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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 × 103 to 1260.0 × 103 cells / L and from 0.1 to 1271.0 mg / m3, and for zooplankton – from 
9.2 × 103 to 19370.0 × 103 individuals / m3 and from 3.8 to 361.7 g / m3. 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 × 103 to 310.7 × 103 cells / L and a biomass from 1.0 to 14.7 mg / m3, 
and the abundance of zooplankton varied from 55.1 × 103 to 1656.0 × 103 individuals / m3 and a 
biomass from 1.1 to 85.5 g / m3. Euryhaline and halophilic species dominated.
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Особенности планктонных сообществ  
Торейских озер (Забайкальский край)  
в маловодный год 

Е.Ю. Афонина, Н.А. Ташлыкова
Институт природных ресурсов, экологии и криологии СО РАН 

Россия, 672014, Чита, ул. Недорезова, 16а

Озера Барун-Торей и Зун-Торей являются самыми крупными водоемами в Забайкальском 
крае, для них характерна хорошо выраженная цикличность, проявляющаяся в многолетних 
изменениях уровня воды. Материалом для работы послужили пробы, собранные на Торейских 
озерах в июне, августе, октябре в маловодный 2016 г. Сбор и обработка материалов проводилась 
согласно стандартным гидробиологическим методам. Целью работы стало изучение 
особенностей развития планктонных биоценозов Торейских озер, одновременно находящихся в 
разных гидрологических фазах: Барун-Торей – в начальной фазе наполнения, Зун-Торей – в фазе 
снижения уровня воды. В районе северной оконечности высохшего Барун-Торея в пределах дна 
его ложа отмечались мелкие водоемы, источником питания которых служила многолетняя 
мерзлота и разгрузка подземных вод по разлому, проходящему по западному берегу озера. В Зун-
Торее продолжался процесс обмеления водоема, который закончился практически полным его 
высыханием осенью 2017 г. Состав и структура фитопланктона и зоопланктона в разные 
гидрологические периоды имели существенные различия, определяемые уровнем минерализации 
озерных вод. В олигогалинных водоемах котловины Барун-Торея развивался литоральный 
планктоценоз, состоящий из 46 таксонов водорослей (при колебаниях от 2 до 25) и 29 видов 
беспозвоночных (при колебаниях от 2 до 15). Значения численности и биомассы гидробионтов 
колебались в очень широких пределах: фитопланктон – от 0,7 до 1260,0 тыс. кл/л и от 0,1 до 
1271,0 мг/м3, зоопланктон – от 9,2 до 19370,0 тыс. экз/м3 и от 3,8 до 361,7 г/м3. Доминировали 
пресноводные и эвригалинные виды. Альгофлора полигалинного оз. Зун-Торей состояла из 
18 таксонов (при варьировании от 3 до 12), фауна беспозвоночных – из 3 видов. Количественные 
показатели варьировали от 12,4 до 310,7 тыс. кл/л и от 1,0 до 14,7 мг/м3 для фитопланктона, и 
от 55,1 до 1656,0 тыс. экз/м3 и от 1,1 до 85,5 г/м3 – для зоопланктона. Преобладали эвригалинные 
и галофильные виды.

Ключевые слова: фитопланктон, зоопланктон, видовой состав, численность, биомасса, 
Торейские озера.

Introduction

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

which last 27-35 years, are controlled by the 
variations in atmospheric moistening, with 
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 km2, the volume 
is 1.4 km3, 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 area 
of this lake is 285 km2, the volume is 1.6 km3, 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 20th and 21st 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 m2, 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 µm). Samples were fixed in a 4% 
formaldehyde solution and processed in the 
laboratory using standard methods (Methodical 
recommendations…, 1984; Sadchikov, 2003). 
Phytoplankton biomass was determined by 
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, 
Vinberg, 1979; Ruttner-Kolisko, 1977). The 
source of the names of the algal taxa was the 



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

Lake Position Point name Sampling date TDS, mg/L Water 
temperature, ºC pH

Barun-Torey

N50°13’37.0” 
E115°40’12.1” B-T 1 10.06.2016 – 19.5 8.4

N50°14’04.3” 
E115°40’04.9” B-T 2

10.06.2016 – 16.6 –
01.08.2016 – 28.2 –
08.10.2016 – – –

N50°14’05.6” 
E115°40’04.0” B-T 3

10.06.2016 – 15.1 8.5
01.08.2016 0.8 – –

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-T 5 08.10.2016 1.0 4.4 8.2

N50°13’65.13” 
E115°38’88.01” B-T 6 08.10.2016 1.6 4.7 8.5

N50°13’82.63” 
E115°39’161.13” B-T 7 08.10.2016 0.9 4.6 8.2

Zun-Torey

N50°01’11.3” 
E115°44’39.7” Z-T 1 10.06.2016 – 20.5 9.2

N50°06’25.6” 
E115°41’51.7” Z-T 2

01.08.2016 21.3 21.7 9.5
08.10.2016 – – –

N50°08’47.47” 
E115°47’51.76” Z-T 3

01.08.2016 18.5 24.8 9.4
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 × 103 cells/L, and their biomass was 
between 1.0 and 14.7 mg/m3. The highest values 
were observed in October, and the lowest were 
observed in August. In June, the numerically 
dominant algae types were cyanobacteria 
(Planktolyngbya contorta) and green algae 
(Oocystis submarina); in August and October, the 
major type was green algae (Oocystis species and 
Coenococcus planctonicus) (Table 6).

Zooplankton of Lake Zun-Torey 
comprised three species. In early summer, 
they reached 275.0 × 103 individuals/m3 and 
40.9 g/m3, with Metadiaptomus asiaticus 

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

Phylum

Number of

% of the total 
number of taxa

cl
as

se
s

or
de

rs

fa
m

ili
es

ge
ne

ra

sp
ec

ie
s

va
rie

tie
s, 

fo
rm

s

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 × 103 individuals/m3, and their 
biomass was between 1.1 and 85.5 g/m3. The 
major species was M. brachiata. In October, the 
samples contained only Metadiaptomus: 175.1-
507.5 × 103 individuals/m3 and a biomass of 
21.9-61.1 g/m3 (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 × 103 cells/L and 
between 6.2 and 103.0 mg/m3 in June, between 
39.0 and 1260.0 × 103 cells/L and between 23.2 
and 1271.0 mg/m3 in August and between 0.7 and 
523.5 × 103 cells/L and between 0.1 and 544.3 mg/m3 
in October, respectively. The dominant species 
were green algae (Monoraphidium obtusum, 
Chlamydomonas species, Tetraëdron 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 × 103 individuals/m3 and 
21.1-361.7 g/m3 in June and 246.5-2216.7 × 103 
individuals/m3 and 16.9-260.4 g/m3 in August. 
In October, these parameters were considerably 
lower: 9.2-168.4 × 103 individuals/m3 and 3.8-
20.4 g/m3. 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 
community was dominated by copepods 
(Thermocyclops dybowski, E.  serrulatus, 
Megacyclops viridis) and cladocerans 
(Ceriodaphnia pulchella, Simocephalus vetulus, 
Daphnia sinensis, D.  magna, Macrothrix 
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 

were mainly represented by euryhaline species 
with a wide geographic range. The main factor 
determining the composition and structure of 
phytoplankton and zooplankton communities 
is the mineral content of lake water. Conditions 
in shallow oligohaline water bodies in the basin 
of Barun-Torey, which were in the filling phase, 
were favourable for the development of diverse 
and abundant littoral planktonic communities, 
with 46 algal taxa and 29 species of invertebrates. 
The numbers and biomass of aquatic organisms 
varied widely: phytoplankton between 0.7 
and 1260.0 × 103 cells/L and between 0.1 and 
1271.0 mg/m3 and zooplankton between 9.2 and 
19370.0 × 103 individuals/m3 and between 3.8 and 
361.7 g/m3. The major species were freshwater 
and euryhaline. In the drying polyhaline Lake 
Zun-Torey, phytoplankton and zooplankton 
communities consisted of a few species (18 algal 
taxa and 3 species of zooplankton). The number 
and biomass of phytoplankton varied between 
12.4 and 310.7 × 103 cells/L and between 1.0 and 
14.7 mg/m3, and the corresponding parameters of 
zooplankton varied between 55.1 and 1656.0 × 103 
individuals/L and between 1.1 and 85.5 g/m3. 
Euryhaline and halophilic species dominated.
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