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Abstract

The article presents an analysis of the ichthyofauna of 23 small rivers located on the southern slope
of the Shu-Ile Mountains, based on data collected in 2024. Among the 23 rivers studied, fish were re-
corded in 16 rivers, where a total of 16 species were identified, belonging to 15 genera, 9 families, and 4
orders, with a predominance of Cypriniformes. The ratio of native to alien species was approximately
1:1; however, native species prevailed in terms of abundance. Species richness of the rivers ranged
from 1 to 6 species. Native species such as Gobio lepidolaemus and Rutilus lacustris demonstrated high
ecological plasticity, whereas alien species Pseudorasbora parva and Micropercops cinctus often formed
the core of simplified communities. The highest diversity of species was observed in the Karakonyz,
Karasu, and Turan rivers, whereas in several rivers only one or two species were recorded. Analysis of
community structure revealed substantial spatial variation, driven by hydrological regime, orographic
isolation, and the impact of irrigation. Simpson and Shannon diversity indices, Sorensen similarity
coeflicients, cluster analysis, and principal component analysis (PCA) indicated differences among
communities, ranging from simplified systems dominated by a single species to relatively balanced
ecosystems. The data obtained highlights the importance of comprehensive monitoring of small rivers
for assessing the stability of native species, controlling introduced species, and conserving the biodi-
versity of riverine ecosystems in the region.
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Introduction

The Shu-Ile Mountains, extending for approximately 200 km northwestward from
the Ile Alatau, represent a continuation and terminal segment of the Northern Tien
Shan, with which they share a common geological history of formation. These are
highly eroded ancient mountain massifs composed of sedimentary and igneous
rocks. The axial part of the Shu-Ile Mountains forms the watershed between the Shu
and Ile rivers (Clottes 2011). The Shu-Ile Mountains are in southern Kazakhstan,
predominantly within the Zhambyl Region and partially extending into the Almaty
Region. They belong to the category of deserted low mountains and are character-
ized by a hummocky upland relief alternating with broad valleys. The mountain
system comprises a series of ridges separated by intermontane tectonic depressions.
The maximum width of the massif in its central part reaches approximately 50 km
(Trip to the Chu-Ile Mountains). The elevation amplitude of the Shu-Ile Mountains
is significantly lower than that of the Ile Alatau (approximately 5000 m). The highest
points of the massif are the Anyrakay Mountains (1183 m), Kulzhabasy (1178 m),
and Khantau (1024 m) (Clottes 2011).

The main spurs of the Shu-Ile Mountains include Aytau, Zheltau, Kindiktas,
and Zhetyzhol. In the southwest, the system gradually transitions into the low
mountains of Khantau and Maizharlygan, which form the terminal segments of the
mountain massif (Zhakyp 2011).

Rivers such as Ashchysu, Kopalysai, Zhingeldy, Tesik, Kakpaktas, and several
other watercourses originate on the mountain slopes. They flow along numerous
gullies predominantly during the spring season; however, by summer they either
completely dry up or persist as isolated pools sustained by groundwater input (Chu-
Ile Mountains).

Climatically, the region is characterized by insufficient moisture. The annual
precipitation ranges from 200 to 400 mm. River feeding is of a mixed type (Duyse-
baeva 2020).

Small rivers are key components of freshwater biodiversity, particularly of ich-
thyofauna (Biggs 2017). Ichthyofauna serves as an indicator of water quality and
the overall condition of ecosystems. Despite their relatively small size and often re-
mote location, small rivers provide valuable ecosystem services, including sustain-
ing larger rivers, serving as sources of drinking water, and supporting biodiversity,
all of which are important for human well-being. However, these rivers are highly
vulnerable to pollution, flow regulation, climate change, and habitat degradation
(Ferreira et al. 2023). It should be noted that small rivers often function as refugia,
ensuring the preservation of rare, endemic, and vulnerable fish species. The conser-
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vation of fish genetic diversity is essential for maintaining the resilience and stability
of ecosystems under changing environmental conditions (Tkachev, Bulatov 2002).

Climate change affects the thermal regime, water levels, and hydrological char-
acteristics of small rivers (Zyryanov 2015), which may lead to alterations in com-
position of ichthyofauna. The study of ichthyofauna in small rivers contributes to
fundamental knowledge of freshwater ecosystems and their functioning. Research
on the ichthyofauna of the Shu River basin began in the mid-19th century with
N.A. Severtsov (1873). G.V. Nikolsky (1931) provided data on the fishes of the mid-
dle and lower reaches of the river. Detailed information on species composition was
obtained by P.A. Dryagin (1936) during the comprehensive Kyrgyz expedition of
the USSR Academy of Sciences. Subsequent studies were carried out by FA. Turda-
kov (1963) and I.A. Pivnev (1985).

Between 1990 and 2010, the ichthyofauna of the Shu River basin was the subject
of research by several domestic scientists, including G.N. Dukravets et al. (1994,
2001) and EV. Klimov (2005). According to monitoring studies by N.Sh. Mamilov
(2011), 35 fish species were recorded in the Kazakhstan section of the Shu River
basin, of which 16 were non-native. In subsequent years, the composition of the
ichthyofauna in the middle section of the river (Bekkozhaeva, Mamilov 2014) was
found to be considerably variable. The ichthyofauna of small rivers flowing from
the southern slopes of the Shu-Ile Mountains remains virtually unstudied to date,
due to their remoteness from settlements, difficult accessibility, and hydrological
instability. The lack of data on fish populations hinders effective biodiversity con-
servation, sustainable use of natural resources, and ecosystem management. In this
context, the aim of our study is to assess the diversity of the species and status of the
ichthyofauna of small rivers on the southern slopes of the Shu-Ile Mountains within
the Shu River basin.

Materials and methods

All ichthyological and hydrochemical data (Table 1) were collected from small riv-
ers flowing from the southern slopes of the Shu-Ile Mountains between 17 and 24
July 2024 at the specified river sites (Fig. 1).

Table 1. Coordinates and number of fish sampled in small rivers on the Southern slopes of
the Shu-Ile Mountains from 17 to 24 July 2024

No Sampling sites Catch Coordinates WGS Altitude Quantity, Taxa
date BS pcs

1 Kalguty river* 17.07.2024 43°13.568'N; 74°50.887'E 824 21 2

2 Yrgaity river 43°7.383'N; 74°42.449'E 638 16 3

3 Maibulak river 43°00.186'N; 75°3.031'E 819 39 1

4 Oriktisai river 42°59.292'N; 75°8.368'E 941 No fish
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5 Kyzylsai river* 18.07.2024 42°59.707'N; 75°12.506'E 1016 5 1
6 Batys Zhinishke 42°58.301'N; 75°14.113'E 971 No fish
river
7 Shygys Zhinishke* 42°58.387'N; 75°17.264E 1061 7 1
8 Karakonyz river* 42°57.433'N; 75°20.728'E 979 114 [
9 Kishi Kemin river 42°49.650'N; 75°41.439'E 1105 No fish
10  Karasu river 42°59.669'N; 74°52.398'E 665 31 6
11 Ungirli river* 21.07.2024 43°31.692'N; 74°0.618'E 558 42 4
12 Shatyrkol river* 43°34.446'N; 74°2.289'E 585 27 2
13 Bayguta river 43°39.993'N; 73°59.993'E 543 42 2
14 Turan river* 22.07.2024 43°49.178'N; 73°49.816'E 444 301 6
15  Terekti river* 43°49.516'N; 73°58.915'E 493 136 5
16  Shokpar river* 43°48.539'N; 74°23.105'E 761 86 3
17 Kerbulak river* 43°44.961'N; 74° 23.357'E 837 25 2
18  Kulakshynsay 43°55.201'N; 74°6.738E 565 5 1
river®

19  Ushkyzyl river* 43°57.080'N; 74°3.817'E 538 23 4
20  Shaladyr river 43°58.245'N; 74°1.786'E 518 No fish
21  Sarybulak river 23.07.2024 44°20.904'N; 73°51.886'E 619 Dry

22 Karashygaly river 44°55.759'N; 72°49.837'E 417 Dry

23 Tarylgan river 24.07.2024 43°25.046'N; 74°19.621'E 678 Dry

Total number of specimens and taxa 931 16

Note: * indicates rivers where hydrochemical water analysis was conducted.

To ensure a comprehensive assessment of the ichthyofauna, a range of habitat
types at the sampling sites was surveyed. Fish sampling was conducted using hand
nets with a frame size of 0.5-1 m, a net bag length of 1-1.5 m, and a mesh size of
3-6 mm, as well as a juvenile seine 6 m in length with a mesh size of 3 mm (Hill et
al. 2005). Following capture, fish were subjected to preliminary visual identifica-
tion to species level, and the frequency of occurrence of each species was recorded.
Specimens were fixed in 4% formaldehyde. Detailed examination was subsequently
carried out under laboratory conditions. Morphological identification of fish was
performed using standard taxonomic keys (Baimbet, Temirkhan 2005; Koblitskaya
1981; Veselov 1977).

Valid fish nomenclature was verified using the online database Eschmeyer’s
Catalog of Fishes (2025). Biological parameters of fish (total length, TL; standard
length, SL; body weight, Q) were determined according to Pravdin (1966). Statistical
analysis of the data (min, max, mean, standard deviation, and coefficient of variation
was performed following Lakin (1990) using MS Excel 2019.
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Figure 1. Schematic Map of the studied rivers on the southern slope of the Shu-Ile Moun-
tains, July 2024.

Relative species abundance was calculated according to Artaev and Ruchin
(2017), with the following categories distinguished: rare (<0.1%), scarce (0.1-1%),
common (1-5%), abundant (5-10%), dominant (10-50%), and superdominant
(50-100%). The similarity of ichthyofauna among rivers was assessed using the So-
rensen similarity coefficient.

e
a+b

Here, a and b represent the number of species recorded in each of the two water
bodies compared, and ¢ denotes the number of species common to both. The re-
sulting coeflicients ranged from 0 to 1, where 1 indicates maximum similarity. The
ichthyofaunal diversity index and cluster analysis were calculated using the statisti-
cal software package PAST 4.17 (2001). Dendrograms were constructed using the

unweighted pair-group method with arithmetic means (UPGMA).
Shannon diversity index:

H = —Z p,’ In pi
i=1
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Simpson diversity index:

Yo (1= 1)
N(N-1)

1-D=1-

where H'is the Shannon diversity index; D is Simpson’s dominance index; 7, is
the number of individuals of species 7; N is the total number of individuals of all spe-
cies in the sample; S is the total number of species recorded; p=n/N is the relative
abundance of species i; and In denotes the natural logarithm.

The main hydrochemical parameters — pH, dissolved oxygen (O,), concentra-
tions of nutrients and major ions, and the level of mineralization — were determined
in hydroanalytical laboratory of the Research and Production Center for Fisheries
LLP. The classification of river waters was carried out according to the scheme pro-
posed by O.A. Alekin (1990).

The survey map of the small rivers on the southern slopes of the Shu-Ile Moun-
tains was visualized using the free cross-platform software QGIS 3.34 (2025). The
Shu River basin boundary and the vectorized river network were obtained from
open digital layers of the HydroSHEDS database (2024).

Results

Hydrochemical analysis of the small rivers on the southern slopes of the Shu-Ile
Mountains showed that pH values in all surveyed rivers ranged from 8.29 to 8.91,
indicating a slightly alkaline environment. Dissolved oxygen concentrations var-
ied from 8.12 to 10.76 mg/dm’, reflecting a good oxygen regime. The total water
mineralization ranged from 282.2 to 592.2 mg/dm?, which, according to Alekin’s
classification, classifies the studied waters as freshwater. The highest mineralization
levels were recorded in the Shygys Zhinishke (592.2 mg/dm?®), Kalguta (564.1 mg/
dm?®), and Shatyrkol (524.4 mg/dm?®) rivers.

Ammonium (NH,") concentrations in most watercourses did not exceed regu-
latory limits; however, elevated levels were observed in the Terekti (0.6 mg/dm?)
and Ungirli (0.3 mg/dm?) rivers, which may indicate localized agricultural impact.
Nitrite, nitrate, and phosphate concentrations did not exceed permissible limits.
Major ions in the studied rivers showed moderate variation among the watercours-
es, remaining within established maximum allowable concentrations (MAC).

The hydrochemical parameters of the studied rivers (Table 2) comply with eco-
logical standards and fall within a range favorable for the survival and normal func-
tioning of aquatic organisms.

A total of 23 rivers were surveyed, three of which were dry (Sarybulak, Karashy-
ghaly, and Tarlygan rivers), and no fish were found in four rivers (Oriktisay, Zapad-
naya Zhinishke, Kishi Kemin, and Shaladyr rivers). In the remaining 16 rivers, fish
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species richness ranged from 1 to 6 species. The total number of recorded taxa was
16, belonging to 15 genera, 9 families, and 4 orders: Cypriniformes, Gobiiformes,
Beloniformes, and Scorpaeniformes.

Table 2. Hydrochemical parameters of selected small rivers on the southern slopes of the
Shu-Ile Mountains, 2024

Biogenic compounds, mg/ dm® Major ions, mg/dm? g
, £ §

River name pH o ‘ . & § K

q : 3 s x S T : %

$ £ 2 5 £ £ 5 g & 2z ESE
Kalguty 8.76 8.79 0.05 0.004 0.7 0.18 3721 199 35.0 224 7475 564.1
Karakonyz 8.44 994 0.02 0.008 0.7 0.2 2257 50 7.5 281 338 3149
Kerbulak 8.65 10.01 0.01 0.007 0.7 0.18 2074 5.7 11.2 36.1 40.8 3055
Kulakshynsay 831 9.65 0.08 0.008 0.4 0.1 280.6 142 26.1 369 615 4344
Kyzylsai 829 8.71 0.05 0.004 1.3 0.21 305.0 9.2 17.4 377 625 4469
Shatyrkol 8.79 8.14 0.02 0.019 2.4 0.2 366.0 6.4 121 13.6 109.8 5244
Shokpar 8.61 9.16 0.11 0.004 0.8 0.23 201.3 11.3 20.2 313 38.0 3138
Shygys 8.45 10.04 0.01 0.009 1.3 0.19 414.8 7.1 13.0 13.6 123.8 5922
Zhinishke
Terekti 891 10.76 0.6 0.011 1.7 0.21 311.1 6.4 11.6 176 78.0 4432
Turan 834 8.12 0.02 0.005 0.6 0.2 189.1 6.4 108 289 428 2822
Ungirli 8.37 8.96 0.3 0.010 2.1 0.19 4148 36 64 12.0 121.8 5775
Ushkyzyl 8.64 9.14 0.02 0.005 1.1 0.21 3172 7.1 13.0 133 63.8 4512
Quality 6.0- =>4 <1.0 <330 <450 <0.70 - - - - - <1300
standards * 9.0

In terms of the number of taxa, Cypriniformes were dominant, represented by
12 species, accounting for 75% of the total species diversity. The remaining orders
were represented by one or two species each (Table 3).

Of the 16 recorded fish species (Table 4), half are non-native to this basin (bit-
terling, goby, Prussian carp, common carp, stone moroko, Chinese false gudgeon,
Japanese rice fish, and Chinese sleeper). Their presence is likely associated with
previously conducted acclimatization efforts.

Among the rivers analyzed, the highest species diversity was recorded in the
Karakonyz, Karasu, and Turan rivers, each supporting six fish species. The ichthyo-
fauna of the Karakonyz river consisted entirely of native species. In the Karasu river,
two non-native species — goby and bitterling — were recorded, while the remaining
species were native. In contrast, the Turan river was dominated by non-native spe-
cies: of the six species recorded, two were native and the remaining four were in-
troduced. Notably, Southern ninespine, Chinese sleeper, and Japanese rice fish were
not observed in any of the other surveyed rivers.
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Table 3. List of fish species occurring in the small rivers of the Shu-Ile mountains, with

their taxonomic classification

Order Family Latin name English name
Cypriniformes Acheilognathidae Rhodeus sericeus (Pallas, Bitterling
1776)
Cyprinidae Carassius gibelio (Bloch Prussian carp
1782)
Cyprinus carpio Common carp
(Linnaeus, 1758)
Schizothorax argentatus ~ Balkhash marinka
Kessler, 1874
Gymnodiptychus Naked osman
dybowskii (Kessler, 1874)
Gobionidae Gobio lepidolaemus Turkestan Gudgeon
Kessler 1872
Pseudorasbora parva Stone moroko
(Temminck & Schlegel,
1846)
Abbottina rivularis Chinese false gudgeon
(Basilewsky 1855)
Leuciscidae Rutilus lacustris (Pallas, Siberian roach
1814)
Leuciscus baicalensis Siberian dace
(Dybowski 1874)
Nemachelledae Triplophysa strauchi Spotted thicklip loach
(Kessler, 1874)
Triplophysa stoliczkai Tibetan stone loach
(Steindachner, 1866)
Gobiiformes Gobiidae Rhinogobius sp. Goby
Gobiidae Micropercops cinctus Chinese sleeper
(Dabry de Thiersant,
1872)
Beloniformes Adrianichthyidae Oryzias latipes Japanese rice fish
(Temminck et Schlegel,
1846)
Scorpaeniformes Gasterosteidae Pungitius Southern ninespine
platygaster (Kessler, stickleback
1859)

The Terekti river ranked second in species diversity, with five fish species re-
corded, the spotted thicklip loach being the dominant species. The Ungirli and Ush-
kyzyl rivers illustrate the influence of local factors, such as the availability of food
resources and interspecific competition, and are characterized by moderate species
richness (four species each). Among native species, both rivers share Siberian roach
and Turkestan gudgeon, while the Amur goby represents the shared non-native spe-
cies.



Table 4. The diversity of the ichthyofauna of small rivers on the southern slopes Shu-Ile Mountains, 2024

Rivers
Speci 5 =
pecies N — ] 3

5 ¢ % Ez: ¢ % &£ B E f £ £ = £ % %%

s 2 2 $8 2 2 5 & & & &€ 3§ 2 £ 3 £ &%
Rhodeus sericeus - - - - - 1 - - - - - - - - - - 1
Carassius gibelio - - - - - - - - - - 7 6 - 3 - 3
Cyprinus carpio - - - - - - - - - 1 - - - - R R 1
*Schizothorax argentatus 11 - - - 15 2 - - - - - - - - - - 3
*Gymnodiptychus dybowskii - - 7 7 33 - - - - . - _ B, - - _ 3
*Gobio lepidolaemus 21 - - - 3 - 6 18 10 - 26 59 19 1 2 - 10
Pseudorasbora parva - - - - - - 6 - - 41 25 - - - 1 3 5
Abbottina rivularis - - - - - - - - - - - - . _ _ 2 1
*Rutilus lacustris - - - - 32 7 23 - 34 72 12 - - - 17 - 7
*Leuciscus baicalensis - - - - - - - 9 - - - 20 - - - 11 3
*Triplophysa strauchi - 39 - - 24 18 7 - - - 66 - - - - - 5
*Triplophysa stoliczkai - - - - 7 1 - - - - - - - - _ _ 2
Rhinogobius sp. - - - - - 2 - - - _ 7 _ - R _ _ 2
Micropercops cinctus - - - - - - - - - 171 - - - - - - 1
Oryzias latipes - - - - - - - - - 9 - - - , , , 1
*Pungitius platygaster - - - - - - - - - 7 - - - . _ _ 1
Number of fish caught, pcs. 32 39 7 7 114 31 42 27 44 301 136 86 25 1 23 16 931
Number of taxa in rivers 2 1 1 1 6 6 4 2 2 6 5 3 2 1 4 3 16

Note: * — native species.

(ueISyyeZEY] ‘Ulseg JBAIY NYS) SUIRIUNOA 3|-NYS 3Y3 JO 2dO|S UIBYNOS BY3 UO SIBAL |[RWS JO BUNRJOAYIYD)|

sSSPl
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Diversity of low fish species was observed in the Shokpar and Yrgaity rivers
(three species in each river), and in the Kalguty, Shatyrkol, Bayguta, and Kerbulak
rivers (two species in each river). In four rivers — Maibulak (Spotted thicklip loach),
Kyzylsay, Shygys Zhinishke (naked osman), and Kulakshynsay (Turkestan gudgeon)
- the ichthyofauna was represented by a single species. The ichthyofauna of these
rivers, except for the Yrgaity river, consisted exclusively of native species.

Analysis of the obtained data indicates that certain species exhibit high eco-
logical plasticity. Among the rivers studied, some native species were recorded most
frequently, including the Turkestan gudgeon (found in 10 rivers), Siberian roach (in
7 rivers), and spotted thicklip loach (in 5 rivers), reflecting their adaptive capacity
to a range of environmental conditions.

The Stone moroko was recorded in five rivers. In the Terekti (18.4%) and Turan
(13.6%) rivers, it was the dominant species, whereas its abundance in the Ungirli,
Yrgaity, and Ushkyzyl rivers was low. At the same time, species such as the naked
osman, Balkhash marinka, Prussian carp, Siberian dace, Tibetan stone loach, goby,
Bitterling, common carp, Chinese false gudgeon, Chinese sleeper, Japanese rice
fish, and Southern ninespine exhibited a restricted distribution, which may indicate
their dependence on specific ecological factors.

The spatial distribution of key fish species in the small rivers of the Shu-Ile
Mountains was as follows:

The Turkestan gudgeon Gobio lepidolaemus was represented by 165 individuals
and emerged as the most widely distributed species, occurring in 10 of the surveyed
rivers. In several systems, the species attained a pronounced superdominant sta-
tus, accounting for the entirety of the ichthyofaunal assemblage in the Kulakshynsai
river (100%) and constituting a substantial proportion of total abundance in the
Kerbulak (76%), Shokpar (69%), Shatyrkol (67%), and Kalguty (66%) rivers.

The Siberian roach Rutilus lacustris total 197 specimens, representing 21% of
the overall catch, and was recorded in seven rivers. Its highest abundances were ob-
served in the Bayguta (77.3%), Ushkyzyl (73.9%), and Ungirli (54.8%) rivers, where
it functioned as a superdominant species. In the Karakonyz and Karasu rivers, Si-
berian roach was a dominant species, comprising 28.1-22.6% of the total catch,
whereas in the Terekti River it was classified as an abundant species (8.8%).

The Spotted thicklip loach Triplophysa strauchi was represented by 154 speci-
mens, comprising 16.5% of the total catch, and was recorded in five of the surveyed
rivers. The species was superdominant in the Maibulak River (39 specimens, 100%)
and the Karasu River (18 specimens, 58.1%). In the Terekti (48.5%), Karakonyz
(21.1%), and Ungirli (16.7%) rivers, it functioned as a dominant component of the
fish assemblage.

Chinese sleeper Micropercops cinctus was represented by 171 specimens and
was recorded exclusively in the Turan River, where it functioned as a superdomi-
nant, comprising 56.8% of the total fish abundance in the river.

According to the calculations, species diversity was low in the Maibulak, Kyzyl-
sai, Shygys Zhinishke, and Kulakshynsai rivers, where only a single taxon was re-
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corded, with abundances ranging from 39 to 1 specimen, respectively. In these water
bodies, complete dominance by a single species was observed, as reflected by zero
values of the Simpson and Shannon indices. This indicates extreme environmental
instability associated with pollution or high levels of anthropogenic impact.

In the group of rivers characterized by high species richness (six taxa) - Kara-
konyz, Karasu, and Turan - the lowest values of the dominance index (D = 0.222-
0.398) were recorded, indicating a more even distribution of abundance among taxa
and the absence of a clearly pronounced dominant species. At the same time, the
highest values of the Simpson diversity index (1-D) and the Shannon index (H)
were observed in the Karakonyz, Terekti, and Karasu rivers, reflecting high com-
munity stability and considerable structural complexity. Evenness indices based on
Simpson and Shannon (E and J) in most rivers ranged from 0.60 to 0.93, suggesting
a relatively uniform distribution of abundance among taxa.

Table 5 presents the values of species diversity indices and community evenness
metrics of the ichthyofauna calculated for 16 rivers of the Shu-Ile Mountains.

Table 5. Main structural characteristics of fish communities in the rivers of the Shu-Ile
Mountains

Rivers Taxa Quantity D 1-D H' E J

Kalguty 2 32 0.534 0.466 0.659 0.967 0.928
Maibulak 1 39 1 0 0 1 -

Kyzylsai 1 7 1 0 0 1 -

Shygys Zhinishke 1 7 1 0 0 1 -

Karakonyz 6 114 0.222 0.778 1.599 0.825 0.880
Karasu 6 31 0.379 0.622 1.308 0.616 0.685
Ungirli 4 42 0.353 0.647 1.220 0.847 0.584
Shatyrkol 2 27 0.539 0.462 0.655 0.963 0.918
Bayguta 2 44 0.641 0.359 0.547 0.864 0.773
Turan 6 301 0.398 0.602 1.155 0.529 0.640
Terekti 5 136 0.311 0.689 1.360 0.779 0.836
Shokpar 3 86 0.526 0.474 0.814 0.752 0.730
Kerbulak 2 25 0.620 0.380 0.571 0.885 0.795
Kulakshynsai 1 1 - - - 1 -

Ushkyzyl 4 23 0.553 0.447 0.903 0.617 0.604
Yrgaity 3 16 0.492 0.508 0.894 0.815 0.757

Notes: D — Simpson’s dominance index; 1-D — Simpson’s diversity index; H' — Shannon diversity index;

E — Simpson’s evenness index; ] — Shannon’s evenness index.
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To identify groups of rivers with similar fish species diversity, the Sorensen
similarity coefficient, based solely on the presence - absence of taxa, was applied.
The coeflicient values were calculated for each of the 120 pairwise combinations of
rivers (Table 6).

The similarity of ichthyofaunal composition among the studied rivers, accord-
ing to the Sorensen index, ranged from 0 to 1, with a mean value of 0.265. Zero
values of the coeflicient were predominantly observed in comparisons involving the
taxonomic lists of the Kyzylsai, Shygys Zhinishke, and Maibulak rivers, as well as,
to a lesser extent, the Kalguty, Karasu, and Turan rivers, indicating the absence of
shared species between the respective watercourses.

Overall, the values of the Sorensen similarity coeflicient indicate a low degree
of similarity in both the taxonomic composition and the structure of relative abun-
dance of ichthyofauna among the studied rivers. Within the analyzed dataset, a
pronounced spatial heterogeneity of ichthyofauna is evident, reflecting substantial
differences in species composition and occurrence among rivers. Cluster analysis,
performed at a Sorensen similarity threshold of approximately 0.10, allowed the
identification of seven distinct clusters, each comprising between one and four riv-
ers (Fig. 2).

Clugter 1 Schizoth
Trplopiysa

Karakonyz

Karasu

Ungirli
Cluster 2 Gobio fepidoicenus Terekti
Ushkyzyl

Bayguta
Shatyrkol
Kerbulak
” .
Gobio lepdodacmes 4|
Kalguty
“Turan

Yrgaity

Cluster

Cluster 6 Maibulak

. | Kynlai
Cluster 7

dbasiai [

Figure 2. Cluster analysis of ichthyofaunal composition similarity (based on the Sorensen
index) in small rivers of the Shu-Ile Mountains (with indication of dominant taxa).

Cluster 1 comprised two rivers (Karakonyz and Karasu). In both rivers, the
species composition included six fish species, four of which were shared. The ich-
thyofaunal composition similarity was 0.667. In these two rivers, the dominant and
subdominant species were the Balkhash marinka (Schizothorax argentatus) and the
spotted thicklip loach Triplophysa strauchi.



Table 6. Similarity of ichthyofaunal composition in small rivers of the southern slope of the Shu-Ile Mountains (based on the Sorensen index)

. -
River : ¥ 3 .3 : ; = % z . = & % % E o
X = 7 BN M 2 S & e = = @ 2 X = =
Kalguty 1
Maibulak 0
Kyzylsai 0 0 1
Shygys Zhinishke 0 0 1 1
Karakonyz 0.500 0.286  0.286 0.286 1
Karasu 0.250 0286 0 0 0.667 1
Ungirli 0.333 0.400 0 0 0.600 0.400 1
Shatyrkol 0.500 0 0 0 0250 0 0222 |1
Bayguta 0.500 0 0 0 0.500 0.250  0.667  0.500 1
Turan 0 0 0 0 0.167  0.167 0.400 0 0250 |1
Terekti 0.286 0333 0 0 0.545  0.545 0.889 0286  0.571 0364 1
Shokpar 0.400 0 0 0 0.222 0 0.286  0.800 0.400 O 0250 1
Kerbulak 0.500 0 0 0 0250 0 0.333 0500 0500 0 0.286  0.800 1
Kulakshynsai 0.667 0 0 0 0.286 0 0.400  0.667 0.667 0 0.333  0.500 0.667 1
Ushkyzyl 0.333 0 0 0 0.400 0200 0.750 0.333  0.667 0.200 0.667  0.571 0.667 0.400 |1
Yrgaity 0 0 0 0 0 0 0.286  0.400 0 0.222 0.250  0.333 0 0 0.286 1
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Cluster 2 was formed by four rivers — Ungirli, Terekti, Ushkyzyl, and Bayguta
- with Sorensen similarity coefficients among these rivers ranging from 0.571 (Bay-
guta and Terekti) to 0.889 (Ungirli and Terekti). The number of species and forms
recorded in these rivers was two and five, respectively. The Turkestan gudgeon Go-
bio lepidolaemus and Siberian roach Rutilus lacustris were present in all these rivers
and were also the numerically dominant species.

Cluster 3 includes three rivers: Shatyrkol, Shokpar, and Kerbulak. The number
of species and intraspecific taxa in these rivers is low, ranging from 2 to 3 taxa. The
Turkestan gudgeon Gobio lepidolaemus and the Siberian dace Leuciscus baicalensis
were present in almost all rivers, with the latter occupying a subdominant position
in all except the Ushkyzyl river.

Cluster 4 was formed by two rivers — Kulakshynsai (1 species) and Kalguty (2
species). The Sorensen similarity coeflicient between their taxonomic compositions
was 0.667. In both rivers, the Turkestan gudgeon Gobio lepidolaemus was a shared
and dominant species.

Cluster 5 comprises the Turan (6 species) and Yrgaity (3 species) rivers. The
ichthyofauna of these watercourses is characterized by a high proportion of non-
native taxa (five species), among which Chinese false gudgeon, Chinese sleeper, and
Japanese rice fish occur exclusively within this cluster. The similarity of species com-
position between these rivers is extremely low (0.222), as the only shared species is
the stone moroko Pseudorasbora parva.

Cluster 6 is represented solely by the Maibulak river, due to the extremely low
species diversity of its ichthyofauna. Only a single species - the spotted thicklip
loach Triplophysa strauchi — was recorded in this watercourse, entirely determining
the community structure. The absence of other taxa resulted in the isolated position
of the Maibulak river in the cluster analysis.

Cluster 7 unites two rivers — Kyzylsai and Shygys Zhinishke — where ichthyo-
fauna exhibit a highly simplified structure. Only one fish species — the naked osman
Gymnodiptychus dybowskii — was recorded in both rivers. The complete identity of
their taxonomic composition led to the maximum value of the Sorensen similarity
coefficient.

The cluster analysis of ichthyofauna in the studied rivers revealed pronounced
spatial differentiation of fish communities, driven both by species diversity and the
degree of similarity in taxonomic composition. The identified clusters reflect dif-
ferences in community structure, ranging from relatively rich and numerically bal-
anced assemblages to highly simplified communities dominated by a single species.

The distribution of samples from the different rivers in the principal component
space is presented in Figure 3.

Along the first principal component (PC1), the highest positive factor loadings
were observed for the Turan and Shokpar rivers, indicating relatively high species
diversity of ichthyofauna and a more even distribution of abundance among taxa.
In contrast, the Ushkyzyl, Ungirli, and Karasu rivers exhibited the largest negative
loadings, reflecting a combination of a comparatively high number of taxa with
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reduced overall fish abundance and pronounced dominance of certain species. It
should also be noted that these watercourses contained non-native fish species not
recorded in the other studied rivers.

Along with the second principal component (PC2), the highest positive factor
loading was recorded for the Terekti River. The ichthyofauna of this river was char-
acterized by the presence of its own dominant species, notably the spotted thick-
lip loach Triplophysa strauchi and goby Rhinogobius sp., its abundances strongly
predominated in the community structure. Negative loadings were observed for
the Turan and Karakonyz rivers. These watercourses were distinguished by higher
species richness and overall fish abundance, with the Karakonyz river featuring an
exclusively native ichthyofaunal composition.

0
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Ue'hkyzy] Bayguta
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Shatyrkol L
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Figure 3. Distribution of samples from various small rivers on the southern slope of the
Shu-Ile Mountains.

Along the third principal component (PC3), the highest positive factor loadings
were observed for the Turan and Kulakshynsai rivers. The Turan river, as noted ear-
lier, is characterized by high species diversity and substantial fish community abun-
dance, whereas only a single species — the Turkestan gudgeon Gobio lepidolaemus,
represented by a single individual — was recorded in the Kulakshynsai river. Nega-
tive factor loadings for this component were identified in the Shokpar and Ungirli
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rivers, indicating structural characteristics of their ichthyofauna that are opposite to
those of the watercourses forming the positive pole of the component. The principal
component loadings for the rivers are presented in Table 7.

Table 7. Principal component loadings characterizing the structure of fish communities in
small rivers of the Shu-Ile Mountain region. (The largest loads are indicated in bold)

Name of Rivers Principal Components

PC1 PC2 PC3
Kalguty 2.1255 2.8468 -2.5418
Maibulak 2.5129 3.7257 6.3689
Kyzylsai 0.26534 0.78287 -0.29527
Shygys Zhinishke 0.26534 0.78287 -0.29527
Karakonyz -6.0488 -16 3.1302
Karasu -18.462 7.0368 -8.6143
Ungirli -20.061 -13.745 -13.679
Shatyrkol 0.51698 0.72914 -0.46826
Bayguta 0.94658 -7.6836 3.2699
Turan 42.048 -28.304 1.0848
Terekti 9.0907 30.875 25.194
Shokpar 19.922 27.96 -25.376
Kerbulak 1.1693 1.6317 -1.4755
Kulakshynsai -7.1532 -10.051 9.0077
Ushkyzyl -21.133 -1.5576 6.7827
Yrgaity -6.0048 0.97107 -2.0925

The principal component analysis revealed pronounced heterogeneity in the
structure of ichthyofauna across the studied rivers. Overall, the PCA results under-
score the key role of species diversity, dominance structure, and species origin in
shaping the differences among fish communities in the region.

Discussion

The water flow of small rivers on the southern slope of the Shu-Ile Mountains with-
in the Shu River basin is limited and largely dependent on local and climatic condi-
tions. The regional climate is characterized by low moisture availability, while the
feeding of these small rivers is of a mixed nature, including snowmelt, rainfall, and
groundwater sources. During our study, three rivers were completely dry. Several
other rivers were in a stage of seasonal drying: their flow weakened to the level of a
stream and was locally interrupted, resuming only through groundwater input. The
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physical basis of the drying process in small rivers lies in the cessation of surface
flow due to the depletion of groundwater that sustains the watercourses during low-
flow periods (Pearce 2018; Chakraborty 2021).

The seasonal drying of small rivers in Kazakhstan is driven by the interaction
of climatic and anthropogenic factors, which reduce runoft, alter seasonal flow pat-
terns, and increase water losses (Akiyanova et al. 2019). The expansion of irriga-
tion and outdated water-use practices (extensive water exploitation) in southern
Kazakhstan led to localized desertification, decreased soil and pasture productivity,
and a reduction in base flow in downstream rivers. According to projected climate
scenarios, by 2050, the mean annual runoff in the Shu River basin (Northern Tien
Shan) is expected to decrease by 25-30% (Kaliyeva et al. 2021).

Although the hydrochemical parameters of the studied rivers generally fell with-
in ranges favorable for the survival and normal functioning of aquatic organisms,
data from Tazhiyev et al. (2025) indicate that maximum allowable concentrations
were exceeded for several indicators in groundwater at certain water intakes within
the Shu river basin, particularly in areas experiencing significant anthropogenic
pressure. Small rivers are typically located away from major sources of surface-wa-
ter pollution, which allows them to be considered natural refuges for ichthyofauna,
including native species.

The study revealed pronounced spatial heterogeneity in the ichthyofauna of
small rivers on the southern slope of the Shu-Ile Mountains. Despite a total of 16
recorded species, fish communities in individual watercourses differed markedly in
structure, ranging from monotypic assemblages to relatively species-rich complexes
comprising six taxa. Such heterogeneity is typical of small mountainous rivers in
arid regions and is driven by a combination of hydrological instability, channel
isolation, and local ecological conditions (Linnik et al. 2002; Mamilov et al. 2021;
Sharakhmetov 2022; Kegenova 2023; Sapargaliyeva et al. 2024; Mamilov et al. 2025).

The dominance of cyprinids is consistent with general patterns in the forma-
tion of ichthyofauna in continental water bodies of Central Asia, where species of
this group exhibit high ecological plasticity and the ability to inhabit a wide range
of biotopes (Mitrofanov et al. 1987; Abell et al. 2008). Based on the ecological and
geographical characteristics of the river system, Kaynaeva and Shabdanova (2020)
identify three potential fish habitats within the Shu River: the foothill, steppe, and
lower zones. The ichthyofauna of these sections is represented, respectively, by the
Highland Asian, Turkestan, and Aral faunal complexes, with a predominance of
species from the family Cyprinidae. However, the proposed zonation applies exclu-
sively to the Shu River channel and does not encompass other watercourses within
the basin. In the present study, the widespread occurrence of the Turkestan gudgeon
Gobio lepidolaemus and Siberian roach Rutilus lacustris indicates their high ecologi-
cal plasticity and resilience to fluctuations in hydrological regime, temperature con-
trasts, and limited food resources. The widespread presence of non-native species
in small rivers has led to the disappearance of local species and a significant restruc-
turing of biodiversity patterns across different regions (Cavalcante et al. 2025; Danet
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et al. 2024). In half of the rivers we studied, the ichthyofauna consisted exclusively
of native species, whereas in the other half, non-native species were recorded, their
abundance and occurrence did not exceed the total abundance of native fishes in
individual rivers, with the exception of the Turan river. However, according to pre-
vious studies (Mamilov 2011; Bekkozhaeva, Mamilov 2014), some non-native fish
species have become widely established, and in certain sections of the Shu River ba-
sin, they have emerged as dominant components of the ichthyofauna (Sansyzbayev
et al. 2024).

Numerous empirical studies (Casatti et al. 2009; Franssen et al. 2011; Erds et al.
2020) indicate that low species diversity and complete dominance of a single species
in certain rivers reflect environmental instability. Rivers with higher species rich-
ness and more abundance distribution (Karakonys, Karasu, Terekti) exhibited ele-
vated diversity index values, suggesting greater stabllety of their ichthyocenoses. At
the same time, low Sorensen similarity coeflicients and the results of cluster analysis
reflect weak connectivity among fish communities and a high degree of isolation,
which is typical of small mountainous rivers (Rosenfield 2002; Sheldon et al. 2010).
The results of the principal component analysis confirmed the key role of species
richness, dominance structure, and the proportion of non-native species in shaping
differences among ichthyocenoses.

Overall, the ichthyofauna of small rivers in the Shu-Ile Mountains is shaped
by a combination of natural and anthropogenic factors, among which hydrological
instability, orographic isolation, and introduction processes play a determining role.

Conclusion

The hydrochemical parameters of small rivers on the southern slope of the Shu-Ile
Mountains generally fell within ranges favorable for the survival and normal func-
tioning of aquatic organisms.

The study demonstrated that the ichthyofauna of these rivers is characterized
by low species richness (1-6 species) and pronounced spatial heterogeneity of com-
munities. Among the 23 surveyed watercourses, fish were recorded in 16 rivers,
with a total of 16 species belonging to four orders, dominated by cyprinids. Despite
the presence of non-native species, the numerical proportion of native fishes ex-
ceeded that of the introduced taxa. Low species diversity and the dominance of a
single species in several rivers (Maibulak, Kyzylsai, and Shygys Zhinishke) indicate
environmental instability, driven by seasonal drying, habitat fragmentation, and
hydrological fluctuations. In contrast, rivers such as Karakonys, Terekti, and Kar-
asu, which exhibit higher species richness (5-6 species) and more evenly structured
communities, demonstrate greater ecological stability. The most widespread native
species — the Turkestan gudgeon Gobio lepidolaemus and Siberian roach Rutilus
lacustris — exhibited high ecological plasticity and play a key role in structuring
ichthyocenoses. The results of cluster analysis and principal component analysis
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confirm the pronounced heterogeneity of ichthyofauna in the studied region and
highlight the important roles of species diversity, dominance structure, and species
origin in shaping differences among the region’s fish communities.

Opverall, the observed differentiation in ichthyofauna reflects the isolation of wa-
tercourses, the orographic characteristics of the region, and variations in hydrologi-
cal regimes. Since the study was conducted during the summer period, it provides
a limited assessment of the seasonal and interannual dynamics of ichthyofauna.
Therefore, long-term monitoring of fish communities in the region is necessary to
evaluate the resilience of native species and to conserve the biodiversity of small
rivers.
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