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Abstract. For two decades after an occasional introduction in the middle of the 20th century, marsh frogs
(complex Pelophylax ridibundus) have spread across many water bodies of Central Kazakhstan (Kazakh Upland, KU).
The questions of which genetic forms of the complex have become entrenched in the region and how successful
the progress of their present settlement has been were priorities for our study. The survey of the region was car-
ried out in May-August 2021, covering the seasons of mating and early growth. Molecular genetic analysis was per-
formed for the mitochondrial ND2 gene. In contrast to what had been expected, our study showed a reduction in
the area inhabited by marsh frogs in KU, and a noticeable decrease in their abundance. The frogs disappeared
from many points in the Nura and Ishim rivers, and significantly decreased in number on the western and northern
coasts of Lake Balkhash. However, it remained a common species in the floodplain of the Irtysh Rivers and on its
tributaries. For the first time for the KU the genetic affiliation of the populations (by mitochondrial ND2 gene) was
determined and the habitation of two genetic forms — the invasive Anatolian P. cf. bedriagae and the native "Bal-
khash" form. The habitat of P. cf. bedriagae was established as being on the northern coast of Lake Balkhash.
The native "Balkhash" form was identified on the western coast of Lake Balkhash and in the River Shar (Irtysh Riv-
er Basin). In the rest of the KU, the distribution of the two forms was variegated, and in a number of water bodies
they lived together. To the north of KU lives Anatolian P. cf. bedriagae (in Kostanay and Pavlodar provinces);
and to the south the "Balkhash" form (in the Balkhash-Ili Depression, Almaty City and Lake Issyk-Kul). The relation-
ship between a change in climatic cycles and the success of the past dispersal of amphibians and the present re-
duction in their populations in the region has been marked. The disappearance of the frogs on Lake Balkhash
is most likely due to the dispersal of the snakehead (Channa argus). Molecular genetic analysis data indicated
a wider distribution and wider adaptive potential of P. cf. bedriagae than previously thought. The study identified
a number of promising tasks for future.
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AHHOTaUMA. 3a A4Ba AeCATU/IeTUA NOC/Ie HernpegHaMepeHHON MHTPOAYKLMM B CepeaunHe NPOLL/IOro BeKa 03ep-
Hble sarywku (komnsekc Pelophylax ridibundus) ocsowan muorue Bogoembl LeHTpasibHoro KasaxcraHna (Kasax-
CKMIA MEKOCOMOYHUK, KM), XOTA NpUpoAHbIe YC/1I0BUA TEPPUTOPUM MaNo TOMY CnocobCTBOBaAW. Bomnpock! o Tom,
Kakue reHeTuveckne GopMbl KOMIM/IEKCA YKPENU/IUCD B PErMOHE M HAaCKO/IbKO yCrelleH Nporpecc UX HacTOALLLero
paccesieHus, OblM NMPUOPUTETOM Hallero ucciegosaHudA. O6c/eg0BaHMe pernoHa NpoBOAW/IOCL B Mae-aBrycre
2021 r., OXBaTblBaA C€30Hbl Pa3MHOXEHUA U NOAPOCTa MO/0AHAKA. MO/eKy/NIAPHO-TeHeTUYeCKMI1 aHa/In3 NpoBO-
AWAN IO MUTOXOHApHaZibHOMY reHy ND2. Boripeku oxngaemomy Halwe mncc/ieg0BaHWe MoKasasnio COKpalleHue
TeppuUTOPUM, Hace/IeHHOM O3epHbIMM AAryLWKamMu B KM, 1 3ameTHOe CHUXeHHe UX 0bunusa. /Iarylika ncyesna ums
MHOIMX MYHKTOB A0/MH pek Hypa u Mwwmm, 3amMeTHO COKpaTU/Iach B YMC/Ie Ha 3anagHOM M ceBepHOM Beperax o3e-
pa banxaw. OgHaKo oHa 0cTanacb OObIYHBIM BUAOM B NMoime p. UpThIl 1 Ha ee NpUTOKax. Bnepsble 414 pernoHa
Obla onpeseneHa reHeTUYeCKan MPUHAA/IEXKHOCTb MOMY/AUMNA U YCTaHOB/EHO OOWUTaHWe ABYX reHeTUYeCKUX
$opmM — WHBA3MBHOM aHaTo/miickoi P. cf. bedriagae v HatTuBHOM «banxawckoi» ¢opmbl. ObuTaHMe
P. cf. bedriagae yctaHoB/neHO AnA ceBepHoro H6epera o3epa basxal. HatuBHaa «banxaluckasa» ¢popma ugeHTUdu-
LUMpOBaHa Ha 3anagHom bepery bazxawa u B 6acceiHe p. lLap — neBom nputoKke UpTbiwa. Ha ocTanbHOM Teppu-
Topun KM pacnpegenerune aByx GOpM MMeeT MecTpblii XapakTep, U B pAje BOAOEMOB OHM OBWUTAIOT BMecTe.
K ceBepy oT KM xuBeT aHaTo/miickan P. cf. bedriagae (KycTaHaiickas v MaBrogapckasa 061acTn); K tory — «6an-
xawickan» dpopma (basnxaw-Uamickas BnaguHa, r. AaMatsl 1 03epo Mccbik-Ky/b). OTMeuYeHa CBA3b ycrnexa pacce-
/NeHna amdubuit B NPOLL/IOM U HaCTOALLLEr0 COKPaLLEeHUA MX NOMYAALMIA CO CMEHOM KAMMATUYECKUX LIMK/IOB B pe-
rmoHe. McuesHoBeHMe /Aryllek Ha o3epe basxall, BepoATHee Bcero, obyc/10B/€HO pacce/ieHMeM 3Meero/10Ba
(Channa argus). [laHHble MO/EKY/IAPHO-TEHETUYECKOro aHa/Mn3a yKasanm Ha 6o/1ee LUMPOKOoe pacnpoCTpaHeHue u
60/1ee WMpOKUIA aganTuBHbIN noTeHuman P. cf. bedriagae, yem npegcraBaanoch paHee. MccnegoBaHne onpegenu-
/10 PAA NepCrNeKTUBHBIX 3a4a4 Ha byayLiee.

KntoueBble cnoBa: komnaekc Pelophylax ridibundus, guHamuka paccesnenus, reHeTu4eckoe pasHoobpasue, mu-
TOXOHAPMaZbHbIN reH ND2, KazaxcKkuii Me/nKOCONMOYHMK
duHaHcupoBaHue. PUHAHCMpOBaHMe paboTbl OCYLLECTB/AETCA B paMKax rpaHToBoro npoekta MOH PK «leHeTuyeckuit noimmopdusm u

5KO/IOTMYECKaA MNACTUMHOCTb KaK OCHOBA 3BO/IIOLMOHHOIO 61ar0COCTOAHMA U MPOrPEeCCUBHOTO PACcCe/IeHUA 03ePHbIX /IAryLLIEK Komriiekca Pelo-
phylax ridibundus B KasaxcraHe» Ha 20202022 rr. (N2 AP08856275).

BaarogapHocTu. ABTOpbl 6/1arogapHsl C. A. MauuHy (Anmars), E. B. Apxunosy, C. . BaaTawesoit v t0. BoccepT (Bypa6ait), H. E. Tapacos-
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martepuang; 4. B. ManaxoBy 3a TEXHUYECKYIO MOMOLLb B NMOATOTOBKE KapT pacrpoCTpaHeHua 03epHbix asarywek; R. Sim (http://www.expert-
english.com) u G. Dyke 3a KOppeKTYpy aHr/IMIACKOro TeKcTa.
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HU4eHKo A. B., XpomoB B. A. O3epHble asarywku (komnaekc Pelophylax ridibundus) B LleHTpanbHom KasaxcraHe:
3KcnaHcuA U oTcTynsenue [/ Russian Journal of Ecosystem Ecology. 2021. Vol. 6 (3). https://doi.org/10.21685/2500-
0578-2021-3-3
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Introduction

The marsh frogs of the Pelophylax ridibundus
complex represent the amphibian fauna of the
Western Palearctic. In the past, they were consid-
ered as a single species Rana ridibunda Pallas,
1771 with the original distribution area in Europe;
the European part of Russia; western and southern
Kazakhstan, along with valleys of the large rivers
of the Central Asia; and north Africa [1]. The tax-
onomic composition of the complex has not been
definitively established, but many forms are charac-
terized by high ecological plasticity and a pro-
nounced capacity for expansion. Accidental intro-
duction of Balkan P. kurtmulleri and Anatolian
P. cf. bedriagae in the countries of central and west-
ern Europe led to the rapid colonisation of new terri-
tories by frogs, which posed a serious threat to indig-
enous amphibian species and not only to them [2].

A similar story is to be found in the dispersal of
the northern form of P. ridibundus, which adapted
to the Ural and Siberian climates and took root
in Kamchatka, albeit in thermal waters [3-6].
Kazakhstan was no exception. Until the middle of
the last century, the range of marsh frogs was lim-
ited to the western and southern regions of the
country, with doubts about its actual presence in
the southeast [7, 8]. During the second half of the
20th century, the area almost doubled, and the cen-
tral regions of Kazakhstan (the territory of the Ka-
zakh Upland) became one of the most striking ex-
amples of the expansion of these amphibians. Here,
in the center of the Eurasian continent, in conditions
of a sharply continental climate, a poorly developed
hydrographic network and noticeable salinity in
standing waters, marsh frogs were absent until the
last century. They appeared in Karaganda City and
its environs in the late 50s and early 60s [9] and
very quickly (over two decades) became widely
settled along the Nura River, its tributaries, ponds
and the man-made Irtysh-Karaganda Channel [8].

Marsh frogs were first noted in the bays of the
western shore of Lake Balkhash in 1951 by
M. N. Korelov [10], suggesting its appearance
there in 1909-1939 during a period of flooding in
the area. By the end of the 2000s, the frog had also
settled along the freshwater part of the northern
shore of Balkhash and appeared in a man-made
pond and in small rivers near Bektau-Ata Mount,
70 km to the north of Balkhash [11]. The reasons
for such a successful colonisation of new areas by
the amphibians are not fully understood; but the
role of climate and human activity has been dis-
cussed [1, 12].

Several cryptic forms of marsh frogs have re-
cently been isolated using molecular genetic meth-
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ods, possibly representing separate species [13-15].
According to Akin [16], there are two forms within
Kazakhstan with a taxonomic status which is un-
clear: Anatolian P. cf. bedriagae (located in Aktu-
binsk, Atyrau (former Guryev), and Uralsk); and,
in all likelihood, an undescribed species, conven-
tionally named "Central Asia 2" (Almaty).

More than fifteen years have passed since the
distribution of marsh frogs in Kazakhstan was first
monitored. Against the background of the amphib-
ians spreading further across the European part of
the continent and their progressive settlement in
the Asian expanses, the current situation in Central
Kazakhstan is of obvious interest. Bearing in mind
(1) the complete lack of data on the genetic affilia-
tion of populations; (2) current climate change on
the regional scale; and (3) the increasing economic
activity of humans, we set ourselves the goal of
conducting a revision survey of the area of the Ka-
zakh Upland in order to assess the current situation
as regards the distribution of marsh frogs in the
region, accompanying our research with genetic
screening.

Materials and methods

Study area. The Kazakh Uplands (KU) is a vast
flat-upland area located in the center of Eurasia.
According to Gvozdetsky and Mikhailov [17], KU
and Central Kazakhstan are equivalent concepts
and therefore in modern sources the name "Central
Kazakhstan Upland" is sometimes used [18]. KU is
bounded to the north by the West Siberian Low-
land; to the south by Lake Balkhash; in the west by
the Turan Plain; and in the east it is adjacent to the
Altai and Tarbagatai mountain ranges. Its length from
west to east is 1200 km and from north to south
400-900 km. Its area is about 700 thousand km?.
The territory is subdivided into three main types of
relief. These are low mountains, upland and plains.
It includes the Central Kazakhstan Main Water-
shed Upland (or insular lowlands and upland of the
Balkhash-Irtysh Watershed); the Kokchetauskaya
and Ulytau low-mountainous hills and the Chu-1li
Lowland in its most northern part as well as denu-
dation plains with areas of shallow hills and hol-
lows along the periphery of the region [18-20].
The maximum heights of the main mountain rang-
es (the Kyzylrai, Karkaralinsk Mountains and
Kent) are 1360-1560 m asl.

The climate of KU is temperate, sharply conti-
nental, and arid [21, 22]. The average January
temperature is 14-17 °C below zero and that of
July 19-22 °C (higher in the Chu-Ili Lowland).
Minimum temperatures reach 40 °C below zero,
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while summer temperatures rise to 35 °C. The av-
erage annual precipitation is 200300 mm (up to
370 mm in the northern mountain ranges); the
snow cover is thin; and droughts are frequent in
summer [23].

The location in the center of the continent and
the peculiarities of the climate determine the low
water content of the river network and the low lev-
el of desalination of the lakes. Only the River
Ishim (Irtysh River Basin) is characterized by con-
stant inflow: the other large rivers — the Nura,
Sarysu, Silyty, Shiderty, and Tokyrau — are full-
flowing in spring, while in summer the water level
in them decreases noticeably or they dry up partial-
ly or completely. It is normal for the larger rivers
to freeze up while the smaller ones freeze com-
pletely to the river bed. In KU there are few lakes
and these tend to be predominantly slow-flowing
and enclosed. The two major ones are Lake
Kurgaldzhino and Lake Teniz. Along with bodies
of water which are fresh and brackish, there are
bodies of water which are salt, with a mineraliza-
tion level of 10-44 g/I. In Lake Teniz this is 81—
127 g/l. Groundwater occurs at a depth of 5-15 to
30-50 m [24, 25].

The northern part of the KU belongs to the
steppe zone with forb-fescue-feather grass vegeta-
tion on southern partially plowed black soils; and
in the centre there is a dry steppe zone with fescue-
feather grass vegetation on dark chestnut (also
partly plowed) and chestnut soils. The south and
east mostly represent semi-desert landscapes: here
are combined steppe (sod-grass) and desert
(wormwood and saltwort) plant communities under
the dominance of light chestnut soils. A small area
to the southeast of Balkhash lies in a desert zone
[26, 27]. The dominance of dry steppes in KU
landscapes, and in the southern part of semi-
deserts, is well captured in the name of the area:
Saryarka, which is Kazakh for "yellow ridge".

Obiject of the research — the marsh frogs of Pel-
ophylax ridibundus complex.

Field data collection. The area of the KU was
investigated in 2021 during the summer time: from
4 to 14 May, 15 June to 20 July and 19 to 30 Au-
gust, covering the seasons of mating and early
growth. Within the Central Kazakhstan main wa-
tershed upland, the Nura River Basin was exam-
ined (the main channel, tributaries, lakes and
ponds, both freshwater and of varying degrees of
salinity); the northern Balkhash Region (a section
of the freshwater half of the lake); and the basin of
the River Ayaguz on the eastern periphery of the
KU. The route surveys also covered the reservoirs
of the Kokchetau Upland and the adjacent plains;
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the western shore of Lake Balkhash within the
Chu-Ili Lowlands; the left tributaries of the River
Irtysh to the southward of Semipalatinsk and in the
vicinity of Ust-Kamenogorsk.

Water reservoirs were visited where encounters
of marsh frogs had been mentioned in previous
studies; and after that the new areas were exam-
ined. The frogs and their larvae were recorded in
the daytime and/or at night with obligatory GPS
fixes of the location points. Along the way, we
described the features of biotopes and collected ma-
terial for molecular analysis. The counts of adult
and juvenile frogs were carried out on standard tran-
sects of 100 m along the coast with a strip of 1 m;
and tadpoles were counted over an area of 1 m?.
To construct the maps (Fig. 1,A,B), the coordinates
of marsh frog records known before 2005 were
taken from Dujsebaeva et al. [8]. The records for
2006-2020 were borrowed from the unpublished
database of the first author. To show the amount of
2021 work and the percentage of frog encounters,
we placed on the map the points where the frogs
were present and absent. The points with frogs are
marked in bold (APPENDIX 1).

Molecular genetic analysis. The finger phalan-
ges from the frogs examined (APPENDIX II) were
fixed in 96% ethanol further processed in the lab
via genomic DNA extraction using a standard salt
protocol [28]. The ND2 gene sequence (1038 bp)
was amplified with use of the universal primer
ND2L1 5-AAG CTT TTG GGC CCA TAC CCC-3
[29] and a developed specific primer ND2H1 5'-
GCA AGT CCT ACA GAA ACT GAA G-3' PCR
products were purified for sequencing by electro-
phoresis in 6% PAAG. Sequencing was performed
using an ABI 3500 automatic sequencer (Applied
Biosystems), using BigDye Terminator 3.1 Kits
(Applied Biosystems), and the same set of primers
used for the PCR. When comparing the ND2 se-
guences of P. cf. bedriagae and "Balkhash" form
(named as "Central Asia 2" sensu Akin, 2015)
marker nucleotide substitutions were found that
affect the recognition sites of the restriction endo-
nuclease BsuRI (Haelll) GG'CC.

PCR fragments were hydrolyzed for 2—4 h
at 37 °C by adding 2—4 units of enzyme activity di-
rectly to aliquots of amplification mixtures (4 ulL).
The results of the restriction analysis are shown
in the Fig. 2. When treated with endonuclease,
the 1170 bp fragment to be amplified in the ana-
lyzed forms is cleaved into 5-7 fragments of
various lengths, which form specific restriction
patterns. This makes it possible to diagnose how
the specimens relate to the analyzed mitochon-
drial lines.
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Fig. 1. Distribution data of the marsh frogs in the Kazakh Upland collected during the last 70 years (A)
with the record details of the inset with oblique shading (B). The data obtained before 2005 were taken from [8].
The data for the period from 2006-2020 are from an unpublished database of the first author; and the data
for 2021 were obtained by the authors of the present paper (APPENDIX I)
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Fig. 2. Electropherogram of the products of restriction
of mtDNA of ND2 gene of the two marsh frog forms
by endonuclease BsuRl (Haelll). Wells of the gel:
no. 1 are "Balkhash"; nos. 2, 3 are P. cf. bedriagae.
Numbers on the right are the lengths of the mtDNA
fragments, base pairs. M is the marker
of the molecular length

Results

Distribution

Central Kazakhstan Main Watershed Upland.
In 2021, in the Nura River Basin, the habitat of
marsh frogs was recorded only in the middle
stream of the river in Karaganda, a suburban area
and at several points between the cities of Kara-
ganda and Temirtau. The frequency of encounters
with both adults and juveniles (tadpoles and juve-
niles with access to land) was, with rare excep-
tions, low. In the first half of June, rare adult frogs
were observed in the floodplain of the main chan-
nel of the River Nura, flowing in the Central Park
of Karaganda (see Fig. 1,B: 52). In the southern
part of the city, on the Fedorovskoe Reservoir,
frogs were relatively numerous: 20-30 adult frogs
per 100 m of the shore (see Fig. 1,B: 54, 56, 57).
On July 21 at the fish-farm ponds near the village of
Solonichki to the east of the city of Temirtau only
three juveniles were recorded; and on 7 August on
the River Solonka, which flows into the same
ponds, distinguishable frog voices were heard and
one adult was encountered (see Fig. 1,B: 65, 74).
A day later, low density tadpoles and metamorpho-
ses (3 sp./4 m?) were recorded in the southern sec-
tion of the Irtysh-Karaganda Channel which
is closest to the city (reservoir of outlet no. 29)
(see Fig. 1,B: 75; 3A).

Vol. 6 (3), 2021

In other water bodies of the middle stretches of
the River Nura, the search for frogs was unsuccess-
ful. We failed to find them in the main channel in
the vicinity of the villages of Romanovka, Akhmet,
Yntymak, and Kyzylzhar located west of Karagan-
da; in the basin of a large left tributary of the River
Nura, the River Sherubai-Nura (the rivers Sokyr and
Karagandinka; the Chkalovskoe Reservoir; and the
reservoir near the Gagarinskoe summer cottages);
in the Oshagandy River, the right tributary of the
River Nura; and in the River Nura main channel
near the village of Petrovka (east of Temirtau)
(see Fig. 1,A,B: 34, 35, 39-42, 46-50, 58-60, 77).

Our inspection of the shores of the Samarkand
Reservoir located north of Temirtau, where these
frogs were common in the 1990s, also did not yield
positive results (see Fig. 1,B: 41-45). The frogs
were absent in the mine waters of Karaganda,
where they lived in a large number in the eighties
and nineties (Atakhanova, pers. comm.; our data).
On the Samarkandskoe Reservoir, only Rana arva-
lis has been recorded in high numbers. We did not
find marsh frogs in the lower stream of the River
Nura; on the fresh and brackish lakes of the Tengiz-
Kurgaldzhin Depression (see Fig. 1,A: 26-37);
and on a stretch of the River Ishim with its tribu-
taries (see Fig. 1,A: 36-38). The frogs were absent
in the upper stream of the River Nura, including its
tributaries on the transect between the villages of
Sartobe and Sheshenkara (see Fig. 1,B: 78-81);
in the Karkaralinsk Mountains (see Fig. 1,A: 83, 84)
and on the River Ayaguz with its right tributary,
the Aigyz, flowing from the Akshatau Mountains
(see Fig. 1,A: 91-93), all of these being examined
for the first time.

Kokchetau Upland and adjacent plains. Only
R. arvalis was recorded in all the lakes and rivers
of the Shchuchinsko-Borovskoe Lake System.

The northern part of Chu-Ili Lowlands and the
denudation plains of the Kazakh Upland. In early
May, travelling along the left bank of Lake Bal-
khash, we recorded the frogs’ voices only on the
Shubartubek Peninsula (see Fig. 1,A: 89; 3B).
North of Balkhash, the frogs were still living in the
ponds of the piedmont of Mount Bektau-Ata,
where the friendly polyphonic choirs resounded in
the first part of May. A few years earlier, the frogs
had successfully taken over a spring with a small
overflow near these ponds (Fig. 3,C). However, it
froze solid with the strong drop in air temperature
and severe freezing conditions in March 2021.
In the floodplain of the River Shar (the left tribu-
tary of the River Irtysh) the frogs were common
even in late August (see Fig. 3,D). We counted 1-3
adults and twice as many juveniles along short
coastal stretches of 20-30 m.
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Fig. 3. The habitats of the marsh frogs in the Kazakh Upland:

A - Irtysh-Karaganda Channel, July 22, 2021; B — Shubartubek Peninsula, north-west bank of the Balkhash
Lake, May 15, 2021; C — the spring at the piedmont of Bektau-Ata Mount (north of Balkhash Lake)
with shallow and poor vegetation which is not typical for the marsh frogs, May 12, 2021;

D - the bank of the Shar River (left tributary of the Irtysh River), south of Semipalatinsk,

August 24, 2021. Photo by: A. Kaptyonkina (A), T. Dujsebayeva (B, C), V. Khromov (D)

The genetic composition
of the complex

According to the results of our molecular genet-
ic analysis of the ND2 gene, two of the three forms
noted for Kazakhstan were found in the area of the
Kazakh Uplands — Anatolian and Balkhash.

The sample from the Northern Balkhash Lake
Region (S13, at the foot of Mount Bektau-Ata, n = 6)
was identified as the form P. cf. bedriagae (Fig. 4).
The same form was found on the River Bukpa near
Karaganda City (S8; n = 1), which flows into the
Fedorovskoe Reservoir (S10; n = 1). However,
the "Balkhash" form lived in the Fedorovskoe Res-
ervoir itself (S9; n = 1). The marsh frogs from the
western coast of the Balkhash Lake (S14; Minaral
Peninsula, n = 1) and the River Shar (the left tribu-
tary of the Irtysh River southeast of Semipalatinsk
City) (S4; n = 5) were identified as the "Balkhash"
form. Both forms were found in the Irtysh-
Karaganda Channel (S12; oxbow Tuzdy, n = 3),
Karaganda fish hatchery (S11; n = 3), and in the

Ust-Kamenogorsk City and its environs (S6, 7;
n =2) (see Fig. 4).

Samples taken from frogs from reservoirs out-
side the Kazakh Upland showed the following pic-
ture. To the north of the KU, in the Kostanay
(S1; Toguzak river, n = 3) and Pavlodar (S2; Pav-
lodar, n = 1) regions, the form P. cf. bedriagae was
found. It was also found in the Uba River Basin
(S5; Vavilonka River, n = 1) — in the right tributary
of the River Irtysh, which flows into the Irtysh at
the middle elevation between Semipalatinsk and
Ust-Kamenogorsk.

In reservoirs on the River Mukur in the vicinity
of Semipalatinsk, both forms of the marsh frog
also live (S3; n = 5 — both forms). To the south —
within the Balkhash-Ili depression (the environs
of the Kishtobe settlement on the Karatal River
(S15; n = 4); the Ainabulak settlement in the Ili
River valley (S16; n = 1); in Almaty (S17;
the Baum grove, n = 2); and on the shores of Lake
Issyk-Kul (S18; Kyrgyzstan, n = 1) — only the Bal-
khash form has been noted so far (see Fig. 4).
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Discussion

Recent distribution of the marsh frogs
and possible reasons for its retreat
in the Kazakh Upland

Until the middle of the 20th century, marsh
frogs did not inhabit the Kazakh Upland. The con-
ditions present in the depths of the Eurasian conti-
nent, such as the continental climate, poorly devel-
oped hydrographic network, and low desalination;
and the geographical barriers presented by these
vast arid, and practically waterless spaces all mili-
tated against the natural expansion of these am-
phibians within the area. The "trigger" for the ap-
pearance and expansion of the marsh frogs in KU
can definitely be considered to be human activity —
specifically, the release of frogs from universities
and biological and medical institutes where it was
kept as a laboratory animal [8, 30]. The influence
of the stocking of pond farms also cannot be ex-
cluded. In Karaganda and its environs (the River
Bukpa), marsh frogs were already definitely being
observed at the beginning of the 1960s or even
earlier [9, 31]. Over the next couple of decades in
Karaganda and surrounding areas (Solonichki Vil-
lage and the Samarskoe and Samarkandskoe reser-

voirs), the marsh frogs formed abundant and stable
populations.

The amphibians widely settled in shallow ponds
along the channel stretching from the Karaganda to
the Irtysh River (see Fig. 1,B: 3-9). The assump-
tion about the possibility of their settlement down-
stream of the Nura River and the penetration of
frogs into the basin of the Ishim River was pro-
posed by us earlier [8]. This could be facilitated,
firstly, by the narrowness of the interfluve of the
Nura and the Ishim at the longitude of Nur-Sultan
(formerly Astana), an obstacle that could be over-
come by frogs in the years of high watering of the
territory, and, secondly, construction in the 1970s
of the Nura-Ishim Channel. Our assumption was
confirmed by the amphibians being recorded in the
water bodies of the southern outskirts of Nur-
Sultan on June 23, 2009.

The appearance of marsh frogs in the bays of the
western coast of Lake Balkhash was first reported
by M. N. Korelov [10] (see Fig. 1,4: 10-13). By the
end of the first decade of the 21st century, they
also inhabited the northern coast of the freshwater
part of the lake [12] (see Fig. 1,4: 18-25). In addi-
tion, they were recorded in a man-made pond and
in small rivers in the area of Mount Bektau-Ata,
located 70 km north of Balkhash [11]. The release
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of marsh frogs in Ust-Kamenogorsk City was car-
ried out into stagnant reservoirs of the city by stu-
dents of the Ust-Kamenogorsk Pedagogical Institute
in the 1960s and 1970s. [1, 8, 30]. Their rapid dis-
persal down the Irtysh River floodplain took place
in the 1980s. and they became a background species
of amphibians in the Irtysh floodplain between the
cities of Ust-Kamenogorsk and Semipalatinsk, dis-
persed along many tributaries of the river [32-35].

Thus, by the time of our research, the marsh
frogs were known across the reservoirs of the Cen-
tral Kazakhstan Main Watershed Upland; the
Northern Balkhash Region; the northern part of the
Chu-Ili Lowlands (the western coast of the Bal-
khash Lake); and from the watercourses of the pe-
ripheral KU plains in the vicinity of Ust-
Kamenogorsk City and south of Semipalatinsk
City. According to the literature [31] and our own
observations, there was no puddle in the vicinity of
the cities of Karaganda and Temirtau in the past
decades where these frogs were not found. Taking
into account a large number of mine reservoirs,
including the Fedorovskoe Reservoir, and the pres-
ence of temporary or permanent connections be-
tween them, the number of amphibians was very
high and noticeable to the entire population.

When planning a repeat monitoring of the dis-
tribution of the marsh frogs in Kazakhstan, we as-
sumed that its dispersal in the water bodies of the
country would have continued. We assumed that
this would be the case also for the KU, where the
amphibians had demonstrated a really vivid exam-
ple of their appearance and expansion.

However, our assumptions were proved to be
false. Inspecting the KU in May-August 2021, we
found that the number of marsh frogs (both adults
and offspring) had become noticeably smaller
compared to the data of previous decades; and in
many water bodies where they had been reliably
noticed before, they had disappeared. High density
was shown only for the Fedorovskoe Reservoir and
on the Shar River (including subadults). In the 1990s,
during the breeding season (end of April-May) near
the village of Solonichki and along the banks of the
Samarkand and Samara reservoirs, the density
of frogs had been high (10-15 ind./m?), even on the
very polluted River Bukpa (7-10 ind./m% [31].
We recorded only few juvenile individuals only on
the site of the pond farm near Solonichki Village;
while the frogs were completely absent from the
Samarkand Reservoir (see Fig. 1). Interannual
fluctuations in the population number could be
considered as the reason for the decrease in the
abundance of frogs. However, according to our
observations, this process began on the central re-
gion of the KU as far back as 2014-2015. It pro-
ceeded quickly — as at one time the expansion of
frogs had taken place here.
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It seems that in the late 1950s — early 1960s, the
successful adaptation and rapid spread of uninten-
tionally introduced amphibians in the KU region
were primarily facilitated by climatic factors.
The designated period was characterized by a
change in the climatic cycle. As can be seen from
Fig. 5, the annual precipitation amounts increased
significantly and remained above the average level
for about ten years. The initial short-term decrease
in air temperature was soon replaced by its rise,
which significantly exceeded the norm [36, 37].
An increase in the total water content of the area
and milder thermal conditions in all probability
allowed the frogs to successfully establish them-
selves and then occupy significant areas.

To support this suggestion, data from the study
of the River Nura runnoff can be considered. This
river was most successfully developed by marsh
frogs in the past [36-38]. In the 60s and 70s,
a number of canals were put into operation on the
rivers of the Kazakh Upland in order to maintain
the flow of the Nura at a higher level. For example,
after the construction of the Satpayev’s canal in
1973 downstream of the village of Sheshenkara,
the annual flow of the Nura increased sharply from
4.77m*/st08.39 m*/ s (76 %).

An increase in runoff was observed until 1990
(on average by 5.52 m® / s). Later it began to de-
crease: to 3.27 m®/ s by 2000 and to 1.22 m®/ s by
2012, remaining at this level now. Analysis of the
situation indicated a correlation between the de-
crease in runoff (0.97) and climate warming.
In addition, the influence of the regulation of the
Ishim and Nura channels on the runoff was noted.
A decrease in the intensity of floods reduced the
total water content of the territory [36] and, obvi-
ously, worsened the conditions for the reproduc-
tion of amphibians.

From 2008 to 2011, the annual amount of pre-
cipitation significantly decreased, and the average
temperatures during this period dropped by about
2 °C below the norm. Such synchronization in me-
teorological parameters occurred 6-8 years before
the noted period of extinction of the species, which
coincides with the average lifespan of the marsh
frogs [39].

A decrease in air temperature and a decrease in
the level of the rivers appears to have had a nega-
tive effect not only on the spring reproduction of
frogs but also on their overwintering. The marsh
frogs overwinter at the bottom of lakes, ponds and
swamps in non-freezing water [7], and freezing of
shallow water bodies, as, for example, at the spring
near Mount Bektau-Ata in March 2021, is destruc-
tive for them. An additional negative factor, in our
opinion, was the late frosts observed in the last
decade immediately after the spring floods.

Dujsebayeva T.N., lvanov A.Yu., Kaptyonkina A.G., Ualiyeva D.A., Krainyuk V.N., Cherednichenko A.V., Khromov V.A.
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of expansion (left) and retreat (right) of the marsh frogs in the Kazakh Upland

The stated assumption about climatic reasons
being behind the decrease in the number of marsh
frogs on the territory of the Kazakh Upland un-
doubtedly needs to be confirmed. In particular, the
seasonal fluctuations in temperature and precipita-
tion in the region for at least the last ten years and
an assessment of their impact on the state of P. cf.
ridibundus populations require detailed study.

The decrease in the abundance of the marsh
frogs on the Balkhash Lake is probably associated
with the activity of an alien species — the snake-
head (Channa argus). Fishermen and local inspec-
tors confirmed that the number of frogs began to
decline after the successful colonization of Bal-
khash by this fish. The diet of the snakeheads is
based on fish, insects, and crustaceans; but it also
successfully eats the frogs — both adults and their
larvae [40]. Interestingly, the growth in the snake-
head population in the lle-Balkhash Basin was pre-
cisely predicted for 2020-2021 [41].

The data on the marsh frog presence along the
Shar River (southern of Semipalatinsk City), was
first reported by Khromov and Pilguk [34].
According to our observations, it remains a com-
mon species in this large tributary of the Irtysh,
which has a constant connection with the stable
populations from the main riverbed. In the area of
the Kokchetau Upland, marsh frogs have never
been recorded [42-45]. It appears that this area
was probably too cold for thermophilic P. ridibun-
dus. The only known indication of marsh frogs
being located on the lakes and rivers of the Tengiz-
Kurgaldzhin Depression in the 1970s seems to be
doubtful [46], as well as the fact of their being rec-
orded on the River Kargalinka in the Ulytau Up-
land [1]. In the first case, incorrect species identifi-
cation is not excluded, since marsh frogs have not
been seen here either before or after the reported
identification. In the second case, the location lies
on a shallow dry river in the arid western foothills
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of Ulutau Upland, which is a large distance away
from any permanent water streams or a stagnant
body of water. It is also far from the areas of hu-
man economic activity, when artificial relocation
of animals can take place.

The genetic composition of the complex

According to the literature [13, 16, 47] and our
unpublished data, the territory of Kazakhstan is in-
habited by three forms (mitochondrial lines) of the
P. ridibundus complex. The Anatolian form (P. cf.
bedriagae sensu stricto) is widespread in Western
Kazakhstan, approximately up to the Mugodzhar
Mountains and Emba River; and also, it is probable,
in Northern Kazakhstan, since it has been noted in
the adjacent regions of Russia — the provinces of
Orenburg, Kurgan and Chelyabinsk [47].

The other two forms — "Syr-Darya" and "Bal-
khash" — are sister groups (genetic distance
(p-distance) 3.1 = 0.5 %). The first form inhabits
the basin of the River Syr-Darya. The second form
was found for the first time in Almaty [16];
and later recorded in several localities from Lake
Balkhash in the north to Lake Issyk-Kul in the
south. The Anatolian form differs from the "Syr-
Darya" and "Balkhash" forms by 3.6 + 0.6% and
4.7 £ 0.6 %, respectively.

The present data confirms the assumptions
about a wider distribution of the Anatolian form,
P. cf. bedriagae in Eurasia. It has been identified
in the northern and central regions of Kazakhstan —
in Kostanay Province on the border with Russia;
and in the KU (in its central regions and on the
southern periphery — the edges of the Balkhash
Lake). It seems that it is also widely spreads along
the floodplain of the Irtysh River — from the city
of Pavlodar to the city of Ust-Kamenogorsk.
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The wide distribution of P. cf. bedriagae from
Asia Minor to Central Asia is obviously due to the
highly adaptive nature of this form; and the analy-
sis of its ecological niche is of undoubted interest.

The "Balkhash" form is currently established
only on the territory of Kazakhstan. According to
the available data, it absolutely dominates in the
southeastern territory of the country, including the
desert and mountainous regions; and as real data
show, it inhabits the territory of the KU (see Fig.
4). Here it lives partly sympatrically with the Ana-
tolian form.

Conclusion

Significant changes in the spatial and numerical
distribution of the marsh frogs in the Kazakh Up-
land, and the results of the genetic screening of the
populations (mostly received for the first time)
remain difficult to interpret. The influence of cli-
mate on the range and number decline of the marsh
frogs is undoubted; but, possibly, partially mediat-
ed. According to some information, the native
"Balkhash" form was the first in the development
of open spaces of the KU. In particular, it was so in
the Northern Balkhash Region [11], which now is
inhabited by P. cf. bedriagae. Climate changes
may affect the less adaptive "Balkhash™ form more
than the Anatolian one, whose broad footprint is
felt not only in Europe, but, as shown here, in
Asia. Hence, a comparison of the environmental
preferences of these forms seems promising. Cur-
rent ideas for further research include further
monitoring of the spatial and numerical distribu-
tion of marsh frogs in KU; elucidation of the ways
of penetration and dispersal of both forms here;
habitat boundaries and delineation of the native
"Balkhash™ form; the analysis of the nuclear ge-
nome; and many others.

References

1. Kuz'min S.L. Zemnovodnye byvshego SSSR = Amphibians of the former USSR. 2nd ed. Moscow: Tovarishchestvo
nauchnykh izdaniy KMK, 2012:370. (In Russ.)

2. Litvinchuk S.N., lvanov A.Yu., Lukonina S.A. [et al.]. A record of alien Pelophylax species and widespread mito-
chondrial DNA transfer in Kaliningradskaya Oblast’ (the Baltic coast, Russia). Biolnvasions Records.
2020;9(3):599-617. doi: 10.3391/bir.2020.9.3.16

3. Kuranova V.N., Yakovlev V.A., Simonov E.P. [et al.]. Diversity, distribution, and conservation status of amphibi-
ans in Western Siberia. Populyatsionnaya ekologiya zhivotnykh: Mezhdunar. nauch. konf., posvyashch. pamyati
akad. 1. A. Shilova = Population ecology of animals: Intern. scientific. conf., dedicated to the memory of acad.
I. A. Shilov. Tomsk, 2016;5(3):70. (In Russ.)

4. Lyapkov S.M. Locations and status of marsh frog populations in Kamchatka Vestnik Tambovskogo universiteta.
Ser. Estestvennye i tekhnicheskie nauki = Bulletin of Tambov University. Natural sciences and engineering scienc-
es series. 2016:21(5):1821-1824. (In Russ.)

5. Lyapkov S.M., Lyapkov O.A., Titov S.V. Distribution and origin of two forms of the marsh frog Pelophylax ridi-
bundus complex (Anura, Ranidae) in Kamchatka according to the analysis of mitochondrial and nuclear DNA.
Zoologicheskiy zhurnal = Zoological journal. 2017;96(11):1384-1391. (In Russ.)

6. Bashinskiy 1.V., Osipov F.A., Kuranova V.N. Pelophylax ridibundus — marsh frog. Samye opasnye invazionnye
vidy Rossii (TOP-100) = The most dangerous invasive species of Russia (Top-100). Moscow: Tovarishchestvo
nauchnykh izdaniy KMK, 2018:573-579. (In Russ.)

Dujsebayeva T.N., lvanov A.Yu., Kaptyonkina A.G., Ualiyeva D.A., Krainyuk V.N., Cherednichenko A.V., Khromov V.A. Page 11 from 18



RUSSIAN JOURNAL
(‘ OF ECOSYSTEM ECOLOGY Vol. 6 (3), 2021

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.
28.

29.

30.

31.

Iskakova K.l. Zemnovodnye Kazakhstana = Amphibians of Kazahstan. Alma-Ata: 1zd-vo AN KazSSR, 1959:92.
(In Russ.)

Dujsebayeva T.N., Berezovikov N.N., Brushko Z.K. [et al.]. Marsh frog (Rana ridibunda Pallas 1771) in Kazakh-
stan: changes in habitat in the 20th century and modern distribution of the species. Sovremennaya gerpetologiya =
Modern herpetology. 2005;3/4:29-59. (In Russ.)

Kapitonov V.1. Zhivotnye goroda Karagandy i okrestnostey. Vliyanie antropogennoy transformatsii landshafta na
naselenie pozvonochnykh zhivotnykh = Animals of the city of Karaganda and its adjacent territories. Influence of
anthropogenic transformation of the landscape on the population of vertebrates. Moscow, 1987;1:233-234.
(In Russ.)

Korelov M.N. Penetration of the marsh frog into the Balkhash basin. Byulleten’ Moskovskogo obshchestva
ispytateley prirody. Otdel biologicheskiy = Bulletin of the Moscow Society of Naturalists. Biological series
1953;58(4):33-34. (In Russ.)

Dujsebayeva T.N., Chirikova M.A., Zima Yu.A. [et al.]. New data on the distribution of amphibians and reptiles in
Kazakhstan: an overview of the first decade of the 21st century Gerpetologicheskie issledovaniya v Kazakhstane i
v sopredel’'nykh stranakh: sbh. st., posvyashch. pamyati K. P. Paraskiva = Herpetological research in Kazakhstan
and neighboring countries: collection of articles, dedicated to the memory of K.P. Paraskev. Almaty, 2010:84-99.
(In Russ.)

Dujsebayeva T.N. Changes in the habitats of some amphibians and reptiles in Kazakhstan in the 20th century: a
brief overview and forecast. Selevinia. 2011;19:39-47. (In Russ.)

Akin C., Bilgin S., Beerli P. [et al.]. Geological processes and climate change in the Late Cenozoic determined
Phylogeographic patterns of genetic diversity in eastern Mediterranean water frogs. Journal of Biogeography.
2010;37(11):2111-2124. doi: 10.1111/j.1365-2699.2010.02368.x

Plotner J., Uzzel T., Beerli P. [et al.]. Genetic divergence and evolution of reproductive isolation in Eastern Medi-
terranean water frogs. Evolution in Action. Berlin; Heidelberg: Springer-Verlag, 2010:373-403.

Hotz H., Beerli P., Uzzell T. [et al.]. Balancing a cline by influx of migrants: a genetic transition in water frogs of
Eastern Greece. Journal of Heredity. 2013;(104): 57-71. doi: 10.1093/jhered/ess086

Akin C. Molecular evolution and phylogeography of the Eastern Mediterranean water frog (Pelophylax) complex:
PhD thesis, School of Natural and Applied Sciences of Middle East Technical University. Ankara, 2015.
Gvozdetskiy N.A., Mikhaylov N.I. Fizicheskaya geografiya SSSR. Aziatskaya chast': uchebnik dlya universitetov =
Physical geography of the USSR. Asian part: textbook for universities. Moscow: Gosudarstvennoe izd-vo geo-
graficheskoy lit-ry, 1963:572. (In Russ.)

Visloguzova A.V., Vladimirov N.M., Gus'kova A.l. [et al.]. Rel'ef Kazakhstana (poyasnitel'naya zapiska k Ge-
omorfologicheskoy karte Kazakhskoy SSR masshtaba 1:1 500 000): v 2-kh ch. = Relief of Kazakhstan (explanato-
ry note to the Geomorphological map of the Kazakh SSR on a scale of 1: 1,500,000): in 2 parts.. Alma-Ata:
Fylym, 1991;1:176. (In Russ.)

Fin'ko E. A. Morphological structure. Ravniny i gory Sredney Azii i Kazakhstana = Plains and mountains of Cen-
tral Asia and Kazakhstan. Moscow: Nauka, 1975:215-219. (In Russ.)

Vilesov E.N., Naumenko A.A., Veselova L.K., Aubekerov B.Zh. Fizicheskaya geografiya Kazakhstana: ucheb.
posobie = Physical geography of Kazakhstan: study guide. Almaty: Kazak universiteti, 2009:362. (In Russ.)
Alisov B.P. Klimaticheskie oblasti zarubezhnykh stran = Climatic regions of foreign countries. Moscow: Gosudar-
stvennoe izd-vo geograficheskoy lit-ry, 1950:350. (In Russ.)

Vilesov E.N., Guzhavina E.A., Uvarov V.N. To the characteristic of the climate continentality in Kazakhstan. Vo-
prosy gidrologii oroshaemykh zemel' Kazakhstana: sb. nauch. st. = Issues of hydrology of irrigated lands in Ka-
zakhstan: collection of articles. Alma-Ata, 1986:44-54. (In Russ.)

Medeu A. R. [ed.]. Natsional'nyy atlas Respubliki Kazakhstan. Tom 1: Prirodnye usloviya i resursy = National
Atlas of the Republic of Kazakhstan. Volume 1: Natural Conditions and Resources. 2nd ed., rev. and suppl. Al-
maty, 2010:150. (In Russ.)

Akhmedsafin U.M., Shapiro S.M., Solntsev A.V., Dzhumagulov M.T. Tselinogradskaya oblast'. Gidrogeolog-
icheskie usloviya Kazakhstana = . Alma-Ata: Nauka KazSSR, 1975:57-66. (In Russ.)

Akhmedsafin U.M., Shapiro S.M., Zhaparkhanov S.Zh. [et al.]. Tselinograd region. Gidrogeologicheskie usloviya
Kazakhstana = Hydrogeological conditions of Kazakhstan. Alma-Ata: Nauka KazSSR, 1975:67-77. (In Russ.)
Svarichevskaya Z.A. Geomorfologiya Kazakhstana i Sredney Azii = Geomorphology of Kazakhstan and Central
Asia. Leningrad: LGU, 1965:210. (In Russ.)

Gvozdetskiy N.A., Nikolaev V.A. Kazakhstan = Kazakhstan. Moscow: Mysl', 1971:295. (In Russ.)

Aljanabi S.M., Martinez I. Universal and rapid salt-extraction of high-quality genomic DNA for PCR-based tech-
niques. Nucl. Acids Res. 1997;25(22):4692-4693.

Meyer A. Evolution of mitochondrial DNA in fishes. Molecular biology frontiers, biochemistry and molecular
biology of fishes. Elsevier Science Publisher, 1993;2:1-38.

Samusev |.F. Expansion of the range of the marsh frog Rana ridibunda in Kazakhstan. lzvestiya AN KazSSR. Ser.
Biologicheskaya = Proceedings of the Kazakh SSR Academy of Sciences. 1981;(4):27-28. (In Russ.)

Atakhanova K.Y., Bigaliev A.B. Current status of amphibian populations in Central Kazakhstan. Amphibian
Populations in the Commonwealth of Independent States: Current Status and declines. Moscow, 1995:141-143.

Dujsebayeva T.N., lvanov A.Yu., Kaptyonkina A.G., Ualiyeva D.A., Krainyuk V.N., Cherednichenko A.V., Khromov V.A. Page 12 from 18



RUSSIAN JOURNAL
(‘ OF ECOSYSTEM ECOLOGY Vol. 6 (3), 2021

32.

33.

34.

35.

36.

37.

38.
39.
40.

41,

42,

43.

44,

45.

46.
47.

Lo

~

10.

Berdibaeva Zh.Sh. To the biology of the marsh frog (Rana ridibunda) of the East Kazakhstan region. Voprosy
gerpetologii = Herpetology issues. Leningrad: Nauka, 1985:24. (In Russ.)

Starikov S.V., Prokopov K.P. Herpetofauna of the Upper Irtysh basin. Okhrana okruzhayushchey sredy i pri-
rodopol‘zovanie Priirtysh'ya = Environmental protection and nature management of the Irtysh region. Ust'-
Kamenogorsk, 1990;2:174-178. (In Russ.)

Khromov V.A., Pilguk O.N. The amphibian fauna of Semipalatinsk Province, North-Eastern Kazakhstan. Amphibian
Populations in the Commonwealth of Independent States: Current Status and declines. Moscow, 1995:144-145.
Rakhimbaeva A.K., Khromov V.A. Morphological study of the Green Frog (Rana ridibunda Pallas, 1771) from
Eastern Kasakhstan. Abstracts of 111 Asian Herpetological Meeting. Almaty, 1998:31.

Abdrakhimov R.G., Eltay A.G. Characteristics of the annual and maximum flow of the Nura river. Gidrometeor-
ologiya i ekologiya = Hydrometeorology and ecology. 2016;(1):80-86. (In Russ.)

Cherednichenko A.V., Cherednichenko V.S. Modern climatic cycles in time series of temperature and precipita-
tion over Kazakhstan. Vestnik VGU. Ser. Geografiya. Geoekologiya = VVSU proceedings. Geographical series. Ge-
oecology. 2017;(4):15-33. (In Russ.)

Cherednichenko A.V., Cherednichenko A.V., Cherednichenko V.S. Dinamika izmeneniya klimata Kazakhstana =
Dynamics of climate change in Kazakhstan. Almaty: 1zd-vo KazNU im. al'-Farabi, 2020:501. (In Russ.)

Smirina E.M. Age determination and longevity in Amphibians. Gerontology. 1994;40:133-146.

Dukravets G.M. Some data on the snakehead Channa argus (Cantor, 1842) in the basin of the river Ili. Izvestiya
NAN RK. Ser. biol. = Proceedings of the National Academy of Sciences of the Republic of Kazakhstan.
2007;(2):15-22. (In Russ.)

Zhumagaliuly N., Timirkhanov S.R. Snakehead Channa argus warpachowskii (Berg, 1909) in Kazakhstan - the
habitat is expanding. Zhivotnyy mir Kazakhstana i sopredel'nykh territoriy: materialy Mezhdunar. nauch. konf. =
The fauna of Kazakhstan and adjacent territories: proceedings of the Intern. scientific. conf. Almaty, 2012:248—
250. (In Russ.)

Nikol'skiy A.M. Fauna Rossii i sopredel’'nykh stran. Zemnovodnye (Amphibia) = Fauna of Russia and neighboring
countries. Amphibians (Amphibia). Petrograd: Tipografiya Rossiyskoy akademii nauk, 1918:309. (In Russ.)
Bartenev A.K. On the Zoogeography of the North of Karaganda region Uchenye zapiski Kazakhskogo gosudar-
stvennogo un-ta = Bulletin of Kazakh State University. Alma-Ata, 1938;1:67-80. (In Russ.)

Zima Yu.A., Fedorenko V.A. On new finds of amphibians and reptiles in the Akmola region. Selevinia.
2019;27:51-60. (In Russ.)

Dujsebayeva T.N., Arkhipov E.V., Baltasheva S.Zh. At the junction of forests and steppes: the herpetofauna of the
State Scientific and Production Enterprise "Burabay" and the tasks of its study. Innovatsii v sokhranenii
i ustoychivom razvitii lesnykh ekosistem: Mezhdunar. nauch.-prakt. konf. = Innovations in the conservation and
sustainable development of forest ecosystems: Intern. scientific-practical conf. Burabay, 2020:216-220. (In Russ.)
Khrokov V.V. Zapovednik Kurgal'dzhino = Reserve Kurgaldzhino. Alma-Ata: Kaynar, 1981:176. (In Russ.)
Ivanov A.Yu. Molecular genetic and ecological features of the distribution of cryptic forms of the marsh frog in
the eastern part of the habitat. PhD abstract. Penza, 2019:23. (In Russ.)

Cnucok numepamypbl

Kysbsmun C. JI. 3emuoBouble ObiBIIero CCCP. 2-e nza. M. : ToapuinectBo Hayunbix n3ganuii KMK, 2012. 370 c.
Litvinchuk S. N., Ivanov A. Yu., Lukonina S. A. [et al.]. A record of alien Pelophylax species and widespread
mitochondrial DNA transfer in Kaliningradskaya Oblast’ (the Baltic coast, Russia) // Biolnvasions Records. 2020.
Vol. 9 (3). P. 599-617. doi: 10.3391/bir.2020.9.3.16

Kypanosa B. H., fxosneB B. A., Cumonos E. II. [u ap.]. PasHooOpasue, pacnpocTpaneHue, pacrupeaeiacHie u
MIPUPOIOOXPAHHBINH CTATyC 3eMHOBOAHBIX 3amananoit Cubupu // TIonynsiroHHas SKOJOTHs KUBOTHBIX ©| Mexy-
Hap. Hay4. KoH(., nocsul. namsaTu akan. U. A. [lunosa. Tomck, 2016. T. 5, Ne 3. C. 70.

JIsmko C. M. Mecta HaXx0I0K ¥ COCTOSTHHE MOMyJIsIImil 03epHoi msarymke Ha Kamuatke // Bectruk TamMGoBCKOTO
yuuBepcureta. Cep. EcrectBennsie u Texunueckue Hayku. T. 21, Bem. 5. C. 1821-1824.

JlsmkoB C. M., JIsmkoB O. A., Turos C. B. Pacnipoctpanenue u nmpoucxoxxaeHue AByX (GopMm 03epHOIl JATyIIKN
Pelophylax ridibundus complex (Anura, Ranidae) na Kamuarke mo maHHbIM aHann3a MUTOXOHIPUATBHOM U sijep-
Hoit IHK // 3oonoruueckuii sxyprain. 2017. T. 96, Ne 11. C. 1384-1391.

bammackuii U. B., Ocunos @. A., Kypanosa B. H. Pelophylax ridibundus — O3epras nsryuka // Camble onacHsie
unBasuonHsle BBl Poccun (TOII-100) / mon pexn. YO. 1O. [re6yanze, B. I'. IletpocsiH, JI. A. Xusma. M. : Tosa-
pumecTBo HayuHbIX m3ganuit KMK, 2018. C. 573-579.

Hckakosa K. U. 3emuoBoansie Kazaxcrana. Anma-Arta : M3a-8o AH KazCCP, 1959. 92 c.

Iyiicebaesa T. H., bepezosukor H. H., bpymiko 3. K. [u ap.]. Osepnas asrymka (Rana ridibunda Pallas 1771)
B Kaszaxcrane: usmeHenue apeana B XX CTOJIETHH U COBPEMEHHOE pacnpocTpaHenue Buza // CoBpeMeHHas repie-
tosorus. 2005. T. 3/4. C. 29-59.

Kammronos B. U. XXusorHble ropoga Kaparannbr u okpectHocTeil. BimsiHue aHTpONOTeHHOW TpaHC()OpMALIUH
nmaHamadTa Ha HaceJIeHHe TT03BOHOYHBIX )KUBOTHRIX. M., 1987. U. 1. C. 233-234.

Kopenos M. H. IlponukHoBeHHE 03epHO ysarymiku B banxarckuii 6acceitn // Bromterenr MockoBcKoro o6iie-
cTBa McmbiTaTenei npupoasl. Otaen ounonormyeckuit. 1953. T. 58, Beim. 4. C. 33-34.

Dujsebayeva T.N., lvanov A.Yu., Kaptyonkina A.G., Ualiyeva D.A., Krainyuk V.N., Cherednichenko A.V., Khromov V.A. Page 13 from 18



RUSSIAN JOURNAL
(‘ OF ECOSYSTEM ECOLOGY Vol. 6 (3), 2021

11. Hyiicebaesa T. H., Ynpukosa M. A., 3uma 0. A. [u np.]. HoBble naHHBIE IO pacmpocTpaHeHuto aMmpuouii 1 pen-
it B Kazaxcrane: 0630p mo nepsomy mecsatmietnio XX| Beka // Teprieronorudeckue uccienosanns B Kasax-
CTaHe U B CONpEIebHBIX cTpaHax : ¢0. cr., mocesm. mamste K. I1. Tlapackusa / mox pen. T. H. [lyiicebaeBoii.
Asmarsl, 2010. C. 84-99.

12. yiicebaesa T. H. O0 u3MeHeHUHM apeajoB HEKOTOPHIX 3EMHOBOAHBIX M IpecMbiKarommxcsi B Kaszaxcrane
B XX cronetun: kpatkuit 0630p u nporsos // Selevinia. 2011. T. 19. C. 39-47.

13. Akin C., Bilgin C., Beerli P. [et al.]. Geological processes and climate change in the Late Cenozoic determined
Phylogeographic patterns of genetic diversity in eastern Mediterranean water frogs // Journal of Biogeography.
2010. Vol. 37 (11). P. 2111-2124. doi: 10.1111/j.1365-2699.2010.02368.x

14. Plotner J., Uzzel T., Beerli P. [et al.]. Genetic divergence and evolution of reproductive isolation in Eastern Medi-
terranean water frogs // Evolution in Action / ed. by M. Glaubrecht. Berlin ; Heidelberg : Springer-Verlag, 2010.
P. 373-403.

15. Hotz H., Beerli P., Uzzell T. [et al.]. Balancing a cline by influx of migrants: a genetic transition in water frogs of
Eastern Greece // Journal of Heredity. 2013. Ne 104. P. 57-71. doi: 10.1093/jhered/ess086

16. AKkin C. Molecular evolution and phylogeography of the Eastern Mediterranean water frog (Pelophylax) complex :
PhD thesis, School of Natural and Applied Sciences of Middle East Technical University. Ankara, 2015.

17. TI'Bosgeuxwii H. A., Muxaiinos H. Y. ®usuueckas reorpadus CCCP. A3uaTckast 4acTh . yUeOHUK IS YHUBEPCH-
TeToB. M. : 'ocymapcTBeHHOE M3-BO reorpaduueckoit mut-pel, 1963. 572 c.

18. Bucnory3osa A. B., Bragumupos H. M., I'ycekoBa A. U. [u np.]. Penbed Kazaxcrana (nmosicHuTENbHAS 3a1IHCKa K
I'eomopdonoruueckoit kapte Kazaxckoit CCP macmraba 1:1 500 000) : B 2-x u. Anma-Ara : Feuieim, 1991. Y. 1.
176 c.

19. ®unsko E. A. Mopdoctpykrypa // Paaunsl u ropst Cpenteit A3un u Kasaxcrana. M. | Hayka, 1975. C. 215-219.

20. Bunecos E. H., Haymenko A. A., Becenona JI. K., Ay6ekepoB b. XK. ®mnueckas reorpadus Kazaxcrana @ yue6.
nocobue / mon pen. A. A. Haymenko. Anmarsr : Kazak yuusepcureti, 2009. 362 C.

21. Amucos b. I1. Knmumarudeckne obmactu 3apy0exxHbIx ctpad. M. | ['ocymapcTBeHHOE H3I-BO reorpapuaecKon JHT-
psi, 1950. 350 c.

22. Bwumecos E. H., T'yxasuna E. A., YBapos B. H. K xapakrepucTrike KOHTHHEHTATBHOCTH Kinmara Kasaxcrana //
Bompocs! rumposnoruu opomiaeMsix 3emens Kazaxcrana : 0. Hayu. . Anma-Ara, 1986. C. 44-54.

23. HanmonaneHeii atnac Pecnyoivku Kaszaxcran. Tom 1: [lpupoansie yenoBus u pecypcsl / mox pex. A. P. Meney.
2-e u3a., nepepad. u gon. Anmarsr, 2010. 150 c.

24. Axwmencapun Y. M., lllammupo C. M., Connues A. B., Jlxxymarynos M. T. Lenunorpajackas obmacts // Tuaporeo-
noruueckue ycnopus Kaszaxcrana / mox pen. Y. M. Axmercadpuna. Ainma-Ara | Hayka KasCCP, 1975. C. 57-66.

25. Axwmencapun Y. M., Hlamupo C. M., XKanapxanos C. XK. [u ap.]. Kaparanauuckas o6nacts // Tugporeonoruue-
ckue ycnosus Kazaxcrana / mon pen. Y. M. Axmetcaduna. Anma-Arta : Hayka KazCCP, 1975. C. 67-77.

26. CsapuueBckas 3. A. ['eomopdonorns Kazaxcrana u Cpenueit Azun. JI. @ JIT'Y, 1965. 210 c.

27. T'sosmeuxuii H. A., Hukomnaes B. A. Kazaxcrtan. M. : Meicas, 1971. 295 c.

28. Aljanabi S. M., Martinez I. Universal and rapid salt-extraction of high-quality genomic DNA for PCR-based tech-
niques // Nucl. Acids Res. 1997. Vol. 25 (22). P. 4692-4693.

29. Meyer A. Evolution of mitochondrial DNA in fishes // Molecular biology frontiers, biochemistry and molecular
biology of fishes / ed. by P. W. Hochachka, T. P. Mommsen. Elsevier Science Publisher, 1993. Vol. 2. P. 1-38.

30. Camyces U. ®. Pacimpenne apeana ozepHoii jsrymku Rana ridibunda B Kazaxcrane // Ussectuss AH KasCCP.
Cep. buonoruueckas. 1981. Ne 4. C. 27-28.

31. Atakhanova K. Y., Bigaliev A. B. Current status of amphibian populations in Central Kazakhstan // Amphibian
Populations in the Commonwealth of Independent States: Current Status and declines / ed. by S. L. Kusmin,
C. K. Dodd, M. M. Pilguk. M., 1995. P. 141-143.

32. bepaubaepa K. L1I. K 6uonoruu o3epHoit ssarymku (Rana ridibunda) Bocrouno-Kaszaxcranckoit obonactu // Bo-
npockl reprierostorud. JI. : Hayka, 1985. C. 24.

33. Crapukos C. B., IIpokonos K. II. I'epnieroayna 6acceitna Bepxuero Uprsima // OxpaHa okpysKarolieil cpeasl 1
npupoomnoib3oBanue [Ipunprheiiibs. Ycre-Kamenoropek, 1990. Y. 2. C. 174-178.

34. Khromov V. A., Pilguk O. N. The amphibian fauna of Semipalatinsk Province, North-Eastern Kazakhstan // Am-
phibian Populations in the Commonwealth of Independent States: Current Status and declines / ed. by S. L. Kus-
min, C. K. Dodd, M. M. Pilguk. M., 1995. P. 144-145,

35. Rakhimbaeva A. K., Khromov V. A. Morphological study of the Green Frog (Rana ridibunda Pallas, 1771) from
Eastern Kasakhstan // Abstracts of 111 Asian Herpetological Meeting. Almaty, 1998. P. 31.

36. Ao6apaxumos P. I'., Enraii A. T'. XapakTepHCTHKH TOJOBOTO M MaKCHMaJbHOTO cToka peku Hypa // Tuapometeo-
postorust u 3komnorusi. 2016. Ne 1 (80). C. 80-86.

37. UYepenuuuenko A. B., Uepenunuenko B. C. CoBpeMeHHbIE KIMMaTHYECKUE [IUKIIBI BO BPEMEHHBIX psJax TeMIle-
patypsl 1 ocankoB Haja Kazaxcranowm // Becthuk BI'Y. Cep. I'eorpadus. I'eoskonorus. 2017. Ne 4. C. 15-33.

38. UYepemumuenko A. B., Uepennuuenko A. B., Uepennnuenko B. C. Jlunamuka n3meHeHns kimmara KaszaxcraHa.
Anmartsl : U3n-Bo KasHY um. ans-®apadu, 2020. 501 c.

39. Smirina E. M. Age determination and longevity in Amphibians // Gerontology. 1994. Vol. 40. P. 133-146.

40. Iyxpasert I'. M. Hekotopsie nanusie o 3meeronose Channa argus (Cantor, 1842) B 6acceiire p. Wnu // Ussectus
HAH PK. Cep. 6mo:. 2007. Ne 2. C. 15-22.

Dujsebayeva T.N., lvanov A.Yu., Kaptyonkina A.G., Ualiyeva D.A., Krainyuk V.N., Cherednichenko A.V., Khromov V.A. Page 14 from 18



RUSSIAN JOURNAL
(‘ OF ECOSYSTEM ECOLOGY Vol. 6 (3), 2021

41.

42.

43.

44,

45.

46.
47.

Kymarammyner H., Tumupxanos C. P. 3meeromos Channa argus warpachowskii (Berg, 1909) & Kazaxcrane —
apean pacmupsiercst // JKusoTHeiit Mmup KasaxcraHa u corpeieNbHBIX TEPPUTOPHH | MaTepHaibl MexIyHap. Hay.
koH}. Anmartsr, 2012. C. 248-250.

Hukonbckuit A. M. @ayna Poccnu u conpenenbHBIX CTpad. 3emHoBOaHBIE (Amphibia). ITetporpax : Tumorpadus
Poccuiickoii akanemuu Hayk, 1918. 309 c.

Baprener A. K. K Bompocy o 30oreorpaduu cesepa 6. Kaparanmunckoit oomactu // Yuensie 3anucku Kazaxckoro
rocyaapcTBeHHoro yH-ta. Anma-Ara, 1938. T. 1. C. 67-80.

3uma 10. A., ®emopenko B. A. O HOBbIX Haxomkax ampuOHil U pentiwinii B AkMoiuHCKoi obmactu // Selevinia.
2019. T. 27. C. 51-60.

[yiicebaesa T. H., Apxunos E. B., bantamesa C. . Ha ctbike necoB u creneii: reprnerodpayna [HIIII «bypa-
Oait» 1 3agaun ee u3ydeHus // VIHHOBalMYM B COXpaHSHUH M YCTOHYMBOM Pa3BUTHH JICCHBIX dKOCHCTEM | Mexny-
Hap. Hay4.-TIpakT. KoH}. bypabaii, 2020. C. 216-220.

Xpoxkos B. B. 3anosennuk Kypransmkuno. Anma-Ara : Kaitrap, 1981. 176 c.

VBanoB A. 0. MonekyspHO-TeHETHYECKHE M SKOJIOTHYECKHE OCOOCHHOCTH PaclpOCTPAHEHUS KPUITHYECKUX
(hopM 03epHOIA JIATYIIKK B BOCTOYHOM 4acTH apeaja : aroped. muc. ... kaua. ouoin. Hayk. [lensa, 2019. 23 c.

Dujsebayeva T.N., lvanov A.Yu., Kaptyonkina A.G., Ualiyeva D.A., Krainyuk V.N., Cherednichenko A.V., Khromov V.A. Page 15 from 18



‘ RUSSIAN JOURNAL
OF ECOSYSTEM ECOLOGY

Vol. 6 (3), 2021

Appendix |

List of the records of the marsh frogs (Pelophylax ridibundus complex)
in the Central Kazakhstan (Kazakh Upload) known until 2021 (black and grey circles)
and the results of 2021 fieldwork with indication to presence (orange circles)
and absence (white circles) of the amphibians (see Figure 2)
(numeric marked in bold indicate the sites inhabited by marsh frogs)

Records before 2005:

1 - Karaganda Prov., Kargalinka River,
48.31673N, 65.20055E, 1991-1992;

2 — Akmolinsk Prov., lakes and rivers of the
Tengiz-Kurgaldzhin Depression (lakes Tengiz and
Kurgaldzhino, rivers Nura and Kulanutpes),
50.5N, 69.5E, 1981,

3 — Nura River Valley in the vicinity of Kara-
ganda City (Solonichki Village, reservoirs Samar-
skoe and Samarkandskoe), 50.08333N, 73.0E;

4 — Karaganda City and Bukpa River in its vi-
cinity, 49.91666N, 73.0E;

5 — Karaganda Prov., Nura River in Karaganda
City, 49.802306N, 73.016778E, 1993;

6 — Karaganda Prov., Irtysh-Karaganda Chan-
nel, 50.137017N, 73.376055E;

7 — 1bid, 50.094753N, 73.37672E;

8 — Ibid, 50.056261N, 73.316096E;

9 — Karaganda Prov., ponds along the Irtysh-
Karaganda Channel, 49.91666N, 73.33333E;

10 — western coast of Balkhash Lake, Sary-
shagan Gulf, 46.16666N, 73.66666E;

11 — western coast of Balkhash Lake, Kara-
kamys Gulf, 45.58333N, 73.41666E;

12 — southwestern angle of Balkhash Lake af-
ter Chiganak Village, 45.13333N, 74,00000E,
20-21.06.1958;

13 — southern angle of Balkhash Lake, Bu-
rubaital Village vicinity, 45.03333N, 74.0E.

Records for the period 2006-2020:

14 — eldress in the south vicinity of Nur-Sultan
City, Michurino Village vicinity, 51.10021N,
71.66686E, 23.06.2009;

15 — near Temirtau Town, semi-insulated sed-
imentation tank, outlet channel in the eastern town
vicinity, 50.078056N, 73.057222E, June-July
2006;

16 — the pond near the south foothill of Bektau-
Ata Mount, 47.35578N, 74.7465E, 04.05.2008;

17 — Bektau-Ata Mount foothills, 47.357665N,
74.74928E, 02.06.2015;

18 — Balkhash Town, 46.8N, 74.81667E,
27.04.2007;

19 — Ortaderessin Village vicinity, 46.71666N,
75.41666E, 03.05.2008;

20 — Torangylyk Village vicinity, 46.80242N,
74.81537E, 27.04.2007,

21 — Tasaral Village vicinity, 46.30083N,
73.93505E, 26.04.2007;

22 — Kosagash Peninsula, 5 km southwest of
Eskar Lake, 46.26043N, 73.77487E, 26.04.2007;

23 — Kashkateniz  Gulf, 45.81653N,
73.45552E, 26.04.2007;

24 — south of Kashkateniz Gulf, 45.72712N,
73.51402E, 26.04.2007; 05.05.2008;

25 — coast of small lake on the Minaral Penin-
sula, 45.435N, 73.66333E, 26.04.2007.

Our data for 2021:

26 — Nura River in the Kurgaldzhin Village,
50.59572N, 70.01487E, 10.07.2021;

27 — Birtaban (=Taban) Lake, 50.449623N,
70.018777E, 10.07.2021;

28 — Balyksor Lake (salty), 50.555344N,
70.034193E, 10.07.2021;

29 — Shalkar Lake, 50.418431N, 69.9857E,
12.07.2021;

30 — gulf of the Birtaban (=Taban) Lake,
50.482924N, 70.028636E, 13.07.2021;

31 — Nura River, 50.622565N, 70.088347E,
24.08.2021;

32 — Ibid, 50.620548N, 70.07422E, 24.08.2021;

33 — Ibid, 50.619421N, 70.057877E, 24.08.2021;

34 — Nura River in the Romanovka Village,
50.799225N, 71.377717E, 24.08.2021;

35 — Nura River in Akhmet Village vicinity,
50.703762N, 71.444249E, 25.08.2021;

36 — Mukyr Lake, 51.091373N, 71.130703E,
11.07.2021;

37 — Kozikosh River, 51.094262N, 71.197247E,
11.07.2021;

38 — Batbakty Village, 50.463611N, 72.688778E,
06.05.2021;

39 — Oshagandy Village vicinity, 50.323667N,
72.727861E, 06.05.2021;

40 — reservoir near the summer cottages “Ga-
garinskoe”, Temirtau Town vicinity, 50.1315N,
72.881305E, 13.05.2021;

41 — northern coast of Samarkandskoe Reser-
voir, fishing industry, 50.124158N, 73.059235E,
13.05.2021;

42 — Ibid, 50.121413N, 73.04924E, 24.07.2021;

43 — coast of Samarkandskoe Reservoir near
Temirtau Town, 50.098198N, 72.920415E,
12.07.2021;

44 — Ibid, 50.071874N,72.926505E, 12.07.2021;
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45 — 1bid, 50.06741N, 72.960921E, 12.07.2021;

46 — Nura River near Intymak Village,
49.810737N, 72.152501E, 26.08.2021;

47 — Kubisay River near Kizilzhar Village,
road spills, 49.848455N, 72.276367E, 26.08.2021,

48 — Chkalovskoe Reservoir, the second tribu-
tary of Karagandinka River, 49.933717N,
72.955605E, 28.06.2021;

49 — lbid, 49.931336N, 72.961552E, 29.06.2021;

50 — Chkalovskoe Reservoir, 49.924521N,
72.948659E, 29.06.2021;

51 — main waters, Furmanov Str., Karaganda
City, 49.847388N, 73.054035E, 12.07.2021;

52 — Central Park, Karaganda City, 49.801982N,
73.077676E, 04.06.2021;

53 — Fedorovskoye Reservoir, 49.757727N,
73.072004E, 12.07.2021;

54 — Ibid, 49.770153N, 73.114171E, 12.07.2021;

55 — Ibid, 49.746283N, 73.093057E, 12.07.2021,;

56 - lbid, 49.757712N, 73.072095E,
12.07.2021;

57 — Ibid, 49.746283N, 73.093057E, 12.07.2021,;

58 — Sokyr River, 49.711025N, 73.169814E,
30.06.2021;

59 — Ibid, 49.714375N, 73.172606E, 01.07.2021;

60 — Ibid, 49.714347N, 73.172002E, 01.07.2021;

61 — Zhamanzhol River, 49.398306N,
73.113515E, 02.07.2021;

62 — Ibid, 49.387256N, 73.116394E, 02.07.2021,

63 — Deripsal Village vicinity, 49.229444N,
73.24275E, 14.06.2021,

64 — Kizilkoy Village, 49.2225N, 73.43567E,
14.06.2021;

65 — Solonka River, 50.012995N, 73.252812E,
07.08.2021;

66 — Solonichki Village, 50.037286N,
73.229204E, 21.07.2021;

67 — Karaganda fish hatchery near Solonichki
Village, 50.052821N, 73.264172E, 21.07.2021,

68 — Ibid, 50.052917N, 73.272181E, 21.07.2021;

69 — Ibid, 50.062607N, 73.2509264E, 21.07.2021;

70 — Ibid, 50.075332N, 73.228572E, 21.07.2021;

71 — Nura River, 50.083133N, 73.232557E,
21.07.2021;

Vol. 6 (3), 2021

72 — bid, 50.071837N, 73.256355E, 21.07.2021;

73 — Karaganda fish hatchery near Solonichki
Village, 50.066735N, 73.261777E, 21.07.2021,

74 — 1bid, 50.065398N, 73.269793E, 21.07.2021,

75 — Irtysh-Karaganda Channel, Tuzdi eldress,
50.150411N, 73.365463E, 22.07.2021;

76 — Irtysh-Karaganda Channel, Tuzdinskoe
Reservoir, 50.159559N, 73.37346E, 22.07.2021,

77 — Nura River, 50.078665N, 73.513483E,
23.07.2021;

78 — the eldress of Sheshenkara River,
50.072368N, 73.643165E, 22.07.2021,

79 — Sheshenkara River, 50.006294N,
73.895584E, 22.07.2021;

80 — Ibid, 50.002933N, 73.903359E, 22.07.2021,

81 — Ibid, 49.965522N, 74.051984E, 22.07.2021;

82 — Akzhar Village, dam, 50.297767N,
74.545596E, 27.08.2021;

83 — Karkaralinsk Mountains, Betalys Lake,
49.5833N, 75.3E, 13.06.2021;

84 — Karkaralinsk Mountains, Big Lake,
49.388346N, 75.511899E, 12.06.2021;

85 — Shar River south of Uzinshal Village,
49.934952N, 80.720169E, 24.08.2021;

86 — Shar River in 5 km southeast of Suiyk-
bulak railway station, 49.77453N, 80.88277E,
24.08.2021;

87 — pond near the eastern foothills of Bektau-
Ata Mount, 47.5N, 74.90083E, 05.05.2021;

88 — spring in the site Karabuta, eastern foot-
hills of Bektau-Ata Mount, 47.427N, 74.879638E,
05.05.2021;

89 — Shubartubek Peninsula, 46.768888N,
74.661888E, 15.06.2021;

90 - Torangalyk Peninsula, 46.7614N,
74.82812E, 15.06.2021,

91 — Ayaguz River south of confluence with
Aigyz River, 47.59652N, 79.57767E, 25.08.2021;

92 — Aigyz River (right tributary of Ayaguz
River), 47.77354N, 79.50389E, 26.08.2021;

93 — Ayaguz River in the southwestern vi-
cinity of Ayaguz, 47.94217N, 80.39898E,
24.08.2021.

Dujsebayeva T.N., lvanov A.Yu., Kaptyonkina A.G., Ualiyeva D.A., Krainyuk V.N., Cherednichenko A.V., Khromov V.A.

Page 17 from 18



(o

RUSSIAN JOURNAL
OF ECOSYSTEM ECOLOGY

Vol. 6 (3), 2021

Appendix I
List of specimens of Pelophylax ridibundus complex examined
in this study for molecular-genetic analysis (N, number of the samples)
Taxon Locality Vgg;i;er Latitude | Longitude | N
P. cf. bedriagae North coast of Balkhash Lake, D 1-6 4742983 | 7487450 | 6
Bektau-Ata Mount
P. cf. bedriagae Kostanay Rrov., ng_u;ak River, AT 1-3 5378223 | 6214509 | 3
Verenka Village vicinity
P. cf. bedriagae Karaganda Prov., Bukpa River AK-1 49.74628 | 73.09305 | 1
P. cf. bedriagae Karaganda Prov., Fedorovskoe Reservoir AK-2 49.77015 | 73.11417 | 1
Balkhash" form \I;aczf]?te;/nda Prov., Fedorovskoe Reservoir AK-3 4975771 | 73.07209 | 1
"Balkhash" + East Kazakhstan Prov., Mukur River, i
P. cf. bedriagae Semipalatinsk City vicinity Vo-15 50.2457 80.0524 | 5
Balkhash" form East Kaza_khstan Prov., left shore AN 7-16 501922 805418 5
of Shar River
Balkhash" form East Kazakhstan_Prov., Ust- AN-17 49.9939 825219 | 1
Kamenogorsk City
P. cf. bedriagae East Kazakhstan Prqv._, ' . AN-18 50.0022 825036 1
Ust-Kamenogorsk vicinity, Irtysh River
P. cf. bedriagae Pavlodar Prov., Pavlodar city AN-19 52.2213 76.5226
"Balkhash" + Karaganda Prov., Karaganda fish
P. cf. bedriagae hatchery, near Solonchiki Village AK 4-6 50.0653 732697 | 3
"Balkhash™ + Karaganda Prov., Irtysh-Karaganda i
P. cf. bedriagae Channel Tuzdy eldress, 29" sector AKT-9 50.1504 733654 | 2
"Balkhash" form Almaty City, Baum Grove 1A 46-47 | 43.3093 76.9490 2
P. cf. bedriagae East Kazakhstan Prov., Uba River Basin A-R-35 50.6085 81.8730 | 1
"Balkhash" form South Kazakhstan Prov., western coast
of Balkhash Lake, Minaral AR-20 454350 | 76.6633 | 1
"Balkhash" form South Kazakhstan Prov.,
Kishtobe Village vicinity, A-R-29-32 | 45.3533 779166 | 4
Karatal River, right bank
"Balkhash" form Kyrgyzstan, northern coast
of Issyk-Kul Lake, 22 km west A-R-39 42.6451 77.2099 1
of Grigoryevka Village

Dujsebayeva T.N., lvanov A.Yu., Kaptyonkina A.G., Ualiyeva D.A., Krainyuk V.N., Cherednichenko A.V., Khromov V.A.

Page 18 from 18




