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Lakes Barun-Torey and Zun-Torey are the largest water bodies in Zabaikalsky Krai, and they are
characterized by long-term cyclic changes in the water level. Samples of the planktonic community
(algae and invertebrates) were collected from the Torey Lakes in June, August, and October in the
dry 2016. Collection and processing of the samples was carried out using standard hydrobiological
methods. The aim of the study was to investigate the planktonic communities in the Torey Lakes. The
lakes were in different hydrological phases: Barun-Torey was in the initial filling phase (with isolated
small lakes present on the dried bed), and Zun-Torey was in the shallowing phase. Considerable
differences were observed between the compositions and structures of the planktonic communities,
which were determined by the mineral content of the water. Diverse littoral plankton developed,
consisting of 2-25 taxa of algae (total number of taxa — 46) and 2-15 species of invertebrates (total
number of species — 29) in the oligohaline small lakes on the bottom of Lake Barun-Torey. The
abundance and biomass of aquatic organisms varied within very wide limits: for phytoplankton —
from 0.7 % 10° to 1260.0 x I(P cells / L and from 0.1 to 1271.0 mg / m’, and for zooplankton — from
9.2 x I(P to 19370.0 x 1P individuals / m* and from 3.8 to 361.7 g / m’. Freshwater and euryhaline
species were dominant. In polyhaline Lake Zun-Torey, the phytoplankton consisted of 3-12 taxa of
algae (total number of taxa — 18), and the invertebrate fauna included only 3 species. The abundance
of phytoplankton varied from 12.4 x 1(P to 310.7 % 1P cells / L and a biomass from 1.0 to 14.7 mg / m’,
and the abundance of zooplankton varied from 55.1 x 10° to 1656.0 x I(F individuals / m* and a
biomass from 1.1 to 85.5 g/ m’. Euryhaline and halophilic species dominated.
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Oco0eHHOCTH IJIAHKTOHHBIX CO00IECTB
Topeiickux o3ep (3adaiikaJabCKuii Kpai)
B MAJIOBOJHBIN roJx
E.IO. Aponuna, H.A. TamibikoBa

Hncmumym npupoonuix pecypcos, skonoeuu u kpuoaoeuu CO PAH
Poccus, 672014, Quma, yn. Heoopesosa, 16a

Osepa bapyn-Topeii u 3yn-Topeti asuaiomcea camvimu KpynHuolMu 6oooemamu 8 3a0aikanbCKom
Kpae, Ol HUX XAPAKMEPHA XOPOULO 8bIPANCEHHAA YUKAUUHOCTND, NPOABIAIOWAACT 8 MHOSONEMHUX
U3BMeHeHUAX YPOBHs 600bl. Mamepuanom 01 pabomul nocayxcuiu npodwl, coopantsie Ha Topeilickux
o3epax e uione, aseycme, okmsope 6 manosoousiii 2016 2. Coop u 06pabomra mamepuanos nposoouLacs
CO2NACHO CMAHOAPMHBIM  2udpobuosocudeckum memooam. Llenvio pabomer cmano usyueHue
ocobennocmetl pazeumusi RIAGHKMOHHbIX Ouoyen0308 Topelickux 03ep, 00HOBPEMEHHO HAXOOAWUXCS 8
pasnvix euoponocuieckux gazax: bapyn-Topeii — 6 nauanvhoti ghaze nanoanenus, 3yn-Topeil — 6 pasze
CHUCEeHUs YPOBHS 800bl. B paiione ceseproii okoneunocmu svicoxuieco bapyn-Topes é npedenax ona
€20 102ca OMMeUanUCh MeaKue 86000eMbl, UCHOYHUKOM NUMAHUSL KOMOPBIX CLYIHCULA MHOLONEMHSA
Mep310Ma U pasepy3Ka NOO3EeMHBIX 600 NO PA3IIOMY, NPOXOOAUEeMY NO 3anaonomy bepezy ozepa. B 3yn-
Topee npodoncancsa npoyecc oomenerus 6000emda, KOMopblll 3aKOHYULCA NPAKIMUYECKU NOTHbIM €20
svicvixanuem ocenvio 2017 2. Cocmas u cmpykmypa (umoniaHKmona u 300NAAHKMOHA 8 PA3Hble
2uoponoeuieckue nepuoobl UMelU CyujeCmeeHHble pasiuiis, onpeoeisemole ypOSHeM MUHepaIu3ayuu
o03epubix 600. B onucozanunnvix 6odoemax xomaosunvl bapyu-Topes pazeusanca aumopanbHuill
NIAHKMOYEHO3, cocmosuutl uz 46 maxkconog gooopocieu (npu korebanusx om 2 00 25) u 29 6udos
becnoszeonouHbLx (npu kKoaebanusx om 2 00 15). 3nauenus wuciennocmu u 6Guomaccol 2uOpPOOUOHMOE
KONebanuch 8 oueHb wupokux npedenax: pumonnankmon —om 0,7 0o 1260,0 moic. ka/n u om 0,1 0o
1271,0 me/m?, 300onnanxkmon — om 9,2 0o 19370,0 muic. sx3/m*> u om 3,8 oo 361,7 2/m?. Jlomunuposanu
NpPecHOBOOHble U 38puUcAluHHble 8UObL. Anbeodnopa noaueanunnozo 03. 3yn-Topeii cocmosina us
18 maxconos (npu eapvuposanuu om 3 00 12), payna 6ecnossonounvix —u3 3 6udos. Konuuecmeennoie
nokasamenu eapvuposanu om 12,4 0o 310,7 meic. ki/n u om 1,0 0o 14,7 me/m* ons pumonnanxkmona, u
om 55,1 00 1656,0 muic. ax3/m® uom 1,1 00 85,5 2/m* — onsa 30onnanxkmona. lpeobradanu sepuzanunivie

u eanoguivHble 8UObL.

Krnrouesvie cnosa: @umoniaHkmoH, 300N1AHKMOH, GUOOBOU COCMAB, YUCIEHHOCHb, Ouomdacca,

Topeiickue o3zepa.

Introduction which last 27-35 years, are controlled by the

The southeast Transbaikal region, with variations in atmospheric moistening, with

its arid and extremely continental climate, is
characterized by morphodynamic variability
(Bazhenova, 2013). The interdecadal cycles,

relatively moist and very cold periods alternating
with dry and relatively warm periods (Obyazov,

2012). Long-term cyclic changes have been
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observed in the levels of the largest water bodies
of the Zabaykalsky Krai — the Torey Lakes. Two
lakes (Barun-Torey and Zun-Torey) constitute
one hydrological system; they are connected by a
channel. In high water years, the surface area of
Lake Barun-Torey reaches 550 km?, the volume
is 1.4 km?, the maximum depth is 4.3 m, and the
average depth is 2.5 m. There are approximately
ten islands in the lake, and their number varies
depending on the water level. The bottom of the
lake is flat, and the deepest parts are in the centre
of the lake. The shoreline is crenelated, with
abundant headlands and bays. Two rivers flow
into the lake: the Uldza (Uldza-Gol) River, which
flows up from the south and forms a vast estuary,
and the Imalka River, which flows into the lake
from the west. The outflow only occurs in high
water years, while in dry years, the riverbeds dry
up. Because of this and a decrease in precipitation,
the lake quickly becomes shallow, and its surface
area shrinks, sometimes resulting in the drying-
up of the lake. Lake Zun-Torey is round, with a
weakly indented shoreline and a single island,
which turns into a peninsula when the water level
lowers. When the water is high, the surface areca
of this lake is 285 km?, the volume is 1.6 km?, the
maximum depth is 6.5 m, and the average depth
is 4.5 m. The greatest depth is in the northern
part of the lake, and the lake bed drops steeply.
The lake is mainly fed by the outflow from Lake
Barun-Torey. When the water level decreases, the
shallow Barun-Torey dries up sooner (Zamana,
Obyazov, 2004).

In the 20" and 21* centuries, low lake levels
were recorded from 1903-1904, 1921-1922, and
1944-1947 (the basins of the Torey Lakes were
dry), in 1951 (the level of Lake Barun-Torey was
low, and Zun-Torey was dry), and from 1981-1982
and 2009-2011 (Lake Barun-Torey was dry, and
the level of Zun-Torey was low). The highest lake
levels were observed from 1963-1965 and 1998-
1999 (Frish, 1972; Krendelev, 1986; Obyazov,

2012). In 2016, the lakes were in different phases
of the hydrological cycle. At the northernmost
point of Lake Barun-Torey, there were small water
bodies on its bottom; they were fed by permafrost
and groundwater discharge through the fracture
at the western shore of the lake. Lake Zun-Torey
was in the shallowing phase, at the end of which,
in autumn 2017, it was almost dry. The purpose of
this study was to investigate the development of
planktonic communities in the Torey Lakes that
were in different hydrological phases: while Lake
Barun-Torey was in the initial phase of filling, the

level of Lake Zun-Torey was lowering.

Materials and Methods

Phytoplankton and zooplankton of the
Torey Lakes were investigated in June, August,
and October 2016. In Lake Zun-Torey, samples
were collected at three coastal sites: in the west,
north, and southwest. Barun-Torey samples were
collected from small water bodies on the dry
bed of the lake; the area of each water body was
approximately 50 m?, and the depth was no more
than 50 cm (Table 1, Fig. 1).

Phytoplankton samples were collected
from the water surface into 1-L plastic bottles.
To collect zooplankton samples, 10-50 L of
water was filtered through a plankton net (mesh
size = 94 um). Samples were fixed in a 4%
formaldehyde solution and processed in the
laboratory using standard methods (Methodical
1984; Sadchikov, 2003).

Phytoplankton biomass was determined by

recommendations...,

measuring the volume of individual cells or
colonies of algae, and specific weight was taken
equal to unity. Volumes of algae were equated to
volumes of the corresponding geometric shapes
(Sadchikov, 2003). The biomass of zooplankters
was estimated using equations of the relationship
between body length and dry mass (Balushkina,
1979; Ruttner-Kolisko, 1977). The

source of the names of the algal taxa was the

Vinberg,
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Table 1. Physical and geographic parameters of the lakes studied in 2016

.. . . Water
Lake Position Point name Sampling date  TDS, mg/L temperature, °C pH
N50°13°37.0”
E115°40°12.1” BTI 10.06.2016 - 19.5 8.4
N50°14°04.3" 10.06.2016 - 16.6 _
E115°40°04.9 B-T2 01.08.2016 - 28.2 _
08.10.2016 — — _
N50°14°05.6” B.T 3 10.06.2016 - 15.1 8.5
E115°40°04.0” 01.08.2016 0.8 N -
Barun-Torey N50°13°56.3"
E115°39°51.2” B-T 4 01.08.2016 1.0 - _
N50°13°72.97”
E115°39°02.97” B-TS5 08.10.2016 1.0 44 8.2
N50°13°65.13”
E115°38’88.01” B-T6 08.10.2016 1.6 47 8.5
N50°13°82.63”
E115°39°161.13” B-T7 08.10.2016 0.9 4.6 8.2
N50°01°11.3”
E115°44739 7" Z-T1 10.06.2016 - 20.5 92
N50°06°25.6” 7T 01.08.2016 21.3 21.7 9.5
Zun-Torey E115%1°51.7” - 08.10.2016 - — -
N50°08°47.47” 773 01.08.2016 18.5 24.8 9.4
E115°47°51.76” B 08.10.2016 — — _
Note: “~” no data.

Fig. 1. Map of the sampling sites in the Torey Lakes in 2016
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world’s largest algological site, AlgaeBase (Guiry,
Guiry, 2016). Dominant species were determined
using the ranking function of relative species
abundance (Fedorov, Gilmanov, 1980).

At the time of sampling, water temperature,
pH, and total dissolved solids (TDS) were
measured using an Aquaread multiparametric

sensor for water analysis (Great Britain).

Results

The water in Lake Zun-Torey was difficult
to access because of sticky mud covering the
bottom of its coastal zone. At the sampling
location, the depth of the mud reached 50 cm, and
the thickness of the water layer was no greater
than 10 cm. Water in Lake Zun-Torey and the
water bodies in Barun-Torey were of an albescent
colour, except in the water body at the village of
Kulusutay (B-T 2), where water was grey-brown
because it was used as a watering place for farm
animals. The Secchi depth was 5-10 cm. In the
water bodies of Barun-Torey, TDS content was
0.8-1.6 mg/L, and the pH was 8.2-8.5; in Lake
Zun-Torey, TDS content was 18.5-21.3 mg/L, and
the pH was 9.2-9.5.

Phytoplankton of the Torey Lakes comprised
51 algal taxa below the genus level, which were

representatives of 7 phyla: Cyanobacteria,
Bacillariophyta, Cryptophyta, Heterokontophyta,
Charophyta, Chlorophyta, and Euglenophyta.
The greatest contribution to the taxonomic
diversity was made by green algae, diatoms, and
cyanobacteria, which constituted 78.5% of the
total algae (Tables 2, 3).

The list of zooplankton in the Torey Lakes
contained 30 species and subspecies: Rotifera
comprised 13 taxa, Copepoda 7 species, and
Cladocera 10 species (Tables 4, 5).

Phytoplankton of Lake Zun-Torey were
represented by 18 taxa of five phyla. The total
number of algae varied between 12.4 and
310.7 x 10° cells/L, and their biomass was
between 1.0 and 14.7 mg/m?. The highest values
were observed in October, and the lowest were
observed in August. In June, the numerically
types
(Planktolyngbya contorta) and green algae

dominant algae were cyanobacteria
(Oocystis submarina); in August and October, the
major type was green algae (Oocystis species and
Coenococcus planctonicus) (Table 6).
Lake

comprised three species. In early summer,
they reached 275.0 x 10° individuals/m® and

40.9 g/m’,

Zooplankton  of Zun-Torey

with  Metadiaptomus asiaticus

Table 2. The taxonomic structure of phytoplankton in the Torey Lakes in 2016

Number of
Phylum 3 2 E 2 .g E" 2 % of the total
2 3 E = 8 S 2 number of taxa
o S & 80 @ s bl
Cyanobacteria 1 3 4 4 5 6 11.8
Bacillariophyta 3 6 6 6 5 6 11.8
Cryptophyta 1 1 1 1 1 1 2.0
Heterokontophyta 1 1 1 1 1 1 2.0
Charophyta 3 3 4 4 2 4 7.8
Chlorophyta 2 5 13 19 27 28 54.9
Euglenophyta 1 1 2 2 2 5 9.8
Total 12 20 31 37 43 51 100
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being the dominant species. In August, the
total number of zooplankton varied between
55.1 and 1656.0 x 10° individuals/m?, and their
biomass was between 1.1 and 85.5 g/m’. The
major species was M. brachiata. In October, the
samples contained only Metadiaptomus: 175.1-
507.5 x 10° individuals/m® and a biomass of
21.9-61.1 g/m? (Table 6).

Water bodies on the bed of Barun-Torey
contained 46 algal taxa of seven phyla, and
the greatest diversity (25) was observed in
August. The numbers and biomass of algae
varied between 16.8 and 86.2 x 10° cells/L and
between 6.2 and 103.0 mg/m? in June, between
39.0 and 1260.0 x 10° cells/L and between 23.2
and 1271.0 mg/m?® in August and between 0.7 and
523.5 x 10 cells/L and between 0.1 and 544.3 mg/m?
in October, respectively. The dominant species
were green algae (Monoraphidium obtusum,
Chlamydomonas species, Tetraédron incus, and
Coenococcus planctonicus) and cyanobacteria
(Oscillatoria species) (Table 6).

The number of zooplankton species in Barun-
Torey water bodies varied from 2 (October) to 15
(August). In summer, the density of zooplankters
was very high, with their number and biomass
reaching 465.0-19370.0 x 10° individuals/m® and
21.1-361.7 g/m* in June and 246.5-2216.7 x 10°
individuals/m?® and 16.9-260.4 g/m® in August.
In October, these parameters were considerably
lower: 9.2-168.4 x 10° individuals/m*® and 3.8-
20.4 g/m’. In June, the major zooplankton species
were the rotifer Brachionus variabilis and the
crustaceans Chydorus sphaericus, Daphnia
magna, Eucyclops serrulatus and Acantocyclops
venustus; in August and October, the zooplankton

dominated by
dybowski, E.
and

community was copepods

(Thermocyclops serrulatus,

Megacyclops  viridis) cladocerans

(Ceriodaphnia pulchella, Simocephalus vetulus,
Daphnia Macrothrix

sinensis, D. magna,

laticornis) (Table 6).

Discussion

Changes in total dissolved solids caused by
dilution and evaporation concentration (Zamana,
Borzenko, 2010) affect all components of the
ecosystem, including planktonic communities.
According to the Venice System (Kozhova, 1987),
Barun-Torey small water bodies were classified
as oligohaline, and the water in Zun-Torey was
polyhaline. Planktonic communities developing
in aquatic environments with different chemical
compositions differ in their species diversity
and abundance. Ecogeographical analysis of
phytoplankton showed that the algae in the study
water bodies were mainly represented by species
that are planktonic/benthic (70.2%), have a wide
geographic range (87.5%), are indifferent to water
salinity (88.8%) and are alkaliphilic (61.5%).
Zooplankton were dominated by species with
a wide geographic range (44%) and eurybionts
(48%). As all water bodies were shallow and
the water was turbid (with transparency no
greater than 10 cm), they were mainly inhabited
by planktonic/benthic algae and eurytopic
invertebrates, which can develop in both benthic
and planktonic ecosystems.

The diversity of the plankton in the Barun-
Torey water bodies that were in the filling
phase was greater (46 algal taxa and 29 species
of invertebrates) than in the shallowing Lake
Zun-Torey (18 taxa and 3 species, respectively).
The quantitative parameters of the aquatic
organisms in the small water bodies were many
times higher than the corresponding parameters
in Lake Zun-Torey. The largest number of
phytoplankton cells was 4 times higher, and
the largest phytoplankton biomass was 85
times higher; the corresponding parameters
of zooplankton were 12 and 4 times higher,
respectively. The lowest density of organisms
in the Barun-Torey water bodies was observed
in autumn, and the highest was in summer. In

contrast, in Lake Zun-Torey, algal numbers and
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biomass were lower in the high-temperature
season than when the water was cooling. In both
lakes, the major contribution to the numbers and
biomass of the algae was made by cyanobacteria
and green algae, and they were also dominant
in other lakes of the same type (Doyle, 1990;
Vesnina et al., 2005; Zhao et al., 2005; Afonina,
Tashlykova, 2018). In the water bodies of Barun-
Torey, the flora of small-celled Chlorococcales
were more diverse. The zooplankton of the
water bodies of Barun-Torey were dominated by
freshwater and brackish-water representatives
of heleoplankton, while Lake Zun-Torey was
mainly inhabited by saltwater zooplankton. The
rapid development of some aquatic species in the
Barun-Torey water bodies is typical of shallow-
water ecosystems in arid regions and is caused
by the instability of the habitats associated with
cyclic climate variations (Kirilyuk et al., 2012).
The ecosystem of Lake Zun-Torey follows the
trend common for salt lakes, where lower water
levels lead to a higher salinity and pH and,
hence, to poorer species diversity (Gorlacheva et
al., 2014; Itigilova et al., 2014). As the chemical
properties of the water change, the total numbers
and biomass of aquatic organisms may either
increase (Echaniz, Vignatti, 2011; Vignatti et
al., 2017) or decrease (Balushkina et al., 2009;
Litvinenko et al., 2013).

Conclusion

The list of phytoplankton and zooplankton in
the Torey Lakes in the low-water 2016 consisted
of 51 algal taxa and 30 species and subspecies of

invertebrates. Phytoplankton and zooplankton
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