R-12528 Kazakhstan, SE Sugata Valley, Bartagoy settl.

Ph. h. cameranoi 2 R-12664 Kazakhstan, left bench of Charyn River,

on the road to Ily River

Ph. h. cameranoi 10 R-12665 Kazakhstan, Khorgos env.

Ph. h. varius 6 R-12810 Kazakhstan, Taldy-Kurgan settl.

Ph. h. varius 6 R-5932 Kazakhstan, Alakol basin, 15 km N Zhalanashkol lake

Ph. h. varius 1 R-617 Kazakhstan, Berl-Baygai settl., Balkhash lake

Ph. h. varius 2 R-12809 Kazakhstan

Ph. h. varius 2 R-5931 Kazakhstan, Alakol basin, Tasti River Valley,

5 km SE Zharbulak vill.

Ph. h. varius 1 R-12384 Kazakhstan

Ph. h. varius 1 R-12383 Kazakhstan

Ph. h. varius 1 R-8731 Kazakhstan, Buran env., near Black Irtysh River

Ph. s. saidalievi 1 |R-17310 (RAN-4895) Kyrgizstan, Batkent region, Kadamjay dist.,
near Sovetskiy vill.

Ph. s. saidalievi 1 |R-17311 (RAN-4896) Kyrgizstan, Batkent region, Kadamjay dist.,
near Sovetskiy vill.

Ph. s. saidalievi 1 |R-17312 (RAN-4897) Kyrgizstan, Batkent region, Kadamjay dist.,
near Sovetskiy vill.

Ph. s. saidalievi 1 |R-17313 (RAN-4898) Kyrgizstan, Batkent region, Kadamjay dist.,
near Sovetskiy vill.

Ph. s. saidalievi 1 |R-17314 (RAN-4899) Kyrgizstan, Batkent region, Kadamjay dist.,
near Sovetskiy vill.

Ph. s. saidalievi 1 |R-17315 (RAN-4901) Kyrgizstan, Batkent region, Kadamjay dist.,
near Sovetskiy vill.

60 COBPEMEHHAS I'EPITIETOJIOT MU 2025 T. 25, Bein. 1/2



Filling gaps in the taxonomy of the Phrynocephalus helioscopus species complex

Table 2. Continuation

1 2 3 4
Ph. s. saidalievi 1 |R-17316 (RAN-4902) Kyrgizstan, Batkent region, Kadamjay dist.,
near Sovetskiy vill.

Ph. s. saidalievi 1 |R-16885 (RAN-4431)| Uzbekistan, Fergana Valley, vicinity of Pavelgan settl.
Ph. s. saidalievi 1 |R-16886 (RAN-4432)| Uzbekistan, Fergana Valley, vicinity of Pavelgan settl.
Ph. s. saidalievi 1 |R-16887 (RAN-4433)| Uzbekistan, Fergana Valley, vicinity of Pavelgan settl.
Ph. s. saidalievi 1 |R-16888 (RAN-4434)| Uzbekistan, Fergana Valley, vicinity of Pavelgan settl.
Ph. h. sergeevi 1 R-10745 Uzbekistan, NW Nuratau, near Taldy water well

Ph. h. sergeevi 1 R-6147 Uzbekistan, S Kuldzhuktau, Shuruk vill. env.

Ph. h. sergeevi 1 R-11756 Uzbekistan

Ph. h. sergeevi 2 R-6596 Uzbekistan, 15 km N Navoi settl.

Ph. h. sergeevi 4 R-7282 Uzbekistan, Kuldzhuktau foothills, 10 km W Shuruk vill.
Ph. h. sergeevi 1 R-10967 Uzbekistan, Central Kyzylkum Desert,

15 km NW Zarafshon settl.

Ph. h. karatauensis ssp. nov. (“karatau”) 1 R-16120 Kazakhstan, near Karatau Ridge

Ph. h. karatauensis ssp. nov. (“karatau”) 1 R-17944 Kazakhstan, near Karatau Ridge

Ph. h. karatauensis ssp. nov. (“karatau”) 1 R-16121 Kazakhstan, near Karatau Ridge

Ph. h. karatauensis ssp. nov. (“karatau”) 1 R-16125 Kazakhstan, near Karatau Ridge

Ph. h. karatauensis ssp. nov. (“karatau’) 1 R-16123 Kazakhstan, near Karatau Ridge

Ph. h. karatauensis ssp. nov. (“karatau’) 1 R-17945 Kazakhstan, near Karatau Ridge

Ph. h. karatauensis ssp. nov. (“karatau”) 1 R-17946 Kazakhstan, near Karatau Ridge

Ph. s. orlovae ssp. nov. (“right bank™) 1 R-12802 Uzbekistan, Namangan, Fergana Depression,

Pabskaya Steppe, near Chodak and Koshmior settls.
Ph. s. orlovae ssp. nov. (“right bank”) 8 R-17935-17942 Uzbekistan, Namangan, Fergana Depression,
Pabskaya Steppe, near Chodak and Koshmior settls.
Ph. s. orlovae ssp. nov. (“right bank™) 1 R-12678 Uzbekistan, Fergana Depression, 25 km N from Kokand,
foothill adyrs to the north from the road Tashkent — Kokand
Ph. s. orlovae ssp. nov. (“right bank”) 1 R-17943 Uzbekistan, Fergana Depression, 25 km N from Kokand,
foothill adyrs to the north from the road Tashkent — Kokand

For nominal discrete (qualitative) data,
Multiple Correspondence Analysis (MCA) was per-
formed in R using packages FactoMineR (L€ et al.,
2008) and Factoshiny (Vaissie et al., 2024). Pearson’s
chi-squared test for independence was calculated in
Factoshiny. This test assesses the association between
qualitative traits and the origin of specimens or spe-
cies taxonomic assignment.

For continuous (quantitative) data, we calcula-
ted box-and-whiskers-plots and basic descriptive sta-
tistics using R (R Core Team, 2021) and performed
Principal Components Analysis (PCA) using Facto-
MineR (Lé et al., 2008) and Factoshiny (Vaissie et al.,
2024).

Also, we checked several diagnostic features used
in our previous work on the Ph. helioscopus species
complex (Solovyeva et al., 2012) for the specimens from
Karatau Ridge and the Fergana Valley, such as the pre-
sence and position of a group of enlarged scales bet-
ween the anterior edges of the eyes; displaced scales in
the postorbital scale rows; the number of scales bet-
ween the enlarged anterior supraorbital and nasal shields;
the presence of the enlarged scales among the pos-
terior supralabials; the shape of the scales surrounding
the remnants of the umbilical opening; the presence of
the enlarged spiny scales on the shoulder; the presence
ofanumber of pointed scales above the neck spots.

RESULTS

Phylogenetic analysis. The results of phylo-
genetic analysis are presented in Fig. 3. Bl and ML pro-
duced trees that show essentially similar topologies.
All previously recognized lineages were highly sup-
ported (comparing to Solovyeva et al., 2023), inclu-
ding the clade of Ph. saidalievi from the right bank of
the Syrdarya River (100/1, hereafter the node support
values are given for BS/PP) and the clade of Ph. he-
lioscopus from Karatau Ridge (99/1). Phylogenetic
relationships between Ph. saidalievi from left and right
banks of the Syrdarya River and Ph. meridionalis have
low resolution, the rest lineages, excluding Ph. per-
sicus, comprise a clade. Relationships within this clade
mostly have good support. First, the clade divides into
two clades. The first one includes Ph. h. cameranoi
and Ph. helioscopus populations from Karatau Ridge
environs (Ph. helioscopus ssp.) as a sister lineage to it.
Second, we see a group with temperate to low support
(84/0.68) consisting of Ph. h. sergeevi, Ph. h. varius.
Ph. h. helioscopus and Ph. h. turcomanus, relation-
ships of the last three species are not resolved.

Clade of Ph. saidalievi from the right bank of
the Syrdarya River shows very slight topological struc-
ture: samples from Pabskaya Steppe cluster together
(98/0.77) and a sample from 25 km N to Kokand
branches from them, clade of Ph. saidalievi from the
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Fig. 3. ML-inferred phylogenetic tree showing the genealogical
relationships of the Phrynocephalus helioscopus species complex
based on the analysis of 655 b. p. fragment of COI gene (mtDNA).
Numbers at the tree nodes show Maximum Likelihood Bootstrap

Support/Bayesian Posterior Probabilities

left bank of the Syrdarya River doesn't show topo-
logical structure. Meanwhile, clade of Ph. heliosco-
pus from Karatau Ridge has very clear branching into
three main groups with temperate support (88/0.95
and 81/0.77) coinciding with the three main collection
localities. These are specimens from Suzak environs
(points 1 and 2 on the map, see Fig. 1), one specimen
from the Kyzylkol lake (point 3 on the map, see Fig. 1)
and the rest from the localities to the NW from Suzak
(points 4 and 5 on the map, see Fig. 1).

'aralaudakia lehmann

g Ph. h
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"“‘ﬁ JF769386 | Ph. h
o Ph. h. ;o
KFE91702 P da
10001 - KF691701 Paralaudakia caucasia
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Uncorrected p-distances within Ph. helio-
scopus sensu stricto lineages differ from 3.94 to
11.13% (Table 3). Distances between specimens
from Karatau Ridge environs and others vary
from 5.08% (with Ph. h. cameranoi) to 10.51%
(with Ph. meridionalis), exceeding 13.05%
with Ph. persicus lineages. Specimens from the
right bank of the Syrdarya River differ less,
their distances vary from 3.94% with Ph. sai-
dalievi to 6.67% (with Ph. h. helioscopus) and
up to 11.89% with Ph. persicus lineages.

Morphological analysis. A. Color pat-
tern of the head. The occurrences of the values
of the studied morphological features of the
head pattern are represented in Tables 4, 5 and
Fig. 2, a—c. According to the obtained results,
the prevailing color of the cap of the toad-
headed agamas from Karatau Ridge is gray in
88.89%, there are no red or dark dots in 94.44%,
the 8-shaped spot occurs in 72.22% and the
coloration has medium contrast in 61.11%. The
main color of the cap can differ Karatau Ridge
populations from Ph. h. helioscopus, Ph. meri-
dionalis and Ph. h. sergeevi: gray cap in 88.89%
of Karatau Ridge specimens versus olive cap in
85.71 to 100% for above mentioned species.
The combination of two characteristics can be used as
a diagnostic feature — the presence of 8-shaped spot
together with the absence of red dots (see Fig. 2, 4,
Table 5). The position of red and dark spots on the
scales differs. Red pigment occupies the basal part of
the scale, while black pigment concentrates at the top
of'the scale, thus the same scale can host both types of
dots.

Results of MCA analyses are shown on Fig. 5.
Confidence ellipses for Ph. helioscopus ssp. and

Table 3. Uncorrected p-distances (percentage) between and within the groups of Ph. helioscopus s.1. complex. Distances
between groups are shown under the diagonal row; standard error values are given above the diagonal row, distances within

groups are shown at the diagonal row

< - .2 -2 2 ~
S = N N 2 > 4

Q, S = N v = S
Subspecies 3 § S % 3 g2 N g g g
g S 3 3 o S| 2 S 5 g
= s N 3 S S @ ‘S = < = 4
3 S 3 3 = @ @ 3 )
= © S 2 & R,
helioscopus 0.42 1.11 1.47 1.38 1.01 1.1 1.22 1.07 0.87 1.92
cameranoi 6.29 1.37 1.65 1.35 1.11 0.94 1.25 1.21 1.13 2.01
meridionalis 9.35 11.13 14 1.4 1.7 1.56 1.31 1.65 1.63 1.94
saidalievi 8.01 7.73 8.36 0.24 1.51 1.52 0.9 1.53 1.5 2.01
sergeevi 5.36 6.33 11.11 9.14 0.16 1.29 1.35 1.31 1.15 1.91
karatauensis ssp. nov. 5.84 5.08 10.51 8.83 7.13 1 1.28 1.28 1.12 1.87
orlovae ssp. nov. 6.67 7.22 7.46 3.94 7.6 7.32 0.06 1.3 1.31 1.74
turcomanus 5.61 7.1 10.7 9.02 7.61 7.13 7.07 - 1.05 2.01
varius 4.47 6.41 10.57 8.57 6.49 6.07 7.19 5.51 1.19 2.11
persicus s.1. 13.64 14.42 13.99 13.86 13.36 13.05 11.89 14.3 14.94 6.33
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Table 4. Occurence of the diagnostic features of the head pattern within Ph. helioscopus sensu lato, %

. Cap colour Red spots Dark spots 8-shape Contrast
N Subspecies olive | grey -+ - |+ - + 0 | 1 2
All
63 | cameranoi 3492 | 65.08 38.1 61.9 46.03 | 53.97 | 65.08 | 3492 | 1746 | 57.14 254
21 | helioscopus 9524 | 4.76 100 0 71.43 | 28.57 100 0 52.38 | 47.62 0
7 | meridionalis 85.71 | 1429 | 85.71 | 1429 | 57.14 | 42.86 | 85.71 | 1429 | 57.14 | 28.57 | 14.29
9 | saidalievi 4444 | 55.56 | 4444 | 55.56 | 66.67 | 3333 | 55.56 | 44.44 | 33.33 | 33.33 | 33.33
9 | sergeevi 100 0 100 0 88.89 | 11.11 100 0 77.78 | 22.22 0
18 | karatauensis ssp. nov. | 11.11 88.89 | 94.44 5.56 94.44 5.56 27.78 | 72.22 | 16.67 | 61.11 | 22.22
22 | varius 22.73 | 77.27 | 27.27 | 72773 | 77.27 | 2273 | 59.09 | 36.36 | 4091 | 27.27 | 31.82
Males
34 | cameranoi 26.47 | 73.53 | 3529 | 64.71 | 41.18 | 58.82 | 70.59 | 29.41 2.94 61.76 | 35.29
7 | helioscopus 85.71 14.29 100 0 57.14 | 42.86 100 0 14.29 | 85.71 0
3 | meridionalis 100 0 100 0 33.33 | 66.67 100 66.67 | 33.33 0
2 | saidalievi 0 100 0 100 0 100 0 100 0 50 50
1 | sergeevi 100 0 100 0 100 0 100 0 100 0 0
7 | karatauensis ssp. nov.| 14.29 | 85.71 | 85.71 14.29 100 0 14.29 | 85.71 14.29 | 42.86 | 42.86
8 | varius 25 75 25 75 75 25 50 50 25 25 50
Females
14 | cameranoi 28.57 | 7143 | 2143 | 78.57 | 57.14 | 42.86 50 50 28.57 | 42.86 | 28.57
3 | helioscopus 100 0 100 0 33.33 | 66.67 100 0 33.33 | 66.67 0
2 | meridionalis 50 50 50 50 50 50 50 50 0 50 50
2 | saidalievi 50 50 0 100 50 50 50 50 0 50 50
0 | sergeevi NA NA NA NA NA NA NA NA NA NA NA
8 | karatauensis ssp. nov. 0 100 100 0 100 0 37.5 62.5 25 62.5 12.5
4 | varius 0 100 0 100 100 0 75 25 50 25 25
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Table 5. Occurence of the chosen combination of diagnos-
tic features of the head pattern within Ph. helioscopus sensu
lato, %

. 8-shape+
N Subspecies red d{; ts 8-shape -
All
63 | cameranoi 28.57 4.76 66.67
21 | helioscopus 0 0 100
7 meridionalis 14.29 0 85.71
9 saidalievi 44.44 0 55.56
9 | sergeevi 0 0 100
18 | karatauensis ssp. nov. 5.56 66.67 27.78
22 | varius 31.82 9.09 59.09
. 8-shape+
N Subspecies red dI:) s 8-shape -
Males
34 | cameranoi 29.41 0 70.59
7 | helioscopus 0 0 100
3 meridionalis 0 0 100
2 | saidalievi 100 0 0
1 sergeevi 0 0 100
7 karatauensis ssp. nov. 14.29 71.43 14.29
8 varius 37.5 12.5 50
. 8-shape+ | 8-shape-
N Subspecies red dots | red dots .
Females
14 | cameranoi 42.86 7.14 50
3 helioscopus 0 0 100
2 | meridionalis 50 0 50
2 | saidalievi 50 0 50
8 | karatauensis ssp. nov. 0 62.5 37.5
4 varius 25 0 75

Ph. h. varius overlap almost completely in analysis of
all 5 qualitative features for all studied taxa (see Fig. 5,
a), while confidence ellipses for Ph. helioscopus ssp.
and Ph. h. cameranoi don't overlap at all. In the
analysis of 3 main qualitative features (red dots, dark
spots, 8-shape) (see Fig. 5, b) for all studied taxa, Ph. he-
lioscopus ssp. has only a little overlap with Ph. me-
ridionalis. Analysis of all 5 qualitative features for 3
taxa (Ph. h. varius, Ph. h. cameranoi and Ph. he-
lioscopus ssp.) showed separated confidence ellipses
(seeFig. 5, ¢).

Pearson's chi-squared test rejected independen-
ce for all studied qualitative characteristics (Table 6):
df for 6 under p-value = 0.05 is 12.592 and df for 12 =
=21.026, while all calculated y”are higher.

B. Analysis of measurements. The results of
analyses of measurements are represented in Figures
6-8. As the MCA analysis showed the difference
between measurements of females and males (see Fig.
6, b) we assessed data for them separately. On the rest
of the MCA graphs (see Figs. 6, a, ¢, d) Ph. saidalievi
has the most distant and separated confidence ellipse
from the others, but specimens from the right bank of
the Syrdarya River and specimens from the environs
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Fig. 5. MCA analysis of the head coloration characters in
the Phrynocepahlus helioscopus species complex: a—of all
5 head coloration features (cap color, contrast, red dots, dark
spots, 8-shape); b — of 3 head coloration features (red dots,
dark spots, 8-shape); ¢ — of 3 head coloration features (red
dots, dark spots, 8-shape) for 3 lineages (Ph. h. cameranoi,
Ph. h. varius, Ph. helioscopus ssp. “Karatau”). In a, b only
confidence ellipses shown, in ¢ both individual dots and
confidence ellipses shown
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Table 6. Results of Pearson's chi-squared test: y* — chi-
square score, df — degrees of freedom, p-value — statistical
significance

Feature b df p-value
Cap color 52.301 6 0.000000001622
Contrast 30.937 12 0.002014
Red dots 53.328 6 0.000000001008
Dark spots 20.944 6 0.001878
8-shape 29.721 6 0.00004441

of Karatau Ridge have or don't have only small
overlaps with confidence ellipses of other lineages.
Due to the box-and-whiskers plots (Figs. 7, 8). There
are no meaningful differences in measurements
between specimens from Karatau Ridge and other
studied lineages, values overlap either for females or
males. On the contrary, Ph. saidalievi and specimens
from the right bank of the Syrdarya River have some
slight differences to the other Ph. helioscopus s.s.
representatives in measurements both for males and
females. SVL/TL (snout-vent length/tail length) for
males <0.8 for both lineages from Fergana Valley and
>(.8 for other lineages, for females this is <0.85 and

~ T
§ 2.0 mendi?naﬁs orlovae ssp. nov
210 helioscopus 1‘ @
’ - G B
~ 0 y o] - ' :
g L e sergeevi
= Vanus | — !
[-1.0 cameranoi / 1 saidalievi
I
2.0 {
-3.0 .‘
-2.5 0 2.5 5.0 7.5

Dim 1 (56.05%)

- :
S 55 ' orlovae ssp. nov
5 meridionalis sergeevi
x helioscopus
E -
a o/ N
0 {1\ L et
varius ~— [:.'-mrr:=x anoi saidalievi
:
1
1
2.5 |
1
1
:
1
-5.0 :
1
1
1
j
5.0 25 0 25 5.0

Dim 1 (60.52%)

>(0.85 accordingly; 7L for Fergana Valley lineages is
more than 60 mm in females and 65 mm in males and
less in other lineages. Five features slightly differ the
right bank specimens from Ph. saidalievi: LHL (length
of hind limb) in males from the right bank is usually
38.8-39.6 mm vs. 4043 mm in Ph. saidalievi and in
females 37.3-40.8 mm vs. 41-43 mm, 7 (length of
tibia) is usually 10.91-12.77 mm vs. 14-15 mm in
males and 10.53—-13.27 mm vs. 13—14 mm in females,
Int. N (distance between nostrils) 1.7-1.9 mm vs.
1.8-2.2 mm in males and 1.9-2.9 mm vs. 1.8 mm in
females, and P-N (distance from parietal shield to
nostril) 5.2-6.7 mm vs. 6.4-7.7 mm in males and
6.4-7.52 mm vs. 5.5-6.5 mm in females. But such
meristic features can be unreliable due to the severe
changes and damages that often happen to specimens
in ethanol because of dehydration.

C. Analysis of scalation counts. The results of
analyses of measurements are represented in Fig. 9,
10. As the PCA analysis showed no difference between
measurements of females and males (see Fig. 9, b) we
assessed data for them together. Again, Ph. saidalievi
has the most distant and separated confidence ellipse,
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Fig. 6. PCA analysis of morphometric characters of the
Phrynocephalus helioscopus species complex: a — grouped
by a variable “lineages”, all; b — grouped by a variable “sex”,
both individual dots and confidence ellipses shown; grou-
ped by avariable “lineages”, males; ¢ — grouped by a variab-
le“lineages”, females. In a, ¢ and d only confidence ellipses
shown
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while specimens from the right bank of the Syrdarya
River have significant overlap of confidence ellipse
with other lineages (see Fig. 9, a). Specimens from
Karatau Ridge environs are less distant than Ph.
saidalievi, but their confidence ellipse doesn't overlap
with other lineages. According to box-and-whiskers
plots (see Fig. 10), only two features were more or less
different for specimens from Karatau Ridge environs:
C (number of scales across cap from eye to eye) usual-
ly less than in other lineages, 13—18 vs. 15-22, and V
(number of scales on the underside of the V finger of
the hind leg) usually more, 10—13 vs. 7—13. There is no
significant difference in features between specimens
from the right bank of the Syrdarya River and other
Ph. helioscopus s.s. specimens, excluding Ph. saida-
lievi. But there are several features differing the right
bank specimens from Ph. saidalievi: V.lab (number of
lower labial scales) 12-16 vs. 17-19 accordingly,
I (number of scales on the underside of the I finger of
the hind leg) 5-6 vs. 69 and IV (number of scales on
the underside of the IV finger of the hind leg) 14-18
vs. 17-22.

D. Diagnostic features from Solovyeva et al.
(2012). For specimens in environs of Karatau Ridge,
the pointed scales in cervical region above the neck
spots either absent or weakly expressed; enlarged
spiny scale on the shoulder is rather present, than
absent; there are no displaced scales in the rows of
postorbital scales; large scales
above the posterior upperlabials
are usually absent; the elongated
scales around the trace of the yolk
sac are found and absent in equal
measure, there are two scales bet-
ween the large anterior supra-
orbital and nasal plates; between
the anterior edges of the eyes there
is a group of large scales that form
two distinct longitudinal rows
between the eyes.

For specimens from the
right bank of the Syrdarya River,
the pointed scales in cervical
region above the neck spots are
absent; enlarged spiny scale on the
shoulder is absent; usually there
are no displaced scales in the rows
of postorbital scales, only rarely;
large scales among the posterior
upperlabials are absent; the elonga-
ted scales around the trace of the
yolk sac are found and absent in
equal measure; there are 2—4 scales
between the large anterior supra-
orbital and nasal plates; between

COBPEMEHHA I'EPITETOJIOI' IS

the anterior edges of the eyes there is a group of large
scales that do not form two distinct longitudinal rows
between the eyes.

Family Agamidae Gray, 1827
Genus Phrynocephalus Kaup, 1825
Phrynocephalus helioscopus (Pallas, 1771)
Phrynocephalus helioscopus karatauensis ssp. nov.
Solovyeva, Dunayev, Nazarov & Poyarkov

Chresonymy:

Phrynocephalus helioscopus — Brandt in Lehmann,
1852:333 (partim); Nikolsky, 1915 (partim).
Phrynocephalus helioscopus—Solovyevaetal.,2011.
Phrynocephalus sp. 6—Solovyevaetal., 2023.

Holotype: ZMMU R-16120 (adult male)
(Fig. 11), collected by Solovyeva E. N., Lisachev A. P.
from Kazakhstan, environs of Karatau Ridge, Suzak
environs (N44.237,E68.519) on 25.05.2019.

Paratypes: ZMMU R-16121 (female), ZMMU
R-16123 (female), ZMMU R-17944 (female),
ZMMU R-17945 (female), ZMMU R-17946 (female),
ZMMU R-16125 (male) (Fig. 12). ZMMU R-16121,
R-17944 were collected Solovyeva E. N., Lisachev A. P.
in Kazakhstan, near Karatau Ridge, Suzak environs
(N44.283,E68.418) on 25.05.2019. ZMMU R-16123,
R-17945-17946 were collected Solovyeva E. N.,
Lisachev A. P. in Kazakhstan, near Karatau Ridge

Fig. 11. Photographs of Ph. helioscopus kara-
tauensis ssp. nov. holotype (ZMMU R-16120): a—
dorsal view; b — ventral view; ¢ — head in lateral
view; d — head in frontal view; e — head in dorsal
view
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Fig. 12. Photographs of Ph. helioscopus karatauensis ssp. nov. type series: ZMMU R-16120, ZMMU R-16121, ZMMU
R-17944,ZMMU R-16123,ZMMU R-17945, ZMMU R-17946,ZMMU R-12165

(N44.624,E67.671) on 26.05.2019. ZMMU R-12165
was collected in Kazakhstan, Taraz, NE Karatau Ridge,
Lake Kyzylkol (N43.79, E69.54), date and collectors
unknown.

Diagnosis. A member of the Ph. helioscopus
complex based on the following combination of mor-
phological attributes: (1) no enlarged scales with spines
on the sides of the head and neck; no scales with
highly developed white spines resembling a fringe on
the posterior edge of the thigh and on the sides of the
base of the tail, (2) on the upper surface of the neck, a
transverse fold of skin clearly visible, a pair of pink or
red spots with a blue border in the cervical region on
the sides (Bannikov etal., 1977).

Phrynocephalus helioscopus karatauensis ssp.
nov. can be distinguished from other subspecies of
Ph. helioscopus by the following combination of two
diagnostic morphological characteristics of the head:
the presence of gray 8-shaped spot together with the
absence of red dots.

Etymology. The name of the new subspecies
karatauensis is a Latinized toponymic adjective, deri-
ved from Karatau, the name of the mountain ridge in
the SE Kazakhstan, where the new subspecies was
found. We suggest the “Karatau sun-watcher toad-
headed agama” as a common name in English and
“Kaparaycckasi TaKbIpHasi KpyIJIOTOJIOBKA™ as a com-
mon name in Russian.

Color of holotype in life (Fig. 13, according to
A. S. Bondartsev (1954)). The overall background of
the back ochre (pallido-ochraceus), ochre coated
(ochraceus), mouse-gray (murinus), pale-gray (palli-
do-griseolus), dun (isabellinus), or sand (arenicolor).
Often to the color of the soil.

The color of the cap and nasal area most often
(84% of cases) bluish gray (cyaneo-griseus), less com-
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monly mouse-gray (murinus), with the supraorbital
area corresponding to the main shade of the back
(lighter than cap).

In the cervical region, a pair of orange-pink
(aurantico-roseus) or yellowish-red (flavido-rufus)
small elongated spots surrounded at the outer edge by
pale blue (pallido-caeruleus, caerucens) spots-stripes.

In the surface area between the shoulder and
pale blue spots — a dark-sand (atro-arenicolor, cervi-
nus), a yellow-brown (flavor-fuscus) stain bordered
by a thin black line one scale thick.

In the suprascapular region, a pair of triangular
spots, from yellow-brown (flavor-fuscus) to sordide-
purple (sordide violaceus). Smaller spots of the same
color located above the thighs and at the base of the
tail. Sometimes fused or extended to each other by the
angles of the base of the triangle. Above and below
them — a pair of pale blue (pallido-caeruleus, caeru-
lescens) specks with an area of 8—14 scales (someti-
mes they kind of frame the spot from above and
below). The pale blue patch has different shapes, can
be extended in the neck into a thin longitudinal area
and in the middle of the back into a transverse strip.
The same, but smaller (area of 3—5 scales) spots can be
located chaotically («scattered» along the back).

In the middle of the back, a group of black (ater)
or plum-black (prunicolor) groups of 4-8 scales in the
center of a small red (fulvus, rufescens) spot bordered
by a discontinuous thin line one-scale and pale blue spots.

Across the middle of the back can be up to four
reddish spots in one line. Along the ridge can be up to
eight pairs of pale blue spots.

Sometimes color spots (orange-pink and pale-
blue) on the upper side of the body not expressed.

Thighs and tibia with transverse blackish or dark
olive (atro-olivaceus) stripes and separate blackish scales.
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The head gray (murinus, pale gray — pallido-
griseolo-violaceus, gray-purple — griseoli-violaceus)
with a «marble» pattern, usually the most pronounced
inmales.

The belly white, pale gray (pallid-griseolus),
bluish-ash (caerulescenti-cinereus, caesius). On the
chest of males is sometimes marked “tie” of gray
specks (also found in females). The tie can reach the
middle of the belly, or may be missing completely.

Variation of paratypes. Measurements and pho-
lidosis counts of paratypes are shown in the Table 7.
SVL 43.0-50.0 mm in males, 42.6—51.0 mm in fema-
les, TL — 54.8-58.5 mm in males and 50.3—55.0 in fe-
males. Length of tibia 11-14 mm in males and 11—
14.3 mm in females. 13—18 scales located across the cap
in different rows, nasal shields separated by 1-3 rows
of longitudinally elongated scales. 17-21 subdigital
plates on the fourth finger of the hind limb. The poin-
ted scales in cervical region above the neck spots
either absent or weakly expressed; enlarged spiny
scale on the shoulder rather present, than absent; no
displaced scales in the rows of postorbital scales; large
scales among the posterior upperlabials absent; the
elongated scales around the trace of the yolk sac are
found and absent in equal measure, two scales
between the large anterior supraorbital and nasal
plates; a group of large scales that form two distinct
longitudinal rows between the eyes situated between
the anterior edges of the eyes.

Distribution. Kazakhstan, to the northeast and
east from Karatau Ridge, in the areas of Kyzylkol
Lake and Suzak settlement. It is unknown, is there a
sympatry zone with Ph. varius or not, in the space
between Karatau Ridge. and Balkhash lake (Fig. 14).

Comparisons with other subspecies. The new
subspecies can be differentiated from other specimens
of Ph. helioscopus complex by the combination of the
presence of gray 8-shaped spot together with the
absence of red dots on the head. Ifusing the diagnostic
Fig. 13. Photographs of Ph. helioscopus karatauensis ssp. ~ key from Solovyeva et al. (2012), a new subspecies
nov. in life

The tail has the same spots going from the
sides of the tail to the upper side, but they do not
touch each other and the center line of the tail.
Sometimes these spots from different sides can
merge into a dark oblique stripe. The distal part of
the tail dark, blackish.

Below the distal third (quarter) of the male’s
tail, rusty (ferrugineus), dark orange (atro-aurantiacus),
brown-red (fuscato-rubidus). The basal part of the
ventral side of the tail (before the preanal expansion)
pale blue, often almost white. In females, the entire

tf’:‘ﬂ pale blue or blue (Caeruleus.) b.etween the dark Fig. 14. Natural habitat of Ph. helioscopus karatauensis ssp. nov.
side patches thatenter the lower side inachessorder.  Kazakhstan, Karatau Ridge environs
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has intermediate characteristics between Ph. varius HEEEEEE =
and Ph. cameranoi. TERERER =2
> BIBR2E1R222 N
Phrynocephalus saidalievi Sattorov, 1981 S i
-vnocephalus saidalievi Sattorov, S 2uwwns @aE B8
Phrynocephalus saidalievi orlovae ssp. nov. = % % % % % = % g 2
Solovyeva, Nazarov, Dunayev, Abduraupov ga_ 3B 8B =| 8|8 g
& Poyarkov 4 geree § g
Chresonymy: = sEEE s ,.;
Phrynocephalus helioscopus —Eichwald 1831: 186. §' NN B
Phrynocephalus helioscopus saidalievi — Sattorov, 2o ZRE22zEs B
1981:73. g =
Phrynocephalus saidalievi —Solovyevaetal., 2023 < Lﬁ § &S § £ § 3 é:
Holotype: ZMMU R-12802 (adult male) (Fig. 15), 2 g
collected by Solovyeva E. N. and Dolotovskaya S. I. = 22I2S2SLlS &
from Uzbekistan, Namangan, Fergana Depression, % Bt g e A1~ | ="
Pabskaya Steppe, near Chodak and Koshmior to the Z _ = Z
north from the road Tashkent-Kokand (N40.88, 2 o L] = s
E70.8) on31.05.2008. S Y Y Y =
Paratypes. ZMMU R-12678 (male), ZMMU R- T ESERRREER T
12802 (male), ZMMU R-17935-17942 (3 males, 5 fe- oo ool ol m ;
males) (Fig. 16). ZMMU R-12678 and ZMMU R- 225eEnEE =
17943 were collected collected by Nazarov R. A., ololwlelelolole 3
Zinenko N. V. in Uzbekistan, Fergana Depression, SR =B §
25 km N from Kokand, foothill adyrs to the north from g
the road Tashkent—Kokand (N40.78, E70.97) in the 2GR RE § §
end of October 2007. ZMMU R-12802 and ZMMU RN <
R-17935-17942 were collected collected by Solovye- NS NNREE 'g
va E. N. and Dolotovskaya S. I. in Uzbekistan, R RN =
Namangan, Fergana Depression, Pabskaya Steppe, I b i %
near Chodak and Koshmior (N40.88, E70.8) on
31.05.2008. SREEEEBS
Diagnosis. A member of the Ph. helioscopus
complex based on the following combination of olxBmEER ;
morphological attributes: (1) no enlarged scales with =
spines on the sides of the head and neck; no scales with b iag g ted g
highly developed white spines resembling a fringe on =
the posterior edge of the thigh and on the sides of the — (9| | | 1o v §
base of the tail, (2) on the upper surface of the neck, a S
transverse fold of skin clearly visible, pair of pink or SISEEzlzlslE
red spots with a blue border in the cervical region on al
the sides (Bannikov etal., 1977). =lzzlzzlz
Etymology. The subspecific epithet orlovae is Z
given in honor of Valentina Fedorovna Orlova (Zoo- dlololololalwlS
logical Museum of MSU, Moscow, Russia) in S
recognition of her many contributions to the studies of O O O
reptiles of arid areas of Central Asia. We suggest e o e
“Orlova’s sun-watcher toad-headed agama” as a §
common name in English and “raksipHas Kpyrio- 0|5 ||l |s g
ronoBka OpiioBoii” as a common name in Russian. E
Color of holotype in life (Fig. 17, according to R R P N e
A. S. Bondartsev (1954)). The primary background co-
lor of the dorsal side of the lizard's torso ranges from =238 R|= <
mouse-gray (murinus) and smoky-gray (fumosus) to
yellowish-brown (flavo-fuscus) and ochre (ochraceus). D5 =[S R]R |56 <
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Fig. 15. Photographs of Ph. saidalievi orlovae ssp. nov. holotype
(ZMMU R-12802): a—dorsal view; b —head in lateral view; ¢ — ventral

view; d—head in frontal view; e —head in dorsal view

It significantly depends on the color of the sub-
strate, occasionally even appearing grayish-purple
(griseolo-violaceus), salmon-colored (salmoneus), or
bluish-green (glaucescens), and pale turquoise (pallid-
callainus).

On the head, gray (or black) speckles and reddish-
brown (rubiginosus) or brownish-red (fuscato-rubidus)
stripes bordered by a black line, approximately one sca-
le in width (which frames the eye areas from the inside).

In the cervical region, pairs of blood-red (san-
guineus), red (ruber), or carmine-red (carminatus) spots
with a blue (caeruleus), bluish (caerulescens), or pale
blue (pallid-caeruleus) inner border.

Along the back and at the base of the
tail, paired rusty (ferrugineus), red-brown (ru-
biginosus, fuscato-rubidus), sometimes even
orange-red (aurantius), or chrome-orange
(aurantiacus) spots, often with a black scale
atthe center.

On the sides of the torso, three pairs of
dark or sometimes dirty-brownish-purple
(sordid violaceus) spots of varying shapes
(with the middle ones being less intense in
color or absent).

On the sides of the tail, pairs of dark-
brown (brunneus) spots or stripes arranged
in a checkerboard pattern in the distal part of
the tail, often with a lightening in the center
ofthe spots.

Individual dark spots on the shins,
thighs, and toes on the upper sides of the front
and hind limbs. Individual white, bluish (cae-
rulescens), or pale blue (pallid-caeruleus)
speckles, each about 1-3 scales in size, may
be on the thighs and upper side of the torso.

The underside of the torso white, and
in males, the distal part of the tail blue (cae-
ruleus). In females, the juvenile yellowish-
green (flavor-virens, chlorinus) or greenish (viridulus,
pallido-viriduls) coloration persists longer not only in
the proximal but also in the distal part of the tail on the
underside. The underside of the head often has grayish
spots that typically blend into a marbled pattern, more
distinctly expressed in males. They also often exhibit
a “tie” on the chest — a longitudinally elongated spot
between the front limbs across the chest area,
consisting of small dark speckles whose intensity
varies with the lizard's emotional state.

Variation of paratypes. Measurements and pho-
lidosis counts of paratypes are shown in the Table 8.
SVL 50.0-56.4 mm in males, 47.5-55.3 mm in fema-

Fig. 16. Photographs of Ph. saidalievi orlovae ssp. nov. type series: ZMMU R-12768, ZMMU R-17943, ZMMU R-12802,
ZMMU R-17935-17942

COBPEMEHHAS I'EPITIETOJIOT U 2025 T. 25, Bbim. 1/2 73



E. N. Solovyeva, E. A. Dunayev, R. A. Nazarov et al.

-
10" [1e” |1o” |1o0” |10 g 12 g % g % ”
PRERERRR R | F
. 32333353235 *
S LB EEErSRRE 2
. FEEEEZEEEEEE :
? (REEPREEElEE &
o o oo o oo
o =
= [}
G 2
< 7
S ngRRB2Lgngda B
s SlRggBEBsRES €
» 5
6 ol R D@D o
| 23BEREREEEEN 2
o —_
a u| &
5 2ER3iceRBERE 2
. . .. 7 — |00 | |Ww Ro|O|w|w|g »n
Fig. 17. Photographs of Ph. saidalievi orlovae ssp. nov. 8 =8
inlife & Llhelzlelzll Lellolel B
= SelgEmERRREL g
les, TL 62.1-72.3 mm in males and 50.3-69.9 in g N O Y S R B g
females, SVL/TL 0.7-0.8 in males and 0.73-0.84 in N i N N e T =3
females. Length of tibia 10.9—15.5 mm in males and il et RY
10.5-13.6 mm in females. 13-22 scales located across RRBeRBERERRS
the cap in different rows, nasal shields separated by o=27 SR8~ E R e g
2-5 rows of longitudinally elongated scales. On the wiwwlBs2Rewggs
fourth fi f the hind limb 15-18 subdigital plat SletlsrzgnrRE &
ourth finger of the hind limb 15-18 subdigital plates. ole|w|sBg280EREl §
The pointed scales in cervical region above the neck Aol el TelelS s
spots absent; enlarged spiny scale on the shoulder P e R e e § 8
absent; usually no displaced scales in the rows of =
postorbital scales, only rarely; large scales among the ZHERRSIGES G E L
. . olrRONOD|L QR |R|H
posterior upperlabials absent; the elongated scales Sl il e e i I
around the trace of the yolk sac found and absent in =zlslEzlEE kR
equal measure; 2—4 scales between the large anterior wolRBe 8RR B+ S
supraorbital and nasal plates; between the anterior —
edges of th ituated £l les that PEREL S emER e
ges of the eyes situated a group of large scales tha =~SRERE R~ 0=
do not form two distinct longitudinal rows between
IR ISR PN N PN NPT
theeyes. . . PR RRRRER R
Distribution. Uzbekistan, Fergana Valley, right
bank of the Syrdarya River (Fig. 18). w10 o 9w o191 =
; i - olo|n22a B E|SR IS
Comparisons with other subspecies. The new 8
subspemeg can be differentiated from other specimens N O Y T T P P N T T P =
of Ph. helioscopus s.s. complex by the SVL/TL ratio, =
although not from Ph. s. saidalievi: in both Ph. saida- N Y Y O Y O R Y
lievi subspecies SVL/TL for males <0.8 and >0.8 for bt il bl il et bl A R R
other lineages, for females this is <0.85 and >0.85 =
accordingly. Ph. saidalievi orlovae can be differentia- R R R IR B S Y
ted from Ph. s. saidalievi by V. lab. (number of lower @
labial scales): 12—16 in Ph. saidalievi orlovae vs. 17— ISINIS SN S IN SN BRI
19 in Ph. saidalievi saidalievi. 2
DISCUSSION S| |%|T |R|% |B]% B2 (8|0
Our results show significant differentiation ;U
between populations of Ph. helioscopus from Karatau NI = IR el =
Ridge and other representatives of the Ph. helioscopus S
complex. According to Solovye\{a et al. (2023), even lalolololodolololol o
the formal threshold of p = 3.0% in COl mtDNA gene
suggests a significant differentiation of Phrynoce- SIEIENEN A AN N
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b

Fig. 18. Natural habitat of Ph. saidalievi orlovae ssp. nov.
Pabskaya Steppe adyrs: @ — the view from the hill, b —the plain in

front of the adyrs

phalus taxa warranting taxonomic recognition; this
level of divergence was more congruent with the
traditional morphology-based species delimitation
schemes in Phrynocephalus than higher divergence
values. Our data agree with Solovyeva et al. (2023)
and Wu et al. (2023) in recognizing Ph. h. cameranoi
as asister taxon of Ph. helioscopus karatauensis ssp. nov.
from Karatau Ridge, while geographically closely dis-
tributed Ph. varius appears to be phylogenetically far
rela-ted to the latter. The uncorrected p-distance in the
COI gene between Ph. helioscopus karatauensis ssp.
nov. and Ph. h. cameranoi is 5.1%, which is generally
higher than the interspecific genetic distance observed
in the genus Phrynocephalus (Solovyevaetal., 2023).

The Fergana Sunwatcher Toad-headed agama,
Ph. saidalievi was described from the “...vicinity of
the Kanibadam village (Tajik part of the Fergana Val-
ley)” in Tajikistan (Sattorov, 1981; p. 7). Kanibadam
village is situated approximately at 40° 17 N, 70°25 E,
on the left bank of the Syrdarya River, therefore,
we assume that the type series of Ph. saidalievi was
collected from the left bank of the river. Phry-
nocephalus saidalievi orlovae ssp. nov. was recor-
ded in the Uzbeki part of the Fergana Valley on the

right bank of the Syrdarya River. The samples of
Ph. saidalievi used in our study were collected on
the left bank of the Syrdarya River, though we lack
specimens or sequences of Ph. saidalievi from the
area close to the type locality in the Tajik part of
the Fergana Valley. Therefore, further sampling
across the Fergana Valley is required to obtain a
better understanding of Ph. saidalievi differentia-
tion and phylogeography. We argue that it is highly
likely that the Syrdarya River valley might serve
as a barrier separating the range of Ph. saidalieviin
two geographic populations, corresponding to two
subspecies: Ph. s. saidalievi on the left bank and
Ph. saidalievi orlovae ssp. nov. on the right bank.
It is remarkable that similar patterns were recently
reported for other desert-associated species of rep-
tiles in the Fergana Valley, for example in the A/so-
phylax geckos (Nazarov etal., 2023).

The morphological differences between
Ph. helioscopus karatauensis ssp. nov., Ph. saida-
lievi orlovae ssp. nov., and other representatives
of the Ph. helioscopus species complex may be
sometimes slight and intermediate in the museum
specimens, but some of the examined features
appear to be good enough for identification of these
taxa. Interestingly, the diagnostic key for identifi-
cation of Ph. helioscopus species complex mem-
bers proposed by Solovyeva et al. (2012), if applied
to the Karatau Ridge population described herein
as Ph. helioscopus karatauensis ssp. nov., leads to
the dichotomy between Ph. h. varius and Ph. h. ca-
meranoi. Indeed, when compared to these two taxa,
the newly described subspecies Ph. helioscopus kara-
tauensis ssp. nov. shows somewhat ‘intermediate’
state condition in the character of the presence of
elongated scales surrounding the umbilical marking:
some specimens have elongated scales around the
umbilical marking, while others lack such scales.
However, the large scales above the posterior supra-
labials are generally absent, which closely resembles
the morphology observed in Ph. varius.

Acknowledgements

Authors are grateful to the colleagues who took
part in the fieldwork and material collection or helped
with permits preparation: A. P. Lisachev, L. Luneva,
S.S. Zhukova, E. V. Leveschina, D. V. Arkhipov, and
to A. Y. Presnyakov. We want to thank the Institute of
Zoology of Republic of Kazakhstan (IZ RK,
Kazakhstan, Almaty), and personally M. A. Chirikova
for support of our work and help with obtaining the
necessary permits. For permission to study specimens
under her care and for a long-standing support and
encouragement, we express our thanks to V. F. Orlova
(ZMMU).

COBPEMEHHAS I'EPITIETOJIOT U 2025 T. 25, Bbim. 1/2 75



E. N. Solovyeva, E. A. Dunayev, R. A. Nazarov et al.

REFERENCES

Barabanov A. V., Ananjeva N. B. Catalogue of the
available scientific species-group names for lizards of the
genus Phrynocephalus Kaup, 1825 (Reptilia, Sauria,
Agamidae). Zootaxa, 2007, vol. 1399, pp. 1-56.
https://doi.org/10.11646/zootaxa.1399.1.1

Bannikov A. G., Darevsky 1. S., Ishchenko V. G.,
Rustamov A. K., Szczerbak N. N. Guide to Amphibians
and Reptiles of the USSR Fauna. Moscow, Prosvesh-
chenie, 1977. 415 p. (in Russian).

Bondartsev A. S. Color Scale (a manual for biolo-
gists in scientific and applied research). Moscow, Lenin-
grad, USSR Academy of Sciences Publ., 1954. 28 p. (in
Russian).

De Queiroz K. Species concepts and species de-
limitation. Systematic Biology, 2008, vol. 56, iss. 6,
pp- 879-886. https://doi.org/10.1080/10635150701701083

Dufresnes C., Poyarkov N. A., Jablonski D. Ac-
knowledging more biodiversity without more species.
Proceedings of the National Academy of Sciences of
the United States of America, 2023, vol. 120, no. 40, arti-
cle no. €2302424120. https://doi.org/10.1073/pnas.
2302424120

Hall T. BioEdit: A User-Friendly Biological Se-
quence Alignment Editor and Analysis Program for Win-
dows 95/98/NT. Nucleic Acids SymPh. ser., 1999,
vol. 41, pp. 95-98.

Huelsenbeck J. P., Ronquist F. MRBAYES: Baye-
sian inference of phylogeny. Bioinformatics, 2001,
vol. 17, pp. 754-755.

iNaturalist database. Available at:
https://www.inaturalist.org (accessed May 3, 2024).

Ivanova N. V., DeWaard J., Hebert P. D. N. An
inexpensive, automation friendly protocol for recovering
high quality DNA. Molecular Ecology Notes, 2006, vol. 6,
iss. 4, pp. 998-1002. https://doi.org/10.1111/j.1471-
8286.2006.01428.x

Kalyaanamoorthy S., Minh B. Q., Wong T. K.,
Von Haeseler A., Jermiin L. S. ModelFinder: Fast mo-
del selection for accurate phylogenetic estimates. Nature
Methods, 2017, wvol. 14, iss. 6, pp. 587-589.
https://doi.org/10.1038/nmeth.4285

Lé S., Josse J., Husson F. FactoMineR: A package
for multivariate analysis. Journal of Statistical Software,
2008, vol. 25, no. 1, pp. 1-18. https://doi.org/110.18637/
jss.v025.i01.

Macey J. R., Schulte J. A., Ananjeva N. B., Van
Dyke E. T., Wang Y., Orlov N., Shafiei S., Robinson M.
D., Dujsebayeva T., Freund G. S., Fischer C. M., Liu D.,
Papenfuss T. J. A molecular phylogenetic hypothesis for
the Asian agamid lizard genus Phrynocephalus reveals
discrete biogeographic clades implicated by plate tecton-
ics. Zootaxa, 2018, vol. 4467, no. 1, pp. 1-81.
https://doi.org/10.11646/zootaxa.4467.1.1

Melnikov D., Melnikova E., Nazarov R., Radjabi-
zadeh M. Taxonomic revision of Phrynocephalus persi-
cus De Filippi, 1863 complex with description of a new

species from Zagros, Southern Iran. Current Studies in
Herpetology, 2013, vol 13, iss. 1-2, pp 34-46.

Minh B. Q., Nguyen M. A. T., von Haeseler A.
Ultrafast approximation for phylogenetic bootstrap. Mo-
lecular Biology and Evolution, 2013, vol. 30, iss. 5,
pp. 1188—1195. https://doi.org/10.1093/molbev/mst024

Nagy Z. T., Sonet G., Glaw F., Vences M. First
Large-scale DNA barcoding assessment of reptiles in the
biodiversity hotspot of Madagascar, based on newly de-
signed COI primers. PLoS ONE, 2012, vol. 7, article
no. €34506. https://doi.org/10.1371/journal.pone.0034506

Nazarov R. A., Abduraupov T. V., Shepelya E. Y.,
Gritsina M., Melnikov D. A., Buehler M. D., Lapin J,,
Poyarkov N. A., Grismer J. L. The Fergana Valley is an
isolate of biodiversity: A discussion of the endemic her-
petofauna and description of two new species of Al-
sophylax (Sauria: Gekkonidae) from eastern Uzbeki-
stan. Animals, 2023, wvol. 13, article no. 2516.
https://doi.org/10.3390/ani13152516

Nguyen L. T., Schmidt H. A., von Haeseler A.,
Minh B. Q. IQ-TREE: A fast and effective stochastic al-
gorithm for estimating maximum likelihood phylogenies.
Molecular Biology and Evolution, 2015, vol. 32, iss. 1,
pp- 268-274. https://doi.org/10.1093/molbev/msu300

R Core Team. R: A Language and Environment
for Statistical Computing. Vienna, Austria, R Foundation
for Statistical Computing 2021. Available at:
https://www.R-project.org (accessed May 3, 2024).

Rambaut A., Drummond A. J. Tracer vi. 5. 2007.
Available at: http://beast.bio.ed.ac.uk/Tracer (accessed
May 3, 2024).

Ronquist F., Huelsenbeck J. MrBayes 3: Bayesian
phylogenetic inference under mixed models. Bioinforma-
tics, 2003, wvol. 19, iss. 12, pp. 1572-1574.
https://doi.org/10.1093/bioinformatics/btg180

Sambrook J., Fritsch E. F., Maniatis T. Molecular
Cloning: A Laboratory Manual. 2nd ed. New York, Cold
Spring Harbour Laboratory Press, 1989. 385 p.

Sattorov T. Phrynocephalus helioscopus saidalievi
ssp. n. (Sauria, Reptilia) — a new subspecies of the toad-
headed agama from Fergana Valley. Vestnik Zoologii,
1981, vol. 1, pp. 73-75 (in Russian).

Solovyeva E. N., Poyarkov N. A., Dunayev E. A,
Duysebaeva T. N., Bannikova A. A. Molecular differen-
tiation and systematics of superspecies complex of sun-
watcher toad-headed agama Phrynocephalus superspecies
helioscopus (Pallas 1771) (Reptilia: Agamidae). Geneti-
ka, 2011, vol. 7, pp. 952 — 967.

Solovyeva E. N., Dunayev E. A. Poyarkov N. A.
Subspecies systematics of the species complex of sun-
watchet toad-headed agama (Phrynocephalus helioscopus
(Pallas 1771)) (Squamata, Agamidae). Zoologicheskiy
zhurnal, 2012, vol. 91, no. 11, pp. 1-20 (in Russian).

Solovyeva E. N., Lebedev V. S., Dunayev E. A.,
Nazarov R. A., Bannikova A. A., Che J., Murphy R. W.,
Poyarkov N. A. Cenozoic aridization in Central Eurasia
shaped diversification of toad-headed agamas (Phryno-

76 COBPEMEHHAA I'EPITIETOJIOT U 2025 T. 25, Bemm. 1/2



Filling gaps in the taxonomy of the Phrynocephalus helioscopus species complex

cephalus; Agamidae, Reptilia). PeerJ, 2018, vol. 6, arti-
cle no. e4543. https://doi.org/10.7717/peerj.4543

Solovyeva E. N., Dunayev E. A., Nazarov R. A,
Bondarenko D. A., Poyarkov N. A. COIl-barcoding and
species delimitation assessment of toad-headed agamas
(genus Phrynocephalus, Agamidae, Squamata) reveal un-
recognized diversity in Central Eurasia. Diversity, 2023,
vol. 15, iss. 2, article no. 149. https://doi.org/10.3390/
d15020149

Vaissie P., Monge A., Vaissie F. H. Package ‘Fac-
toshiny’. 2024. https://doi.org/10.32614/CRAN.package.
Factoshiny

Wu N., Wang S., Dujsebayeva T. N., Chen D.,
Ali A., Guo X. Geography and past climate changes have
shaped the evolution of a widespread lizard in arid Cen-
tral Asia. Molecular Phylogenetics and Evolution, 2023,
vol. 184, article no. 107781. https://doi.org/10.1016/
j-ympev.2023.107781

COBPEMEHHASA I'EPIIETOJIOI'MS 2025 T. 25, Boim. 1/2 77



E. N. Solovyeva, E. A. Dunayev, R. A. Nazarov et al.

3AITIOJIHEHHUE ITPOBEJIOB B CUCTEMATHUKE TAKBIPHBIX KPYI'JIOT'OJIOBOK:
OIIMCAHHUE JIBYX HOBBIX 10/IBU1OB BUJOBOI'O KOMIIVIEKCA
PHRYNOCEPHALUS HELIOSCOPUS (REPTILIA, SQUAMATA, AGAMIDAE)

E. H. ConoBbeBa '™, E. A. Jlynaes ', P. A. Hazapos !,

T. B. Adaypaynos 2, H. A. Ilosipkos 3

! Hayuno-uccredosamenvckuii 3oono2uyeckuti myseii

Mockosckozo eocydapcmeennozo ynusepcumema um. M. B. Jlomonocosa

Poccus, 125009, . Mocksa, yn. Bon. Hukxumckas, 0. 2
2 Hncmumym 300n02uu Axademuu nayx Ysbexucmana

Pecnyonuxa ¥3bexucman, 100053, e. Tawxenm, yn. Bacuwamon, 0. 2326
3 Mockosckuii 2ocydapemeennbwiii ynusepcumem um. M. B. Jlomornocosa

HNudopmanus o crarbe

Opueunanvhas cmambvsi
YK 598.112.13 (597)

https://doi.org/10.18500/1814-6090-2025-25-

1-2-53-78
EDN: VIZVHF

IToctynuna B pegaxuuto 14.08.2024,
nocie gopaborku 22.10.2024,
npunsra 06.11.2024

Cratbsi omyOJMKOBaHa Ha YCIIOBHSX
munen3un Creative Commons Attribu-
tion 4.0 International (CC-BY 4.0)

Poccus, 119234, 2. Mocksa, Jlenunckue opwl, 0. 1, kopn. 12

Annoramus. Kommnexc Bunos Phrynocephalus helioscopus TImaTensHO U3ydascs B MOCIECHAES
TOZBI, OJTHAKO HECKOJIBKO (PMIIOTCHETHYECKHX JIMHUI OCTAaBAJIMCh HEJOCTATOYHO M3YYCHHBIMH.
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(mtAHK) B HacTosmieil cTathe B cocTaBe BUAOBOrO Komiuiekca Phrynocephalus helioscopus
OTMCAaHBI 1Ba HOBBIX noaBuaa: Ph. helioscopus karatauensis ssp. nov. u3 oKpecTHOCTeH xpedTa
Kaparay B Kazaxcrane u Ph. saidalievi orlovae ssp. nov. ¢ mpaBoro oepera p. AMynapbs B
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xpebet Kaparay, Phrynocephalus saidalievi, ®epranckas nonuna, JJHK-mtpuxkomupoBanue,
Mop¢doMeTpusi, OKpacka

®dunancupoBanue: lccienoBaHue BBINOIHEHO NpU (MHAHCOBOM monuepxkke Poccuiickoro
HayuHoro ¢onna (PH® 22-14-00037-11; moneBsie paboThl, cOOp 00pa3IoB, FKCIepTH3a 00pas-
[IOB, MOJICKYJISIPHO-(HIOTeHETHYECKUH aHalu3, aHauu3 JaHHbIX) U Poccuiickoro ¢ouna ¢yH-
IaMeHTanbHbIX ucciepoBanuii (PODPU 20-54-56033; moneBbie paboTHI, cOOp 00pasIoB); Xpa-
HeHHe 00pa3IoB MPOBOAMIOCH B paMkax ['ocymapcTBenHoro mpoekta (Ne 121032300105-0).
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