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1. Hydrochemical studies in Lake Baikal 
and its tributaries in 1926-2000.
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the lake from the surface to the bottom along all three 
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foreign researchers.
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of Baikal waters and its tributaries remains the urgent 
task due to the climate change and the increasing an-
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formed in the mouths of large tributaries and the litto-
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+ and 
Cl-
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 in the central basin of the lake. 

2. Hydrochemical investigations of Lake 
Baikal and its tributaries in 2000-2017.
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-

-
tical distribution of nitrate are similar to those of min-

-

-
trations throughout the water column are also insignif-

-

the bottom horizons. The littoral zone of the lake usu-

treated wastewaters from towns and settlements locat-

-
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The most detailed seasonal studies in the litto-

measurements of the surface and near-bottom water 

-
-

imum in the winter and a minimum in the summer. 

Table 1. 

Fig. 2. -

Fig. 1. 

Authors Ca2+ Mg2+ Na+ K+ HCO3
- Cl- SO4

2-
i

Vereshchagin, 1947 15.2 4.1 3.9 2.3 0.7 5.0 94.8

Votintsev, 1961 15.2 3.1 3.8 2.0 5.2

Falkner et al., 1991 3.1 0.9 0.4 5.5

Grachev et al., 2004 3.0 3.3 1.0 0.4 5.2 95.9

LIN SB RAS data, 2015-2016 3.1 3.4 1.0 0.5 5.4 94.3

-

-
centrations of biogenic elements and organic matter in 

-
-
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Fig. 4. 

Fig. 5. 
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-

e in -
ic load under the low water conditions also caused an 
increase in concentrations of biogenic elements in the 

lake. 
-

-
-

-
-

-

of biogenic elements were determined in the water of 

its basin. 

-
icant heights of their basins and higher moisture. For 

-

-

Fig. 6.  -

-

-
-

-
-

-

-

low mineralized and belong to the bicarbonate class of 

-

-

-
ganic matter coming along with the tributaries from 

3. Conclusion
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Fig. 1.  and con-
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-
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 It was based 
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-
ance method.
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ue md  
in 

-
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dimictic lakes in the world.

intrusions of cold water lowering to the horizon with 
cooling the waters 

-

100-222 m or more 
The actual data on annual heat budget of the 

-
-

near-

2. Heat balance of Lake Baikal

( -
-

-
-

tigations throughout the water column.

3. Intrusions

4. Ice-thermal and water regime of Baikal 
and the atmospheric circulation in the 
Northern Hemisphere in 1950-2017. 

( md
-

when cold water with md
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-
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of the lake 
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ice-thermal and water regime of Baikal from the middle 
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and autumn   The main role in chang-
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ing  belongs to the zonal transfer indices and 
 as well as the transfer blocking indices 

in circulation indices and  indicates the end of the 
intasecular 

 during the cold 
season determines its leading role in changing the char-
acteristics of the ice regime 

 During the 
zonal transfer and increase in its indices (1970-1995
the 

-
ness decreases 
in characteristics of the ice regime occur during weak-
ening of the zonal transfer and strengthening of the 
blocking mechanisms of  and  in 
1950-1970 and 
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 ( w
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zonal transfer indices and -

(r = 0. .  and with the indices
and r = -0. . in 

of the w -
.7-

0.9oC. 
in 

and 

Fig. 2. 

Fig. 3.

-0. in and .
0.
(r = 0. . and
(r = -0.

-

-
-
2 

= 0. . km3 The 

an-

 of the 



Shimaraev M.N. et al. / Limnology and Freshwater Biology 2018 (1): 10-14

13

References

-

-

-

-
-

-

-

-

-

circulation on the elements of ice-thermal and water regime 

-

-

-
-

Acknowledgments

-

-

-
-

the climate change -
 

territories with 

causes a decrease in the 

-

-
-

-

-



Shimaraev M.N. et al. / Limnology and Freshwater Biology 2018 (1): 10-14

14

-



Limnology and Freshwater Biology 2018 (1): 15-17 DOI:10.31951/2658-3518-2018-A-1-15

is fundamental for understanding the causes and con-
sequences of these changes and making management 

-
ict forms of crustacean. 

late 50s of the 20th -

lake (
The transformation 

-

-
ed  

at change in balance of the ration of large and small 
r-strategists

-

-
-

trout in Karelia are grown. Decrease in the total load 
 and organic matters from these farms is 

-

Gmelinoides fasciatus 
littoral zone of the lake can be regarded as an indirect 

-

 of the number and biomass of macrozoobenthos. 

-

-
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catchment area has been increasing.

.
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3. Modern ecosystem changes with climate 
warming

4. Results and discussion

2. Materials and methods

-
ematical modelling  and 
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resulted from changes in the biogenic load.  
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5. Conclusion
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the centralized wastewaters discharge into the lake out-

-
-

recession in 1990s led to a decrease in the ecological 

 

due to climate warming.
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as well as the abundance and structure of aquatic com-
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Baikal caused to a shift of the main ions balance in the 
-
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-
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-
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-

-

-

-

-
-

increase of burned combustible amount and to the deg-

4
2-

3
- + +

-

and alkaline-earth metal ions in aerosols increase when 
-

-

The contribution of regional industrial centers to 

-

-

-

This article summarizes the results of long-term 
-

ions of the lake.

2. Materials and methods

-

-

-
-

-

-

-
2+ 2+ + +

4
+

3
- -

4
2- 

4
2-

3
- -

4
+ were determined. Filter 3 

4
2- - were determined. In the aqueous 

4
+ ions were determined. The cor-

2 3 3 
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-

-

-
-

-

-
sition of the soluble fraction of the aerosol at the mon-

itoring sites began to be carried out since 1995. Figure 

-

-

-3 -
-3 -3. 

Changes in ion concentration of the aerosol are in fair 

-
-

-

-

-

-

-

of the Baikal region were ions of continental origin both 
+ +

- -. Earlier the authors noted that in 2005-

+ -
4
2-. 

K+ + -
4
2-

3
- -

the aerosol at the monitoring sites in 2014-2017 was 

-
-

-

-
-

3. The main result of studying of soluble 
fraction of atmospheric aerosol in the 
Baikal region

3.1. The Baikal region monitoring sites

Fig. 1.

-3
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centrations in the aerosol between the sites of Irkutsk 

-3 -
-3

was noted an increase in the total concentration of ions 
-3 -3. 

-

-
tion of ammonium was noticed and an increase of so-

of the aerosol that emerge at the monitoring sites in 

-
um and calcium.

3.2. Aerosol of the near-water layer of the atmo-
sphere of Lake Baikal water area

-

-
3 

4
+

4
2- -

to refer the Baikal aerosol to the background one. The 

-

-

-

-

blew and such a weather led to the air drought and 

-
-

 
-3

-3 -
ferences in the ratio of the ions and their concentra-

-

-
tions in the aerosol in 2010-2017 with similar data of 
2005-2008 showed an increase of the concentrations 

-

highest increase in the concentrations of 3-7 times was 
+ +

4
+ -

3
- ions in the 

-

4
2-

3
- -

4
+ + + 2+ 2+

Fig. 2.
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Component
Southern Baikal Central Baikal Northern Baikal

±MSD ±MSD ±MSD

Na+ 0.11 0.08 0.12 0.12 0.30

NH4
+ 0.44 0.15 0.21 0.09 0.15

K+ 0.20 0.41 0.15 0.15 0.33

Mg2+ 0.01 0.01 0.01 0.01 0.01 0.01

Ca2+ 0.12 0.09 0.07 0.07 0.07

Cl- 0.20 0.33 0.14 0.20 0.12 0.23

NO3
- 0.08 0.05 0.12 0.13 0.18

SO4
2- 0.58 0.49 0.41 0.35 0.40 0.49

ion 1.17 0.78 1.13 1.00

Table 1. ion -
-3

Fig. 3.
-3

trations of Ca2
+

4
2- did not change. The growth 

-
orological conditions of 2010 and 2012. Figure 3 clear-

-3

-3. The minimum total concentrations 

-3.

-

-
ments were higher. The concentrations of elements in 

-

The greatest increase in the concentrations of elements 

Baikal.
-

-

-
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-

of chemical elements in Baikal aerosol with factors of 

-
cates that factors of enrichment of most of the elements 

-

Table 2. 
3

Element
Southern 

Baikal
Central Bai-

kal
Northern 

Baikal
Southern 

Baikal
Central Bai-

kal
Northern 

Baikal

mean value in 2008-2010; 2015; 2017 August 2015

Al 87.8 77.5 448.2 408.5

V 0.23 0.11 0.07 0.32 0.23 0.15

Zn 110.2 123.0 59.9 443.3 318.4

As 0.17 0.08 0.05 0.23 0.25 0.18

Sr 4.1 4.2 2.5 20.2 23.7 14.5

Ba 178.7 204.1 121.1 1045.9 713.8

W 2.8 2.3 1.5 10.5 10.9

Pb 0.50 0.48 1.47 1.59 0.87

Fig. 4. Factors of enrichment of Baikal aerosol

which led to a shift in the balance of the main ions in 

were recalculated for nitrogen from nitrates and am-

of nitrogen with gases was calculated from the sum of 
3 3 2. The 

-
-

This distribution of substances was also noted earlier 

-
-
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-

-

with gases.

-

Table 3. -2 -1

Year
Irkutsk Listvyanka Mondy

N S N S N S

2000 132 511 147 223 30

2001 134 522 191 27 45

2002 114 39 38

2003 128 232 138 258 38

2004 249 77 147 17 113

2005 84 1004 37 918 41 279

2006 128 78

2007 182 234 42

2008 140

2009 121 87 528 5 15

2010 95 892 72 507 10 79

2011 72 851 40 334 10 48

2012 71 32 127

2013 599 42 14 40

2014 72 332 7 40

2015 134 100 419 12 59

2016 153 147 500 59 72

2017 134 830 115 499 42

-

1.5 times.

noted in 2014.

4. Conclusions

-
-

decrease in the sum of the concentrations of the main 

in total concentrations in the aerosol between Irkutsk 
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Table 4. -2

Period
Southern Baikal Central Baikal Northern Baikal

N S N S N S
2005-2008 181.2 144.0 53.3

2010-2017 149.1 108.3 81.2

-

-3

-3

site an increase in the total concentration of ions was 
-3 -3 -

4
+ 2

+
3
-

4
2-.

-

-

-

-
-

-

-3

-3

-

High concentrations of ions were detected 
 

-3 -3 -

-3

-
-

-

-

References

-

-

-

-

-

-

-

-



Golobokova L.P. et al. / Limnology and Freshwater Biology 2018 (1): 49-57

57

-

-

-

-
-

-
-

-
-

-

-

-

-
-

-

-
-

2011–2024. 

-

-

-
-

75–81.

-
-
-

-
-

-

-

-

Island.

-

-
-

-

-

-



Limnology and Freshwater Biology 2018 (1): 58-61 DOI:10.31951/2658-3518-2018-A-1-58

a
a

matter (a

a concentration and colored detrital 
matter (a a a

a
a a

Original Article

ABSTRACT.

-

Keywords  

* 1 2 2 3

3 3 3 3

1 Kovalevsky Institute of Marine Biological Research, RAS, Nakhimov Ave., 2, Sevastopol, 299011, Russia
2 Marine Hydrophysical Institute RAS, Kapitanskay Str., 2, Sevastopol, 299011, Russia
3 Limnological Institute, Siberian Branch of the Russian Academy of Sciences, Ulan-Batorskaya Str., 3, Irkutsk, 664033, Russia

Preliminary results of bio-optical 
investigations at Lake Baikal 

1. Introduction

58

2. Methods

(Ed

Ed

stored in liquid nitrogen for measurements in the 



Churilova T.Ya. et al. / Limnology and Freshwater Biology 2018 (1): 58-61

59

frozen in liquid nitrogen and stored in a dewar 

0.1 m quartz cell from 300 to 750 nm with dual-beam 

distribution of a a

S and S

a a
.3 mg m-3

a

Synedra acus subsp. radians (Kutzing) Skabitschevsky 
Gyrodinium helveticum 

3. Results and discussion

Fig. 1. a 
a -3

o

Fig. 2.

Baikal.

-3

20 m (230 mg m-3

a

a

a 
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a

a

the share of blue-green algae in the total biomass was 

a

a
-1

a

-1. The a
-1.

Fig. 4. a

Fig. 5. Downwelling radiance (Ed

Fig. 3.

Baikal.

4. Conclusion
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-
chemical lake records showed a clear decrease in sum-

-
curred about ca. 1570-1700 and 1830-1900. It assumed 

-

during 1590-1730.
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features of climate changes can be well illuminated. In 
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structures of the lake is destruction of the organic mat-
-

13

-
bottom.

-

-

Name Type Year of 
discovery

Depth, 
m

1 2000

2 2003 1352

3 K-2 2005 875

4 K-0 gm 419

5

1322

7 2007 1033

8 2007 821

9 2008

10 2009 1410

11 K-10 gm 2009 542

12 K-1 2010

13 2010 1391

14 K-8 gm 2010 432

15 K-9 2010

2010 514

17 K-4 2011 828

18 K-11 gm 2011 424

19 K-12 2011 502

20 2011 1258

21 Krest gm 2011 1288

22 K-3 2012 773

23 2012 740

24
mark

2012 941

25 Ukhan 2012 1392

gm 2012 1323

27 2013 759

Name Type Year of 
discovery

Depth, 
m

28 2013

29 K-5 2014 895

30 2014 1412

31 2014 451

32 2014

33 Barguzin gm 2014 1278

34 gm 2015 520

35 2015 937

2015 1019

37 Talanka 2015 999

38 gm 2015 1508

39 Kedr 2015 593

40 732

41 gm 953

42 Turka

43 Kedr-2 gm

44 gm

45 gm 2017 781

Turka-2 2017 711

47 gm 2017 584

48 gm 2018 1380

49 Enkhaluk 2018

50 2018 890

51 2018 810

52 gm 2018 422

53 gm 2018

54 gm 2018 520

Table 1.

mv gm
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2. NBD based dyes for vital staining

-

-

Frustules of the diatom algae contain an inter-
-

-

-

with >20 nitrogen atoms.

-
-

Fig. 2. 

Fig. 1. Aulacoseira baikalensis
Stephanodiscus meyeri Ulnaria ferefusiformis  

Lubomirskia baicalensis 
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L. baicalensis 

-

-

to obtain additional information about internal struc-
ture of the material without real slicing.

Fig. 3. L. baicalensis U. ferefusiformis
L. baicalensis -

Fig. 4.
U. ferefusiformis.

2 4 2 2

Fig. 5. 

L. baicalensis Baikalospongia bacillifera
Swartschewskia papyracea

- Baikalospongia intermedia

the biomass was treated with bleach. Fluorescence allows to 
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Fig. 6. 
U. ferefusiformis Aulacoseira

of L. baicalensis

Fig. 7.
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Fig. 1. 

2018.  a b
2 3

(2 -

-

-

-

-
ing1 -

-

-

of the ecological crisis in the coastal zone and main 

-

-
-

-

-
-

-

-

-

 Strictly speaking, correlation does not automatically mean, 
that two (or more) correlating processes have cause-and-

-

-

-

1

2

3



Timoshkin O.A. /  Limnology and Freshwater Biology 2018 (1): 81-97

83

for interdisciplinary research and moni-
toring 

-

-

-

-

-

-

-
-

ca. 1 m. 
-

-

-

-

-
-

-

-

-
2

-

-

 Literally, the permanent residents of this zone are already 

Fig. 2. -
-

1

2

-

-
3

3. Why coastal zone is so important for 
interdisciplinary investigations and 

-
cies in 14 largest lakes of the globe dwell the coastal 

-

-

 Means, that 1–2 species of turbellarians, oligochaetes, 
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alga -

-
U. 

zonata
2 Verru-

caria -

bottom of Baikalospongia
-

Second,
-

-

-

-

-
-

-
-

-

-

the granitoids with microcline and garnet rockstreaks 

the geochem-
 Sponges – the most abundant macrozoobenthos group in 

wet biomass may reach up to 3 kg/m2 for encrusting and 
2 – for Lubomirskia baikalensis (Kozhov et 

-

3.2. Zone of high benthos productivity

2 and 
2 4. These 

2

2

2

-
-

3.3. Zone of intensive biogeochemical 
processes 

-
tration of the authochtonous and allochtonous organic 

-
5

-

-

0

within 27–30 0
-

-
es. First,

-

 

composition of the interstitial waters of the splash and 
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-
-

-

Spirogyra
-

Spirogyra

-

In summary, Spirogyra spp. developed massively 
and even dominated the benthic macroalgal communi-
ty along much of the eastern coast, and in many places 
along the western coast of Lake Baikal.

 -

growth is ca. 200 -

ranging within 4–80

Spirogyra -

Oedogonium Fragilla- 
ria 

-

Spirogyra has also been de-

-
the number of 

areas with the all-the-year round Spirogyra spp. mass 
development is gradually increasing. The same is true 
for the gradual horizontal distribution of the alga along 

Only one of ca. 12 Spirogyra morphotypes, 
found in the Lake and its tributaries, has been domi-
nating

-

Spirogyra
-

-

Results of 2016–2018 investigations evidence, 
-

es develop from end of August till September–October 

ical factor shall be considered as one of the most im-

to 1550 000 m3

Therefore, 
the rocky bottom of the coastal zone shall be consid-
ered as an unlimited source of the vital elements and 
nutrients for Baikal ecosystem. 

responding to contamination

changes. 
First symptoms of phytoplankton and protozoo-

plankton degradation of the great lakes can be traced 
in the coastal zone. -

-

Aulacoseira baicalensis (K. 
Cyclotella baicalensis Stephanodiscus 

meyeri A. is-
landica 7 

dm3 Chlamydomonas
3

th

-
-

responders to anthropogenic contamination 

been detected in Baikal coastal zone within last 5–7 

-

Baikal algae – Spirogyra -
imum biomass in autumn in the shallow water zone 
throughout much of the lake8

-

 At the same time, these species vegetated in open areas of 

 It is easier to indicate areas where the alga was not found: 
Bol’shoi Ushkani Island, most of the coastline of Ol’khon 

Khuzhir), and the northwestern coast from Elokhin Cape 
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and creates the new for Baikal, well distinguished al-
gal belt at the depths range 1–10 m (with maximum 
abundance at 2–5 m) along to the west coast from 
Senogda Bay to Elokhin Cape.

of the belt distribution along to the west coast of the 

Spirogyra de-

-

Spirogyra morphotype 1 is very sensitive in-
dicator of the human wastes and should be considered 
as a perfect indicator of the sewage water contamina-
tion in oligotrophic ecosystems such as Baikal.

-
Cladophora glomerata

Elodea and 
Spir-

ogyra

2

mentioned regions belong to the near-shore settlements 

-

of nutrients can reach the interstitial and near-bottom 

-

 

-

Fig. 4. Spirogyra

Fig. 3 -

1

2

1

2
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Fig. 5.  Draparnaldioides  
1, 2 1 – ca. 2.5 mm. 
3 Draparnaldioides – ca. 1.1 mm.

1

3

2

their mass blooming found as well in the shallows of 
Phormidium, Oscil-

 and 
-

-

-
-

Baikalospongia

Lubomirskia baikalensis were found to be either sick or 

Baikalospongia 

-

2.
Phormidium 

and Oscillatoria 
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Fig. 6. 

1, 2 -

1 – ca. 20 cm. 3

1

2

3

-

-
-

-

the lake before. 
-

Lymnaea

 

Fig. 7. Phor-
midium

1–2 3 – underwa-
4

4

1

2

3

4
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as of the most abundant Spirogyra -

abundant Lymnaea shell accumulations found along the 

Lubomirskia baikalensis 

-

Phormidium
-
-

-

Lubomirskia bai-
kalensis

L. baikalensis

-
Drapar-

naldioides

-

the algal9 -

 Mass blue-green development on thalli of Draparnaldioides 
baikalensis in Bolshye Koty Bay was regularly detected 

Phormidium 
the basis of Draparnaldioides pumila.  

Fig. 8. 

11–12 m. 1–3
Baikalospongia 4–5 – 

-

1

2

3

4

5
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detected in south and middle basins10 on the encrusting 

2

also became abundant.

Zoochlorella
-

-

-

-
marid Macrohectopus branickii

-
-

8. High concentrations of the fecal indicating 

settlements. The same is true for the interstitial waters 

-

3.6. Invasive and non-indigenous species

-

Fig. 9. 
1 Draparnaldioides 2 – brown red 

Baikalospongia  

3, 4
-

the same stone unit.

1

2

3

4
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-

Spirogyra Lym-
naea -
ia Apatania majuscula

-
-

ing this zone in some areas of the middle basin.

4. Interrelationships of plankton and 
benthos development are most apparent 
in the coastal zone

 

-

-

“Melosira
-

Aulaco-
seira

-

-

determine them. It is well-known for Baikal research-

-
-

of benthic Baikal communities should likewise be dis-

-
tonic stage of Aulacoseira baicalensis -

Aulacoseira -
-

Fig. 10. Phormidium
on the surface of Baikalospongia -

110.5 cm2.

1

2

Fig. 11. Macrohecto-
pus branickii

1

2
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200911

-

bottom communities in the coastal zone demonstrate a 

-

For more clear correlation we need to know the multi-

Baikal ecosystem monitoring, one should consider this pos-
sibility of synchronic development of plankton and benthos 
in the coastal zone. 

Melosira

-
-

5. Bioconcentration and bioaccumulation 
of pollutants in coastal benthic plants 
and animals

 

-

and bioaccumulation in the coastal zone communities 

-
12

-
-

-

-

-

 In total, four types of the cryophilic communities were 

 Costal algae (Ulothrix zonata, Spirogyra
encrusting and branched sponges, gastropods, amphipods 
of Acanthogammarus

Fig. 12. 1, 2 3

1, 2 – 

3

1

2

3

ceed analogous concentrations in surrounding waters 
in hundreds of one times. In particular, we have found 
that the PCB concentrations in Lubomirskiidae bodies 
may exceed their concentrations in the water column 
100–1000 fold! -

Lubomirskia 
baikalensis

3 -

-
-
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of Acanthogammarus
-

-
Acanthogammarus

Besides measurement of POP and other pollutant 
concentrations in the waters, soils, sediments, we have to 

Fig. 13. “Melosira
Aulacoseira baikalensis

Aulacoseira Lubomirskia baikalensis

Fig. 14. Aulacoseira baikalensis

elaborate the list of indicative coastal Baikalian algae and 
invertebrates which are able to accumulate and concentrate 
these pollutants and promote this species list as a basement 
for the regular optimized monitoring scheme.

6. How the stable hydrochemical status 
of the water column may correlate with 
“casual” understanding of the term 
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-

-

-

-

-
cation sources” can be distinguished with regard to Bai-
kal ecosystem

-

7. Landscape-ecological approach and the 
universal scheme of the great lakes 
monitoring

 
-
-

-

-

-

-

-

-

established 8 standard transects along to the coastal 
-

8. Conclusion

-

-

-
tors of the water column of great lakes do not match 

Fig. 15. 
Gymnodinium

Gymnodinium
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-

-

-

Aulacoseira baicalensis

-

-

The nature and 
Melosira

Aulacoseira baicalensis -
Aulacoseira islandica

-

bina-

-

-
-
-
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