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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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Аннотация. За два десятилетия после непреднамеренной интродукции в середине прошлого века озер-

ные лягушки (комплекс Pelophylax ridibundus) освоили многие водоемы Центрального Казахстана (Казах-

ский мелкосопочник, КМ), хотя природные условия территории мало тому способствовали. Вопросы о том, 

какие генетические формы комплекса укрепились в регионе и насколько успешен прогресс их настоящего 

расселения, были приоритетом нашего исследования. Обследование региона проводилось в мае-августе 

2021 г., охватывая сезоны размножения и подроста молодняка. Молекулярно-генетический анализ прово-

дили по митохондриальному гену ND2. Вопреки ожидаемому наше исследование показало сокращение 

территории, населенной озерными лягушками в КМ, и заметное снижение их обилия. Лягушка исчезла из 

многих пунктов долин рек Нура и Ишим, заметно сократилась в числе на западном и северном берегах озе-

ра Балхаш. Однако она осталась обычным видом в пойме р. Иртыш и на ее притоках. Впервые для региона 

была определена генетическая принадлежность популяций и установлено обитание двух генетических 

форм – инвазивной анатолийской P. cf. bedriagae и нативной «балхашской» формы. Обитание  

P. cf. bedriagae установлено для северного берега озера Балхаш. Нативная «балхашская» форма идентифи-

цирована на западном берегу Балхаша и в бассейне р. Шар – левом притоке Иртыша. На остальной терри-

тории КМ распределение двух форм имеет пестрый характер, и в ряде водоемов они обитают вместе.  

К северу от КМ живет анатолийская P. cf. bedriagae (Кустанайская и Павлодарская области); к югу – «бал-

хашская» форма (Балхаш-Илийская впадина, г. Алматы и озеро Иссык-Куль). Отмечена связь успеха рассе-

ления амфибий в прошлом и настоящего сокращения их популяций со сменой климатических циклов в ре-

гионе. Исчезновение лягушек на озере Балхаш, вероятнее всего, обусловлено расселением змееголова 

(Channa argus). Данные молекулярно-генетического анализа указали на более широкое распространение и 

более широкий адаптивный потенциал P. cf. bedriagae, чем представлялось ранее. Исследование определи-

ло ряд перспективных задач на будущее. 

Ключевые слова: комплекс Pelophylax ridibundus, динамика расселения, генетическое разнообразие, ми-

тохондриальный ген ND2, Казахский мелкосопочник 
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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-

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 km2.  

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-Ili 

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 200–300 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/l. 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". 

Object 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; 

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 m2.  

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 I). 

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-

quences 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 (HaeIII) 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 μL). 

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 BsuRI (HaeIII). 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 m2) 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). 

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:  
А – 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: А. Kaptyonkina (A), Т. Dujsebayeva (B, С), 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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Fig. 4. The areas highlighted by yellow color (incut) and by dotted line (main picture) are the boundaries  
of the Central Kazakhstan Upland. The inserted map represents ND2 haplogroups based on molecular-genetic analysis, 

whereas the red circles represent the Anatolian form, P. cf. bedriagae, and the purple color the Balkhash native form. 
The size of of the circle demonstrates the sampling size, whereas the numbers indicate the sampling sites 

 

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,А: 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,А: 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./m2), even on the 

very polluted River Bukpa (7–10 ind./m2) [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. 

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 

4.77 m3 / s to 8.39 m3 / s (76 %). 

An increase in runoff was observed until 1990 

(on average by 5.52 m3 / s). Later it began to de-

crease: to 3.27 m3 / s by 2000 and to 1.22 m3 / 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. 
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Fig. 5. Annual precipitation (A) and average air temperature (B) for the Karaganda meteorological station 
according to polynomial analysis data (according to [37] with changes). The red lines indicate the periods  

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 Ile-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. 

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. 
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Appendix I 
 

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 – Ibid, 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 – Ibid, 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 – Ibid, 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 – Ibid, 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;  

72 – Ibid, 50.071837N, 73.256355E, 21.07.2021;  

73 – Karaganda fish hatchery near Solonichki 

Village, 50.066735N, 73.261777E, 21.07.2021;  

74 – Ibid,  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. 
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Appendix II 
 

List of specimens of Pelophylax ridibundus complex examined  
in this study for molecular-genetic analysis (N, number of the samples) 

Taxon Locality 
Voucher 

code 
Latitude Longitude N 

P. cf. bedriagae North coast of Balkhash Lake,  

Bektau-Ata Mount  
TD 1-6 47.42283 74.87450 6 

P. cf. bedriagae Kostanay Prov., Toguzak River,  

Verenka Village vicinity 
AT 1-3 53.78223 62.14509 3 

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 Karaganda Prov., Fedorovskoe Reservoir 

vicinity 
AK-3 49.75771 73.07209 1 

"Balkhash" +  

P. cf. bedriagae 

East Kazakhstan Prov., Mukur River, 

Semipalatinsk City vicinity 
V9-15 50.2457 80.0524 5 

"Balkhash" form East Kazakhstan Prov., left shore  

of Shar River 
AN 7-16 50.1922 80.5418 5 

"Balkhash" form East Kazakhstan Prov., Ust-

Kamenogorsk City 
AN-17 49.9939 82.5219 1 

P. cf. bedriagae East Kazakhstan Prov.,  

Ust-Kamenogorsk vicinity, Irtysh River  
AN-18 50.0022 82.5036 1 

P. cf. bedriagae Pavlodar Prov., Pavlodar city AN-19 52.2213 76.5226 1 

"Balkhash" +  

P. cf. bedriagae 

Karaganda Prov., Karaganda fish 

hatchery, near Solonchiki Village 
AK 4-6 50.0653 73.2697 3 

"Balkhash" +  

P. cf. bedriagae 

Karaganda Prov., Irtysh-Karaganda 

Channel Tuzdy eldress, 29th sector 
AK 7-9 50.1504 73.3654 2 

"Balkhash" form Almaty City, Baum Grove IA 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  
A-R-20 45.4350 76.6633 1 

"Balkhash" form South Kazakhstan Prov.,  

Kishtobe Village vicinity,  

Karatal River, right bank 

A-R-29-32 45.3533 77.9166 4 

"Balkhash" form Kyrgyzstan, northern coast  

of Issyk-Kul Lake, 22 km west  

of Grigoryevka Village 

A-R-39 42.6451 77.2099 1 

 

 

 


