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ALIEN FISH SPECIES IN THE KARGALY STATE WILDLIFE
SANCTUARY (THE SYRDRAYA RIVER, REPUBLIC OF KAZAKHSTAN)

Abstract. The Syrdarya river is one of the main rivers of Central Asia. A sharp ecological crisis happened here
at the last quarter of the XX century as a result of irrational water use. Government of the Republic of Kazakhstan
undertakes some measures to mitigate ecological situation in the region. Presence of alien fish species considered as
an indicator of environment changes. Our research was conducted during 2015-2017 in the Kargaly state wildlife
sanctuary for evaluate modern diversity and dynamics of alien fish species without fishery press. This preserve is
situated at a typical segment of floodplain part of the Syrdarya river. Two main types of fluvial biotopes as a
circulating lake in former riverbed and river per se were investigated. Conventional methods of water and fish
investigations were used. Water temperature, turbidity, pH, mineralization, concentrations of dissolved oxygen and
some heavy metals (Fe, Cu, Cd, Pb) were investigated. Significant variability of these physical and chemical para-
meters depended from precipitation and flood regulation, and strongly impact on fish communities. 14 indigenous
and 11 alien fish species were discovered. Alien fish species were presented by white amur Ctenopharyngodon
idella, silver carp Hypophthalmichthys molitrix, abbottina (or false gudgeon) Abbottina rivularis, pseudorasbora [or
stone moroco, or topmouth gudgeon] Pseudorasbora parva, sawbelly Hemiculter leucisculus, bitterling Rhodeus
ocellatus, gambusia [or mosquitofish] Gambusia holbrooki, chinese medaka Orizias sinensis; eleotris [or beautiful
sleeper] Micropercops cinctus; goby fish Rhinogobius cheni; and snakehead Channa argus. There all alien fish
species were presented as well by adult as young individuals that indicated quite favorable living conditions for
them. Heterogeneity of fish distribution was revealed as a result of their environmental plasticity. Variability of fish
number and species composition depend upon flood regimen. Indigenous piscivorous fish species effectively control
alien others. Unstable and unlike to natural flood regimen is more favorable for alien fish species.

Key words: fishes, fauna, indigenous, alien, Syrdarya river, Kargaly State Wildlife Sanctuary, abiotic condi-
tions.

Introduction. During the first half of the last century the Aral-Syrdarya watershed was one of the
most important fishery regions not only for the Republic of Kazakhstan, but for the former USSR too [1].
First introductions of fishes from the Caspian basin had been done in 1930-thes and were failed. Second
introduction of the grass carp, black carp, silver carp, spotted silver carp was provided from the Amur
river basin in 1960-thes and accompanied with introduction of some other unintentional fish species.
G.M.Doukravets and V.P.Mitrofanov gave detailed description of the history of fish introductions for the
periods of sustainable hydrological regiment of the Syrdarya river and before crisis [2]. Crop production
became the priority for the region in the second part of the XX century. Irrational use of waters of the
Syrdarya and Amudarya rivers lead to flow reduction, the surface of the Aral Sea decrease and drastic
changes in ecosystems of the region that was named as ecological catastrophe or ecological crisis [3-6]. In
the first decade of the XXI century the Government of the Republic of Kazakhstan realized some actions
for reduce the problem and now the flow of the Syrdarya river exceeds the evaporation. In the Kazakhstan
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sector of the river several nature protected areas has been created for rehabilitation of flood-plain
ecosystems and conservation of native biodiversity [5-7].

It is known that richness and diversity of alien fish species can be a result of disturbances of
freshwater ecosystems as well as its cause [8, 9]. Generally, biological invasions are considered as an
unfavorable factor for native fish fauna [10, 11]. However, the impact of each alien fish species should be
assessed singly [12]. So that investigation of modern diversity of alien fish species in the Syrdarya river is
scientifically interesting and important for efficient management of fish resources and protection of native
fish fauna.

Fishery selectively impacts on fish fauna by catching the biggest fishes which play important role in
food webs. This kind of human activity is prohibited in state wildlife reserves and so there is possible to
evaluate indirect human impacts as water pollution, soil erosion, and alien fish species to water biota. An
evaluation of diversity and relative abundance of alien fish species in the Kargaly State Wildlife San-
ctuary (KR) was the aim of our investigation.

Materials and Methods. KR located on the Syrdarya river southward of the Shiili town. Coordinates
of the cordon are 43°57°52.2” N, 66°48°52.5” E. The protection of flood-plain vegetation is the general
purpose of the KR. Protected site is typical for the plain segment of the Syrdarya river. The river bed is
bended and creates some floodplain lakes. Hydrological regimen of the site is completely regulated with
irrigation dams and is not purposed for any other aims.

Data were collected in summer time 2015-2017. Physical and chemical water characteristics were
assessed by the most common methods [13, 14]. Turbidity of the water was determined using a turbi-
ditymeter HI 93703 “Hanna Instruments”, salinity, temperature and pH — using joint device of the same
manufacturer HI 98129. The color of the water was determined visually, the odor was organoleptic. The
content of individual elements in water samples was determined by inductively coupled plasma mass
spectrometry (ICP-MS) in accordance with [15, 16].

Drag net 15 m length with 3 mm mesh size, gill nets 25 length and mesh sizes from 16 to 100 mm,
hook fishing tackles were used for fish catches. The precise quantitative evaluation of fishes cannot be
realized for any big lake or river [17], and so one site on the main stream and a site on the floodplain lake
were chosen for investigation of dynamics of fishes. The main criteria for the sites choice were the ability
to provide total fish catchment and presence of alien fish species in the first year of investigation.

The names for many common fish species were given according to the FishBase [18]. Local
subspecies, which taxonomical status has not been revised, were given under original names. Fishes
analysis was done according to the most common scheme by I.F.Pravdin [19]. Big fishes with total weight
about 1kg and more were investigated at the catchment site, smaller fishes were fixed in 4% formaldehyde
and then analyzed in the laboratory. The age of fish in the samples was determined from analysis of scales
and vertebrae [20, 21].

Some indexes of fish assemblages were used as: N — total number of fishes per 100 m?, S — number
of species (richness), D — Simpson’s index of diversity, E — Simpsons’s index of uniformity, H —
Shennon’s index, e — Pielou’s index of uniformity [22]. Indigenous and alien fish species were counted.
Binary logarithm was used for Shennon’s and Pielou’s indexes calculating.

Results and discussion. Volume of water in the Syrdarya river in the KR is regulated with irrigation
dams and depended on precipitation and cropland area. During the investigation period the least level of
water was observed in 2015 and the maximal in 2017. The data presented in the table 1 show significant
fluctuation of the main characteristics in different years. In the all investigated samples of water
concentrations of Fe, Cu, Cd and Pb did not exceed the maximal permissible concentration for fishery
water bodies.

Fish fauna of the KR were presented by native fish species as well as some alien. Indigenous fish
species here are pike Esox lucius Linnaeus, 1758; roach Rutilus rutilus (Linnaeus, 1758); Syrdarya dace
Squalius squaliusculus (Kessler, 1874); redeye Scardinius erythrophthalmus (Linnaeus, 1758); Aral
shemaya Alburus (Chalcalburnus) chalcoides aralensis (Berg, 1923); stripped bystryanka Alburnoides
taenatus (Kessler, 1872); asp Aspius aspius (Linnaeus, 1758); eastern bream Abramis brama orientalis
Berg, 1949; Aral white-eye Abramis sapa aralensis Tiapkin, 1939; sabrefish Pelecus cultratus (Linnaeus,
1758); goldfish Carassius gibelio (Bloch, 1782); carp Cyprinus carpio Linnaeus, 1758; perch Perca
fluviatilis Linnaeus, 1758 and sander (pike-perch) Sander lucioperca (Linnaeus, 1758).

— 16 ——
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Table 1 — General characteristics of water biotopes in 2015-2017

Water characteristics
Biotope Year Color Tempera- Turbidity, pH . Minera- Dissolved
ture, °C FTU listion, ppm oxygen, ppm
2015 clear brown 26.1-29.3 79-81 6.5-8.2 540-602 6.02-8.16
Main stream 2016 clear brown 293 94 6.7-8.0 598-602 6.58-7.14
2017 brown 26.1 101 6.9-7.1 540-543 No data
. 2015 green 25.1-29.0 9.12 6.5-7.2 563 6.70-8.03
Elf:d'plam 2016 blue green 24.3-29.0 12.61 7.0-7.2 691 721-7.72
2017 blue green 27.8-28.2 8.31 7.4-7.5 603 No data

Alien fish species are grass carp Ctenopharyngodon idella (Valenciennes, 1844), silver carp Hypo-
phthalmichthys molitrix (Valenciennes, 1844), false gudgeon Abbottina rivularis (Basilewsky, 1855),
topmouth gudgeon (pseudorasbora) Pseudorasbora parva (Temminck et Schlegel, 1846), sawbelly Hemi-
culter leucisculus (Basilewsky, 1855), ocellated bitterling Rhodeus ocellatus (Kner, 1866), mosquitofish
Gambusia holbrooki (Girard, 1859), Chinase medaka (or ricefish) Orizias sinensis Chen, Uwa et Chu,
1989; beautiful sleeper Micropercops cinctus (Dabry de Thiersant, 1872); Chinese goby Rhinogobius
cheni (Nichols, 1931); snakehead Channa argus (Cantor, 1842). All revealed fish species were presented
by adults as well as young fishes that indicated their satisfactory survival rate in the present conditions.

Table 2 — Indexes of young fish assemblages in the KR 2015-2017

2015 rox 2016 rox 2017 rox
Indexes Main Flood-plain Out of the Main Flood-plain Main Flood-plain
stream lake KR stream lake stream lake
Number of indigenous fishes:
Goldfish 0 0 19 1 2 2 8
Carp 0 0 0 3 0 0 0
Roach 30 1 14 21 15 30 12
Bystyanka 0 0 0 3 0 0
Sabrefish 0 0 0 0 0 0 3
Asp 2 1 0 19 11 4 0
Perch 0 0 0 3 0 0 0
Pike-perch 6 0 0 0 0 0 0
Number of alien fishes:
Abbottina 1 0 3 0 0 0 0
Pseudorasbora 0 1 2 0 4 26 15
Bitterling 0 0 11 0 0 1 1
Sawbelly 0 0 0 0 0 0 15
Silver carp 0 0 0 1 2 0 0
Medaka 0 0 1 0 0 10 11
Chinese goby 0 26 1 1 6 2 10
Beautiful sleeper 0 0 7 0 2 6 2
Indexes:

S, species 4 4 8 7 8 8 9
N, individuals 39 29 58 49 45 81 77
D 1.62 1.24 4.53 2.92 4.83 3.78 6.64
E 0.40 0.31 0.57 0.42 0.60 0.42 0.74
H (logy) 1.06 0.64 2.44 1.89 2.58 2.19 2.86
e (logy) 0.53 0.32 0.81 0.67 0.86 0.69 0.90
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Maximal age of investigated pseudorasbora was 3 years old, false gudgeon, ocellated bitterling and
mosquitofish - 2 years old, medaka, beautiful sleeper and goby — only 1 year old. It is less that is known
for these species form native range [23]. So that, we can suppose an effective control of lifespan of these
alien fish species doing by indigenous predatory fish species.

Spotted silver carp Aristichthys nobilis (Richardson, 1845), black amur Mylopharyngodon piceus
(Richardson, 1846), anabarillius Anabarilius polylepis (Regan, 1904) and three-lips Opsariichthys
uncirostris (Temminck et Schlegel, 1846) were known in the basin [2, 24], but were not revealed in
boundaries of the KR. Spotted silver carp and black amur are commercially valuable fish species, and
never been usual in the Kazakhstan part of the river [2]. For the Syrdarya river Anabarilius polylepis only
once had been mentioned by V.E.Karpov [24 — p.156]. Most probably naturalization of this species did
not happen. Unintentional introduction of three-lips in the Syrdarya watershed was the result of neglecting
introduction of grass carp and silver carp from water bodies of China [25, 26]. This fish species was
revealed in the all Kazakhstan segment of the river, but only by 1-2 specimens for every case [27].

Indexes of young fish assemblages in shallow places of the river and floodplain lake are presented in
the table 2. Young roaches and asps dominated in the shore zone of the river in relatively water-short
2015 and 2016, but in high-water 2017 there dominated alien pseudorasbora. Young fishes of indigenous
roach and alien Chinese goby dominated in the shallows of the flood-plain lake. Only alien fish species
dominated there in 2017 (figure).

1

0.8

0.6 -

0.4

0.2

main | flood-plaine out of main flood-plaine main | flood-plaine
stream lake the KR stream lake stream lake
2015 2016 2017
= indigenous B alien

Indigenous and alien fish ratio in 2015-2017

Adult indigenous fishes like roach, asp, sabrefish as well as their baby fishes each year dominated at
the depth from 1 and 5-10 m far away from the shore in spite of dominance of alien fishes in the shallow
waters. Only snakehead as alien fish species was able to live in the depth water. It was only one alien
piscivorous fish that inhabited waters in the KR. Snakeheads were observed in the floodplain lake every
year during the investigations. Examination of the feeding revealed prevalence of the indigenous fish
species like roach, goldfish and carp. In contrast with indigenous piscivorous fishes, snakehead prefers
hunting close to shoreline and willingly eats died fishes. This particularity allows selective angling of
snakehead using bits of fishes for lure. 18 fishes were caught using this lure and 16 from them were
snakeheads, 2 indigenous piscivorous fishes like pike-perch and pike were caught too.
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Table 3 — Adaptive abilities of alien fish species in the Syrdarya river

) ) ) Maximal temperature, °C Maximal turbidity, FTU | Absence of water plants
Fish species Biotopes - - -
juv. adult juv. adult juv. adult

Grass carp LC 28 28 9.12 81 I 0
Silver carp RLC 28 32 9.12 9.12 1 S
Bitterling RLTC 32 32 101 101 S S
Pseudorasbora LTC 34 34 101 101 S S
Abbottina LTC 34 34 81 81 S S
Mosquito fish LC 34 34 81 81 0 0
Ricefish LC 34 34 81 101 0 0
Beautiful sleeper LTC 34 34 81 101 0 S
Snakehead RLC 32 32 12.61 81 0 I
Chinese goby RLC 34 34 101 101 S S

Note. Fishes: juv. - baby fishes, adult - adult fishes. Biotopes: L - lentic, R - main stream, T - tributaries and branches,
C - canals. Occurence: U - usual, S -seldom; I - infrequent; 0 - did not revealed.

Some environmental conditions were investigated to better comprehension particularities of fish
distribution in the river and adaptive abilities of alien fish species (table 3).

Presented data show that many of alien fish species are able to bear rather hot water from 28 to 34 °C
and have tendency to inhabit lentic biotopes where living conditions are too hot for indigenous fish
species. If water temperature fall down (in night time or flowage growing), indigenous piscivorous fishes,
mostly asp, can effectively regulate the number of alien fishes at sites without aquatic plants and tree
roots.

Interaction between alien and native fish fauna as well as cumulative impact of all stressors on the
native fauna was weakly known until recently [9]. The obtained data allow clarify the cause of the sharp
increase of number of alien fish species in the most water full year. High level of river during spring time
creates wide spawning area for many of indigenous and alien fish species. Then water decrease leads to
isolation many small water bodies in the high-water bed. Increase of temperature of water up to 28-32 °C
results in elimination of indigenous fishes and gives advantages alien fishes like pseudorasbora, ricefish
and goby fish. Subsequent scenario depends on flow volume:

1) Prolonged low level of water will lead to the fishes die (usually birds have time to eat up all the
fishes) as that happened in 2015 and 2016, or

2) Repeated increase of water level and submergence of the small water bodies will give the alien
fish species a chance to fully realize their ability to multiple spawning as that happened in 2017.

Indigenous alien fishes as asp and pike-perch can do an effective control of the number of alien fish
species in uncovered and slightly covered by water plants sites, but their avoid thickly grassed shallow
places.

Conclusions:

1. Fluctuating level of water in the Syrdarya river during summer season benefits alien fishes to
spawn in flooded shallows.

2. Native piscivorous fish species are able doing an effective control of alien non-commercial fish
species in uncovered sites of the main stream and lake.

Obtained data confirm heterogeneity and landscape-level impacts of non-native aquatic species that
obliged society and scientists to scrutinize interaction between indigenous and alien fish species in the
local scale for the further integration obtained knowledge for whole basin [28].
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AnHortamms. Coippapust e3eHi - Opranblk A3usiiarsl €H MaHbI3IbI 03eHAepaiH 0ipi. XX FachIpbIH COHFBI LIMPETiHAe CY
pecypcTapblH THIMCI3 TNaiianaHy HOTHXKECIHAE Kypleli SKOJOTHsIBIK JarnapbicTap Oosibl. Kasakcran PeciyOnmkachbHbIH
YkiMeTi 0CBl allMaKTaFbl KOJOTHUIBIK JKaFdalIap sl dKaKcapTyFa OaFbITTalIFaH Mapajap YieiMaacTeipaabl. CykoliMa sKaFIaibl-
HBIH KOpCeTKimTepiHiH Oipi Oerme O6anbIK TypiepiHiH kemTiri 6omsim Tadbutaabl. Conapikranga 2015-2017 xeuinaper Kapramst
MEMJIEKETTIK TaOWFU KOPBHIK ayMarblHIaFbl Oerne OalbIK TYpJIEpiHIH Kas3ipri alyaHTYpIIUIriHe jkoHe AMHAMHKACBHIHA, OaJbIK
KaybIMIACTBIK KypaMbIHa OaJblK ayiayibl OOJIBIPMayIbIH 9Cepi Typaibl 3epTTeyep JKYprizinai. Bysl KOpbIK ©3¢HHIH Ka3bIK
aFbIHBIHBIH CCTMEHTIH/IC OpHaacKaH. TipIIiTiK eTy OpTachIHBIH HETi3Ti €Ki Typi 3epTTelIi: 63¢H JKoHe aFbIHIbI o3¢Haep. Cy Ky-
PaMBIH JK0HE OAJIBIKTBI 3EPTTCYAIH AICTYPIi oaicTepi nmainananbuiabl. Keii6ip aysip metanmap (Fe, Cu, Cd, Pb) xoHe Temnepa-
Typa, JacTtaHy, MUHepanaany, pH, epirinrex orreri 3eprresni. Ocbl napameTpiepIiH eneyli aybITKybl CyIblH IIBIFAPbLTy PEXH-
MiHe koHe UXTHO(hayHaHbIH aTyaHTYPJIUTIK KYPhUIBIMBIH aHbIKTayFa OaitnanbicTel. MyHa Oapibirsl 14 sxepriikri xoune 11 Ger-
ne OanbIK Typiiepi keszmecti. berme Oambik Typiepi ak amyp Ctenopharyngodon idella, ax nenmanmait Hypophthalmichthys
molitrix, &alFaH TeHre - O0anbIK Abbottina rivularis, amyp mabarsl Pseudorasbora parva, kypasikypcak Hemiculter leucisculus,
TeHO11 kekipe Rhodeus ocellatus, ram0Oy3uss Gambusia holbrooki, menaxa Orizias sinensis; aneorpuc Micropercops cinctus; 0y-
3aybac OainbIK Rhinogobius cheni xoHe xbu1an6ac - 6ansikrapsl Channa argus xe3necti. bapiblk mradakrap skoHe epecek Oerie
OaJbIK TYPJIEpi KOPCETIIreH, OYJT OJIap IbIH TIPIILTK eTyiHe KOJAMIbI KaFqaiaapabiH 0ap eKeHiH KopceTe li. DKOJIOTUsUIIBIK Iiac-
THUHKaaa OanbIKTBIH Oipkenki OeiiHOeyi aHbIKTanasl. Typiaep MeH ocoOTap CaHBIHBIH ©3reprillTiri TMAPOJIOTHSUIBIK PEKUMIE
OaillaHpICTHI. AIIBIK CyKOMManap/a »XeprilikTi )KbIPTKBIII OanbIK Typiepi 6erae 6aibIK TYpiIepiHiH CaHbIH THIMJI MaiIataHyFa
MyMKiHIik 6epeni. CyablH TYpaKChI3 pexuMi 6erae OablK TypiiepiHe Koaiibl 60IbI TabbUIa bl
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AnnoTtanus. CeIpaapes SBISAETCS OAHOW M3 BaKHEWIHX pek LleHTpanmpHOH Asmu. B pesyipraTe HEpalMOHAIBHOTO HC-
MONTB30BaHMSI BOJHBIX PECYPCOB B IOCIEOHEH YETBEPTH JBAJAIATOTO BEKA 3J€Ch MPOM3OLIET OCTPHIH SKOIOTHUECKUH KpPHU3HC.
IMpaBurenscTBo PecryOnmku Kazaxcran npeanprHuMaeT Mephl, HalpaBJIeHHBIE HAa CMATYEHHUE SKOJIOTHIECKOH CUTYyaIlH B 3TOM
peruone. OOmiMe 9yKEPOIHBIX BHIOB PHIO SIBISETCS OJHAM M3 WHIUKATOPOB COCTOSHUS BomoeMoB. B 2015-2017 romax Obuio
MPOBE/ICHO M3YyUeHNE COBPEMEHHOT0 pa3HO00pasust U AMHAMUKH 1y>KEPOJHBIX BUIOB Ha TeppuTopuu KaparaiuHckoro rocynap-
CTBEHHOT'O INPHUPOJHOrO 3aKa3HUKa, YTO MO3BOJSET M30eXaTh BIMSHHS IPOMBICIA Ha COOOIIECTBO PBHIO. DTOT 3aKa3HHMK pac-
TIOJIOKEH HAa CETMEHTE PAaBHUHHOIO TEUECHUsI PEKU. BBUTH M3yueHbl JBa OCHOBHBIX TUIIAa MECTOOOMTAHUH — MPOTOUYHAS CTAapUIa U
coOcTBEHHO peka. [IpuMeHsTHCh TPaIUIIMOHHBIE METOJUKN H3yUeHUs BOJBI M PbIO. BbIM H3ydeHbl TeMIeparypa, MyTHOCTb, MH-
Hepanm3aiys, pH, comepxaHne pacTBOPEHHOTO KUCIOPOJa M HEKOTOPBIX TshKeIbIX MeTaiuioB (Fe, Cu, Cd, Pb). CymiecTBeHHBIC
KoJIeOaH!sI JaHHBIX MapaMeTPOB 3aBHCAT OT PEKHMa MPOITyCKOB BOJBI M OMPENEISIOT CTPYKTYPY pasHOOOpas3ust HXTHO(AYHBI.
Bcero 3neck 6u10 06HapyxeHO 14 abopureHHsIx U 11 gyxepoaHbIX BUAOB peI6. UyKepoaHble BUIBI IIPEICTaBICHB! OSIIBIM aMy-
pom Ctenopharyngodon idella, 6ensim TonctonooukoMm Hypophthalmichthys molitrix, ab6ortunoit Abbottina rivularis, niceBno-
pacbopoii Pseudorasbora parva, Boctpobpromikoit Hemiculter leucisculus, rnazdateiM ropuakoM Rhodeus ocellatus, ramOy3ueii
Gambusia holbrooki, menaxoii Orizias sinensis; 3neoTpucom Micropercops cinctus; 0b1dkoM Rhinogobius cheni u 3Meero0BOM
Channa argus. Bce dyxepojiHble BUIbI IPEACTaBICHBI MOJOIBIO M B3POCIBIMH OCOOSMH, YTO YKAa3bIBAa€T Ha ONarompusiTHbIE
YCIIOBHSA UX CyLIeCTBOBaHHsA. HepaBHOMEPHOCTh pacnpeeneH s PbIO ONPEAENeTCsl UX SKOJIOTMYECKOM MIacTHYHOCThI0. M3Men-
YUBOCTH YHCJIa BUIOB U 0COOEH 3aBUCHT OT THIPOJIOTHYECKOTO pekuMa. AOOPHTEHHBIE XUIIHBIC BUIBI PHIO d()(PEKTHBHO KOH-
TPOJHPYIOT YUCICHHOCTD Ty>KEPOAHBIX Ha OTKPBITHIX Y4acTKaX BoJoeMoB. HecTaOnUIbHBIA pexXnM IOITyCKOB BOJIBI OIaromnpusT-
CTBYET 4y K€POJHEIM BHIaM PEIO.
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