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Hydro biological indicators of reservoirs
of the Akmola and Karaganda regions for 2017

On the territory of Akmola and Karaganda regions, hydro biological indicators were studied in the lakes
Korgalzhinskoe, Esey, Kokai; in the reservoirs of Samarkand and Kengir; in the rivers Nura, Sherubainura,
Kara Kengir. In 2017, selected phytoplankton species, zooplankton, periphyton, and benthos were studied in
selected surface waters that are experiencing increasing anthropogenic pressure. A list of phytoplankton spe-
cies, zooplankton, periphyton, and benthos has been compiled, the characteristic features of their distribution
are noted. The dominant phyto, zooplankton and periphyton species were also identified. Also indexes of
Sladechek's saprobity were calculated and compared, and a general ecological assessment of reservoirs and
watercourses was given. It was revealed that the studied surface waters of the Akmola and Karaganda regions
belong to the 3rd class of water quality, mesotrophic, B-mesasaprobic in terms of the quality of water. For wa-
ter bodies of the beta-mezasaprobic zone of the Akmola and Karaganda regions, coenotic communities of
aquatic organisms differ in varying species composition, which does not depend on the same landscape and
climatic conditions. The periphyton and benthic community in rivers has a tendency to higher rates of
saprobity compared to other hydrobiont communities: the periphytonsaprobity indices and the Woodwiss in-
dex are higher than the phytoplankton saprobity indices.

Keywords: saprobity, hydrobionts, test objects, indicators, zooplankton, phytoplankton, periphyton,
zoobenthos.

The ecological health of natural waters is determined by many factors, among which an important role
is played by the composition of the aquatic community, which provides up to a certain level the possibility of
a reservoir to self-sustain in it the purity of the aquatic environment. Organisms are interdependent both in
species diversity and in their abundance, therefore, the change of one component of the biocenosis invariably
leads to changes in the other. A change in the trophicity of the reservoir affects the ratio of all species. Since
saprobity can characterize such abilities of hydrobionts as resistance to organic pollution, lack of oxygen, the
presence of hydrogen sulfide compounds, the determination of saprobity indices by indicator species remains
the most informative for assessing the quality of water bodies.

The purpose of this work was: to provide an environmental assessment of a number of reservoirs and
watercourses of the Akmola and Karaganda regions in terms of hydrobionts.

Materials and research methods

Study of phytoplankton and zooplankton samples. Establishment of the species status of organisms was
carried out in the spring, summer and autumn months of 2017.

Water samples for the study of phytoplankton were taken by the Epstein’s project network. The number of
the sieve is No. 77. The preservation of the samples was carried out immediately after sampling by adding to them
40 % formalin. The concentration of the phytoplankton sample was carried out by the sittation method [1].

Periphyton from water bodies was studied by direct research by washing off various substrates from 3—
4 sites of a water body, thickening and further fixation with formalin [1].

Zooplankton samples were taken quantitatively, the Jedi network is total, since most of the lakes under
study are shallow, the depth of which does not exceed 3—4 m. Zooplankton sample was recorded with 40 %
formalin.

The identification of algae and zooplankton was carried out using microscopy using an immersion ob-
jective 90 (2 mm) under magnification of 40 and 100 times on an Olympus CX-31 microscope according to
determinants of zooplankton [1]. Pictures of organisms were taken using the program L-micro.

Benthos samples were taken from several parts of the river or lake depending on the abundance of or-
ganisms. Animals were collected by a bottom grab at a depth of 1 meter and from the coast. Then washed
soft soils (silt, sand, detritus) and water plants. Next, the animals were picked out of the bottom grab with
tweezers and placed with a pair of tweezers in a jar with a retainer. A 4 % formalin solution was used as a
fixing fluid. Identification of species was carried out using a magnifying glass [2].
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The saprobity of reservoirs according to the composition of the species was determined by the method
of Pantle and Bucca in the modification of V. Sladechek [3]. For this, a list of organisms of pollution indica-
tors was used [4]. For indicator species of macrozoobenthos, the Woodwiss index was calculated [1].

The data on the species diversity of hydrobionts in the following reservoirs were analyzed: on the Nura,
Sherubainura, Kara Kengir rivers, Samarkand and Kengir reservoirs, Korgalzhinskoe, Sholak, Yessey,
Kokai, Sultankeldy and Balkash lakes. Phytoplankton algoflora is mainly represented by diatoms, green,
blue-green algae (Table 1). Diatoms prevailed in most water bodies: the Nura River (65 %), Lake Esey
(72 %), Lake Balkash (82 %), the River Kara Kengir (58 %), Lake Korgalzhinskoe (57 %), Lake Kokai
(50 %), Sherubainura River (53 %).

Green algae also made up a large group: the Nura River (30 %), Lake Esey (22 %), Lake Balkash
(16 %), the Kara Kengir River (33 %), Lake Korgalzhinskoye (33 %), the Sherubainura River (45 %).

Blue-green algae were found in relatively large quantities in the rivers Kara Kengir (9 %), Nura (10 %),
in the lakes Korgalzhinskoe (10 %), Esey (6 %).

Table 1
Dominant classes of phytoplankton in water bodies and streams, %
Nura Sherubai- Kara. River Kengir Lake Lake Lake Lake
Algae . . Karagir |Samarkand . | Korgal- .
River |nura River . .| Reservoir . Esey Kokai Balkash
River | Reservoir zhinskoe

Diatoms 65 53 58 + — 57 72 50 82
Greens 30 45 33 — 49 33 22 — 16
Blue-green 10 — 9 — — 10 6 — —

According to the data of the RSE Kazhydromet, in 2017 the rivers and lakes of the Akmola and Kara-
ganda oblasts mainly belong to the 3rd class water quality.

In summer, quantitative indicators of algal flora were determined: total abundance and total biomass,
saprobity of the reservoir (Table 2). Pantle-Buck index of saprobity was calculated by the types of zooplank-
ton, phytoplankton and periphyton.

The water bodies and watercourses had the highest primary productivity: the Sherubainura river (total
number — 0.47 thousand tons/cm?, total biomass — 0.267 mg/dm?), the Nura river (total number —
0.38 thousand cells/cm?, total biomass — 0.278 mg/dm?). Relatively low productivity of phytoplankton dif-
fered water bodies: Lake Balkash (total number — 0.08 thousand c/cm?, total biomass — 0.049 mg/dm?®),
Kengir reservoir (total number 0.19 thousand c/cm? total biomass — 0.148 mg/dm?).

All studied surface waters were assigned to the f-mesosaprobic zone (Table 2). Thus, most rivers and
lakes have a tendency to eutrophic water, and therefore have low self-purification potential. Despite the
overall high productivity of algae in water bodies, the function of saprophytes appears to remain low, since
sewage is discharged in most water bodies.

However, in terms of the total number of algal flora, the trophicity of the surface waters of the selected
territories is mesotrophic, since it is in the range of 3.85-20 million ¢/l [5].

Table 2
Quantitative indicators of phytoplankton in water bodies and streams
Sherubai-| Kara Samar- . Lake
Indicators Nura nura Karagir | kand Kenglr. Korgal- Lake Lake' Lake
River . . . |Reservoir . Yessey | Kokai | Balkash
River River |Reservoir zhinsky
The total number ofal- 1y s | 647 | 542 | 379 | 12.19 | 1065 | 1246 | 923 | 408
gal flora (thous. cl/cm?)
Total biomass mg/dm? 2.28 1.26 1.101 2.244 3.1 2.93 3.21 2.66 2.04
Saprobity Index 1.82 1.89 1.81 1.74 1.70 1.80 1.85 1.67 1.71

Periphyton was studied in spring, summer and autumn. In the studied conditions of the Nura River,
periphyton diatoms dominated such as: Cymatopleura, Nitzschia, Rhoicosphenia, Synedra. Among green
algae dominated: Cosmarium, Pediastrum, Rhizoclonium, among blue-green ones: Gloeocapsa,
Gomphosphaeria, Oscillatoria (Table 3).
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Periphyton types of water bodies and streams

Table 3

Algae

Sherubainura

River

Sherubainura

River
Reservoir

Korgalzhin-
skoe lake

ol Yessey lake

Sultankeldy
lake

| Kokai lake

1

| River Nura

~

W

~

Diatoms

Cymatopleura ((Brébisson) W.Smith

+

Nitzschia (sp.)

Rhoicosphenia (sp.)

Synedra (sp.)

++H|+ ]+

Cyclotellameneghiniana (Kiitzing)

Meloziravarians (C.Agardh)

+

Stephanodiscushantzschii(in Cleve &Grunow)

Cymbellalanceolata(C.Agardh)

Nitzschiavermicularis (Kiitzing) Hantzsch in Rabenhorst

Stephanodiscusastraea(Kiitzing) Grunow

Amphora ovalis (Amphora ovalis (Kiitzing))

Gyrosigmaacuminatum(Kiitzing) Rabenhorst)

Naviculagracilis (Ehrenberg)

Nitzschiaacicularis (Kiitzing) W.Smith

|||+

Caloneis(sp.)

Gomphonema(Bacillariophyta)

Navicula(Bacillariophyta)

Cymatopleurasolea(Brébisson&Godey)

Diatomavulgaris (Bory)

Rhopalodiagibba(Ehrenberg)

[+ ]+

Gomphonemaangustatum (Kiitzing) Rabenhorst

Naviculacuspidata (Kutzing)

Staurastrumcommutatum (Kiitzing) G.L. Rabenhorst

Cymbella(C. Agardh)

Navicula (Bacillariophyta),

Rhopalodiagibba(Ehrenberg) Otto Miiller

|+

Diatomaelongatum(Lyngbye) Elmore

Naviculaviridula (Grun.)

Stauroneisphoenicenteron(Nitzsch)

Epithemiasorex (Kiitzing)

Rhoicospheniacurvata(Kiitzing) Grunow

Green alga

[¢]

Cosmarium (sp.)

Pediastrum (Meyen)

Rhizoclonium (Rhizoclonium)

Closterium (Closterium)

Scenedesmus (sp.)

Blue-green algae

Gloeocapsa (sp.)

+

Gomphosphaeria(Kiitzing)

+

Oscillatoria (sp.)

+

Gloeocapsasanguinea(C.Agardh) Kiitzing

Gomphosphaeriapusilla(Van Goor) Komarek

Oscillatorialimnetica(N.L. Gardner) Anagnostidis

Oscillatoriasubtilissima (Kiitzing ex Forti)

|+ + ]+

Microcystis (Kutz) Elenk. emend

Euglenicalgae

Euglenaspirogyra (Ehrenberg) |
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Among the diatoms of periphyton, the Sherubainura River was dominated by such species as:
Cyclotella meneghiniana, Gyrosigma acuminatum, Melozira varians and Stephanodiscus hantzschii. Of the
representatives of green algae, the most common were the genera: Closterium and Scenedesmus.

In spring Samarkand reservoir was dominated by diatoms, represented by the following species of
Cymbella lanceolata, Melozira varians, Nitzschia vermicularis, Stephanodiscus astraea. The following spe-
cies were predominant in the diatoms; Amphora ovalis, Cymbella lanceolata, Gyrosigma acuminatum,
Navicula gracilis, Nitzschia acicularis, from green: Pediastrum and Scenedesmus, among the blue-green
algae dominated: Gloeocapsa sanguinea, Gomphosphaeria pusilla, Oscillatoria limnetica and Oscillatoria
subtilissima Oscillatoria subtilissima, among the euglenes — Euglena spirogyra.

In the spring Korgalzhinskylake, algocenosis of fouling wore a diatom character and was represented by
such genera as: Caloneis, Gomphonema, Navicula, Nitzschia. In summer fouling dominated by diatoms:
Cymatopleura solea, Diatoma vulgaris, Rhopalodia gibba; among green: Closterium, Cosmarium,
Pediastrum, Scenedesmus,; among blue-greens: Gloeocapsa, Gomphosphaeria and Microcystis.

In the periphyton of Esei Lake, diatoms of the following species dominated in spring: Gomphonema
angustatum, Navicula cuspidata, Staurastrum commutatum, Cymatopleura. Green algae were rare and were
represented by the genera Cosmarium and Scenedesmus. The species composition of the autumn periphyton
was rich in diatoms and was represented by such genera as: Cymatopleura, Cymbella, Navicula, Rhopalodia.

In the spring, among the periphyton diatoms, Lake Sultankelda dominated: Diatoma elongatum,
Navicula viridula, Stauroneis phoenicenteron. Green algae were absent. Of the blue-green algae, the genus
Oscillatoria was of various species.

In May-June, Lake Coca was poor and was mainly represented by diatoms of such genera as: Cymbella
lanceolata, Epithemia sorex, Rhoicosphenia curvata and Rhopalodia gibba. Green algae in the studied res-
ervoir were very rare, blue-green algae were absent.

The index of saprobity of reservoirs by types of periphyton varied from 1.67 to 1.89. All of these spe-
cies belonged to indicators of B-mezosaprobic zone contamination. Water quality is assessed by class 3
«moderately polluted» waters.

Zooplankton was studied in water samples from these lakes and rivers. On average, 3—4 samples of zo-
oplankton dominated in each sample. The saprobity index for the studied species of zooplankton in water
bodies and rivers was varied from 1.66 to 1.87, which is also located in the 3rd class interval «moderately
polluted waters» (Table 4).

Table 4
Dominant classes of zooplankton in ponds and streams
Nura |Sherubai-| Samar- Kengir Lake Kor-| -y o Lake Lake
Zooplankton . nura . kand . | galzhin- .
River . Karagir ._|Reservoir Esey Kokai | Balkash
River Reservoir skoe

Crustaceans, % 44 38 37 12 25 22.07 54 41 7
Rotifers, % 5 28 38 1 6 0.03 3 1 0.3
Copepods, % 51 34 25 87 69 77 43 58 92.7
Total number of thou-| 3 3515 g 2.81 4.61 4.89 3.02 438 4.53 5.17
sands of copies/m*
Biomass, mg/m? 4237 | 15.14 29.78 45.79 50.29 44.1 50.75 61.69 85.06
Saprobity index 1.83 1.85 1.87 1.66 1.73 1.72 1.67 1.66 1.75

The number of branching crustaceans in the Nura River was 44 %, in the Sherubainura River — 38 %,
in the Kara Kengir River — 37 %, Samarkand Reservoir — 12 %, Kengir Reservoir — 25 %; and in the
lakes: Korgalzhinskoe — 22.07 %, Yessey — 54 %, Kokai — 41 %, Balkash — 7 %.

The content of rotifers was in the rivers: Nura — 5 %, Sherubainura — 28 %, Kara Kengir — 38 %,
and reservoirs: Samarkand — 1 % and Kengir — 6 % and in lakes: Korgalzhinskoye — 0.03 %, Yessey —
3 %, Kokay — 1 %, and Balkash — 0.3 %.

By the number of species, copepods prevailed in Lake Balkash — 92.7 %, then Samarkand reservoir —
87 %, Lake Korgalzhinskoe — 77 %, Kengir reservoir — 69 %, and in Kokai rivers — 58 %, Nura — 51 %,
Yessey — 43 %, Sherubainura — 34 % and Kara Kengire — 25 %.

46 BecTHuk KaparaHauHckoro yHvusepcuTeTa



Hydro biological indicators of reservoirs ...

In terms of abundance and biomass, zooplankton prevailed in Lake Balkash (total number — 5.17 thou-
sand specimens/m?, total biomass — 85.06 mg/m®) and Kengir reservoir (total number — 4.89 thousand
specimens/m?, total biomass — 50.29 mg/m?).

Relatively low productivity of zooplankton was distinguished by water bodies: the Sherubainura River
(total number — 2.08 thousand ind./m?, total biomass — 15.14 mg/m?®) and the Kara Kengir River (total
number — 2.81 thousand specimen/m?, total biomass — 29.78 mg/m?®).

The species composition of the zoobenthos of the river Nury consisted of: from crustaceans —
Gammarus pulex, from mollusks: Planorbis, complanata, Pl.contortus, Plplanorbis, Sphaerium corneum,
Valvata piscinalis, Lymnaea auricularia, Lymnaea ovata, Pisidium casertanum, Pisidium obtusale,
Sphaerium corneum, Sphaerium solidum and insect larvae: Chaoborus sp., Hydroporus sp., Rhantus sp.

The following representatives were present in the zoobenthos samples in the Samarkand reservoir: crus-
taceans — Gammarus pulex, caddis-Stenophylax stellatus and mollusks: Lymnaea ovata, Pisidium obtusale,
Sphaerium corneum, Sphaerium solidum and Unio pictorum (Table 5).

In Lake Sholak, the zoobenthos is represented by mollusks, crustaceans and insect larvae. Among mol-
lusks: Anodonta cygnea, Pisidium pusillum, Planorbis planorbis and Planorbis spirorbis, from crusta-
ceans — Gammarus pulex, among the insect larvae the order Diptera (Endochironomus tendens, Tipula sp.)
Trichoptera (Hydropsyche sp., Mollana sp., Glyphotaelius punctatineatus). During the autumn period,
zoobenthos was represented only by mollusks (Bivalvia and Gastropoda): Hippeutis (Planorbis)
complanata, Margaritanamargaritifera, Pisidium casertanum, Sphaerium corneum, Lymnae aauricularia
and Lymnaea stagnalis.

In the zoobenthos of Lake Esey, various species of mollusks Planorbis vortex, P. spirorbis,
P. complanata, P. Planorbis, Lymnaea auricularia, L. ovata, L. stagnalis, L. truncatula.

The zoobenthos of Lake Kokai was represented by gastropods: Lymnae aauricularia, L.pereger,
L. stagnalis, L. ovata, Planorbiscomplanata, P.vortex.

All these indicator species of saprobity were within the B-mesosaprobic zone. The biotic index for
Woodiwess was —5. Water quality corresponded to class 3 of «moderately polluted» waters.

Table 5
Types of zoo benthos ponds and streams
Water
Zo00 benthos Nura River reservoir Lake Sholak | Lake Esey | Kokai Lake
Samarkand
1 2 3 4 5 6
Crustaceans
Gammaruspulex (Linnaeus) | + | + | +
Shellfish

Planorbiscomplanata (Draparnaud) + + + +
Pl contortus (Rudolphi) +
Pl.planorbis (Muller) + + +
Sphaeriumcorneum (Linnaeus) + +
Valvatapiscinalis (Miiller) +
Lymnaeaauricularia (Linnaeus) + + + +
Lymnaeaovata (Draparnau) + + + +
L. pereger +
Pisidiumcasertanum (Poli) + +
Pisidiumobtusale (Lamarck) + +
Sphaeriumsolidum (Normand) + +
Uniopictorum (Linnaeus) +
Anodontacygnea (Linnaeus) +
Pisidiumpusillum(Jennyns) +
Planorbisspirorbis (Linnaeus) + +
Lymnaeastagnalis (Linnaeus) + + +
Sphaeriumcorneum (Linnaeus) +
Margaritanamargaritifera (Linnaeus) +
Planorbis vortex + +
L. truncatula +
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Continuation of Table 5
1 [ 2 | 3 | 4 | 5 | 6
Insect larvae

Chaoborussp.

Hydroporussp.

Rhantussp.

Corixasp.

Tipulasp. +

Hydropsychesp. +

Mollanasp. +
Insects

Insecta | + | | | |
Leeches

Hirudinea | + | | | |

Caddisflies
Stenophylaxstellatus (Curtis) | | + | | |

++|+ ]+

Research results and discussion

Based on the calculation of saprobity indices for different groups of hydrobionts (Table 6), we can con-
clude that all lakes and streams belong to selected areas in terms of water quality can be attributed to moder-
ately saprobic (B-mesosaprobic), where the mineralization process is relatively active, and water bodies cope
with organic pollution. However, if in the reservoirs and lakes the indices of saprobity are almost the same
for both phytoplankton and zooplankton and periphyton, then in the rivers the periphyton community shows
a higher saprobity than planktonic organisms: Sph = 1.82, Sc = 1.83, Sp = 1.91 (along the Nura River);
Sph =1.89, Sz = 1.85, Sp = 2.02 (along the Sherubainura River). A similar trend is also observed in the Sa-
markand reservoir: Sph = 1.74, Sc = 1.66, Sp = 1.91. This observation suggests that periphyton organisms
are more sensitive for determining saprobity in a pond.

In the rivers of benthic species, on the basis of the biotic Woodiwiss index, a higher saprobity was also
revealed: Ib =5 in the Nura and Kengir rivers, which corresponds to the alpha mesapaprobic zone.

Thus, the saprobity of rivers is more accurately determined by the attached periphyton and benthic indica-
tor species, while plankton is flowing, more provided with oxygen and lives in a less saprobic environment.

As the results of our work show, in each reservoir or watercourse the composition of species varies, de-
spite the fact that the studied lakes and rivers are within the same landscape-climatic zone of the Akmola and
Karaganda regions, and all of them are characterized as f-mesosaprobic. Thus, it is difficult to isolate specif-
ic cenotic communities of hydrobionts.

Table 6

Indicators of hydrobionts of reservoirs and watercourses of Akmola and Karaganda regions

Indicators of hydrobionts
Zoo
The name of the river. _ tPlhytoplankton _ 1Zooplankton Perefiton benthos
: e tota . e tota
reservors number of bTotal Saprobity number of Total Saprobity | Saprobity | Biotic
algal flora 10mas§ Index, algal flora b10mas§ Index, Sz | Index, Sp | index, IB
(thous. cl/cm?) mg/dm S ph (thous. cl/cm?) mg/dm

Nura River 0.38 0.278 1.82 3.33 42.37 1.83 1.91 5
Sherubainura River 0.47 0.267 1.89 2.08 15.14 1.85 2.02 —
Kara Karagir River 0.23 0.101 1.81 2.81 29.78 1.87 - 5
River Samarkand Reservoir 0.31 0.244 1.74 4.61 45.79 1.66 1.91 —
Kengir Reservoir 0.19 0.148 1.70 4.61 45.79 1.66 1.93 —
Lake Korgalzhinskoe 0.25 0.193 1.80 4.89 50.29 1.73 1.77 —
Lake Esey 0.264 0.21 1.85 3.02 44.1 1.72 — —
Lake Kokai 0.232 0.166 1.67 4.38 50.75 1.67 1.66 -
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Conclusions

1. The studied surface waters of the Akmola and Karaganda regions of the Nura River, Sherubainura,
Kara Kengir, Samarkand and Kengir reservoirs, Korgalzhinskoe, Esey, Kokai and Balkash lakes belong to
the 3rd class of water quality, mesotrophic, f-mezasaprobic by water quality.

2. For water bodies of the B-mesasaprobic zone of the Akmola and Karaganda regions, coenotic com-
munities of aquatic organisms differ in varying species composition, independent of the same landscape and
climatic conditions.

3. The periphytonic and benthic community in rivers shows higher indices of saprobity compared with
other aquatic communities.
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H.C. MawmpiToBa, JI.X. AxbaeBa, /I.B. Manamenkos, E.A. Tynerenos

2017 xxpL1FBI AKMOJIA KoHe KaparaHabl 00J1bICTAPbIHBIH
CY HbICAH/IAPBIHBIH THAPOOUOJIOTHSJIBIK KOpCceTKilTepi

Axmona men Kaparanapl obnbictapsl aiimarbinarbl Kopramkbsin, Eceit, Kokait kennepinge, Camapkann
sxoHe Kenrip cy xoimanapeinma, Hypa, Illepy6Gaiinypa, Kapa Kenrip esenaepinzme rumpoOHONOTHSIIBIK
KepceTKilTep 3eprrengi. Ocmeni aHTPONOreHIiK JXKYKTeMeHi eTkepeTiH Oerki cymapma 2017 k. Genroc,
Hepu(GUTOH, 300IUIAHKTOH, (UTOIUIAHKTOHHBIH KOPHEKUNIK JKUBIHTBIKTAphl aHbIKTanasl. [lepuduron,
300IUIAHKTOH, (UTOIIAHKTOHHBIH, COHIAH-aK OCHTOCTBIH TYPJEPiHiH Ti3iMi KYpacThIPBUIFaH, OJIAP/bIH
TapallyBbIHBIH epeKeniri oenrinenred. COHBIMEH Katap (HTO-, 300IUIAaHKTOH MeH HepH(UTOHHBIH 0aChIMIIBI
TYpi aHbIKTajbn Oesinren. Craiedek canpoMABIK HHICKCI CalbICTBIPBUIBII, €CEHTEI i, Cy KoHMalapbl MEH
Cy arbIHIapblHA JKaIbl SKOJOTHSIBIK Oara Oepinmmi. Axmona MeH Kaparanabl OOJBICTApBIHBIH O€TKi
CYyNapbIHBIH 3epTTeylepi Cy CamachlHBIH 3 KJIACBIHA JKaTagbl, MeE30TpO()THL, Cy camackl OOibIHIIA
B-me3ocanpoMabK. AKMoiIa MeH Kaparauibl 00IbICTapBIHBIH 3-Me30carpOMIbIK 30HAHbIH CYJIbl HBICAHAAPHI
YLIIH THAPOOHOTTApPABIH LEHOTHHAJbIK JKUBIHTBIFbI KIMMATTHIK JKOHE JaHWA(THIK Oipied skarjailmapra
GailaHbBICTBl eMeC aybITKbIMAJbl KOPHEHUTIK KYpambIMeH epekuieieHeni. O3eHaepaeri nepuuToH xoHe
OEHTOCTBI KMBIHTBIK I'MAPOOMOHTTAPbIH CAJIBICTBIPFAH/Ia CallPOMIIBIFBI JKOFaphl KapKbIHbIHA OCHiM Kemeni:
nepu(UTOHHBIH COKKBUIBIK HHICKCI jKoHe ByauBHCC HMHICKCI (HUTO- JKOHE 300IUIAHKTOHHBIH COKKBUIBIK
HHJICKCTEepiHe KaparaH/a JKOFaphl.

Kinm ce30ep: TuapoOuoHTTap, CanpoM/IbIK, ChIHAK-HBICAaHap, KOPCETKIIITEp, 300IUIAHKTOH AP, (PUTOIIIAHK-
ToHAap, nepuduToHIap, 3006€HTOC.

H.C. MawmsiToBa, JI.X. Akbaesa, /[.B. Manamenkos, E.A. Tynerenos

I'mapoOuosiornyeckne noka3sarejau BOJ0eMOB
AxkmosmHckoil u1 Kaparanaunckoi odsacreit 3a 2017 roa

Ha Teppuropun Axmonnuckoi n Kaparangunckoit obmactelt ObUIH M3ydeHB! THAPOOUOIOTHYECKUE TIOKa3a-
Tenu B o3epax Kopramxunckoe, Eceil, Kokail, B Bonoxpanunumax Camapkang u Kenrup, B pexkax Hypa,
[lepy6aitnypa, Kapa Kenrup. B BeIOpaHHBIX TOBEPXHOCTHBIX BOJIaX, KOTOPBIC UCIIBITHIBAIOT BO3PACTAIOLIYIO
AQHTPOIIOTCHHYIO HArpy3Ky, B 2017 r. ObUIM M3ydeHBI BUIOBBIE cOOOIIECTBA (PUTOIIAHKTOHA, 300IUIAHKTOHA,
nepudurona, 6eHroca. CocTaBieH nepedeHb BUAOB (DUTOIIAHKTOHA, 300IUIAHKTOHA, MepU(UTOHA, TaKKe
OeHTOCa, OTMEUEHBI XapaKTePHbIE 0COOEHHOCTH HX pacnpeneneHus. Takxke BbIIESIEHb JOMHUHUPYIOIIUE BU-
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Ipl Guro-, 300mnankToHa 1 nepupuTona. Takxke ObUIM BHIYMCICHBI H COIIOCTABJICHBI MHAEKCHI CAIPOOHOCTH
Cranedeka, ¥ JaHa oOlas 3KOJOTHYECKas OLEHKAa BOJOEMOB M BOJOTOKOB. BBIABICHO, YTO H3yYeHHbIE
MIOBEPXHOCTHBIC BOJbI AKMOJIMHCKON M KaparanamHckoil obnacteil oTHOCATCS K 3 KilacCcy KadecTBa BOIBI,
Me30TpOQHBIC, TI0 KA4eCTBY BOJBI [-Me30canpoOHbie. [jisi BOMHBIX 00BEKTOB OeTa-mMe30canpoOHOM 30HBI
Axmonmackol n Kaparanguackoit obnmacTtelt ieHOTHIECKHE co00IecTBa I'HPOONOHTOB OTIIMYAIOTCS BapbH-
PYIOIIMM BHJIOBBIM COCTaBOM, KOTOPBIH HE 3aBUCUT OT OJAMHAKOBBIX JAHAMIAQTHBIX U KIMMATHYECKUX YCIIO-
Buil. [lepudutonHoe u 6EHTOCHOE COOOIIECTBO B peKaX MMEET TCHACHIHUIO K 00jee BEICOKMM MOKa3aTelsiM
carpoOHOCTH 110 CPABHEHUIO C JPYTUMH COOOIIECTBAMHU THIPOOHOHTOB: HHACKCHI CallPOOHOCTH 110 Tepudu-
TOHY M MHZEKC BynuBucca Bbllie, 4eM HHICKCHI CalpOOHOCTH MO (QUTO- U 300IUIAHKTOHY.

Kniouegvie croga: canpoGHOCTD, THAPOOHOHTBI, TECT-00BEKTEI, HHAUKATOPHI, 300IUIAHKTOH, (DUTOIUIAHKTOH,
nepuUTOH, 3000€HTOC.
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