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Preface to the first edition

Baka is the deepest lake on earth and one of the most ancient. The pronounced endemism
and specific wealth of its fauna and flora has attracted the keen interest of biologists and
biogeographers al over the world.

A dtart on the Baikal studies was made at the middle of the 18 century, but they have
been carried on with the greatest intensity in the 20 century, and a lot of works devoted
to it have appeared in this period. Hence there is an urgent need for a summary of the main
results of more than 250 years' study of one of the most remarkable lakes of our planet,
and this the author has endeavoured to provide. A zoologist and hydrobiologist himself, he
has concentrated on the living world of the lake.

The author has for many years worked at Baikal as head of the Biologo-Geographical
Institute and the Baikal Biological Station of Irkutsk State University. In preparing this
book for the press the author has received invaluable assistance from cartographer N.V.
Tyumentsev, algologists N.L.Antipova and O.M.Kozhova, hydrobiologists G.L.Vasilyeva,
G.l.Shnyagina, L.J.Protasova and R.A.Golyshkina, painters B.l. Lebedinsky, N.N.Kon-
dakov and from V.B.Kochetkov, who has been of great help in preparing the English text.
Very valuable advice and recomendations have been given to the author by L.A.Zenkevich
(Moscow), B.G.loganzen (Tomsk), E.l.Lukin (Kharkov), M.Yu.Bekman (Institute of
Limnology), G.G.Martinson (Institute of Limnology), N.l.Livanov (Kazan), V.V.lzosimov
(Kazan), A.A.Linevich (Irkutsk), G.G.Abrikosov (Moscow), G.l.Galazy (Institute of
Limnology), and K.K.Votintsev ( Institute of Limnology), to dl of whom he expresses
profound gratitude.

The author is grateful to the late Prof. Dr. W.W.Weisbach, Den Haag, and to Dr. W Junk,
Publishers, Den Haag, for having given him an opportunity of publishing this work in the
Monographiae Biologicae series, to Mr. Allan Brindle of the University of Manchester,
who read the whole manuscript before it was sent to the printers and to Mr. K.J.Plasterk
of Dr. W.Junk, Publishers for the proof-reading and his work in the preparation of the book
and the indices.

Irkutsk, USSR. Mikhail Kozhov



Preface to the second edition

Lake Baikal continues to be a focus of interest for scientists in the field of nature conser-
vation. The anthropogenic load on the lake is now becoming so great that we came up with
the idea of a new edition of the book 'Lake Baikal and its Life' by M.M. Kozhov, which
has always been highly appreciated by specialists. Many new data on Lake Baika have
since been aobtained by members of the scientific school established by M.M. Kozhov, who
carried out research on Lake Baikal using his programs and recommendations. This made
it possible to preserve the basic structure of the original book, while supplementing it with
new data, predominantly published and unpublished, including the book of M.M.Kozhov
'Ocherki po baikalovedeniyu '(Treatise of Baikalogia), 1972. In addition, new sections for
this edition were written by:

G.P. Chernyaeva (Bacillariophyta in bottom sediments); O.M. Kozhova, B.K.Pavlov and
E.A.Silow (Economic use and anthropogenic pressure); L.I. Lut (Climate); V.M. Nikitin,
L.P.Spiglasov and V.A. Verkhozina (Bacterioplankton and bacterioneuston); SM. Popova
(Palaeoclimate, palaeontology); P.P. Sherstyankin (Optical properties); M.N. Shimaraev
and V.I.Verbolov (Water temperature and circulation ); V.V. Smirnov (The omul); K.K.
Votintsev (Water chemistry); L.A. Vykhnstyuk (Bottom chemistry); as well as by V.R.
Alexeev, E.M.Bolonov, V.V.Cherepanov, E.A.Erbaeva, L.Z. Granina (Leibovich), L.A.
Izhboldina, E.Ph. Kornakova, V.D.Mats, E.A. Maximova, B.F. Zhukov.

Major work to improve the section on fauna and benthos was carried out by T.Ya
Sitnikova and M.Yu. Bekman; on flora and plankton by O.M.Kozhova and L.R. Iz-
mest'eva, as well on free-living ciliophora by L.P.Obolkina; on spongia by S.N. Efremova
and M.A.Gureeva; on freeliving nematoda by S.Ya Tsalolokhin and A.V.Shoshin ; on
mermithidae by M.Yu. Bekman; on parasitofauna by O.T.Rusinek and T.M.Timoshenko;
on cyclopoida and ostracoda by G.F.Mazepova, on cladocera and rotifera by N.G.
Sheveleva and G.I. Pomazkova; on mollusca by Ya.l. Starobogatov and T.Ya Sitnikova,
on mammalia by B.K.Pavlov.

Consultations on separate systematic groups were acquired from V.R.Alexeev, 1.V.Mek-
hanikova, G.L.Okuneva, V.A.Ostroumov, V.I. Provis, N.A.Rozhkova, V.G.Sideleva, V.V.
Takhteev, K.V.Varykhanova.

Lists of species of Baikalian flora and fauna as stated at the beginning of the 90s and their
compilers are given in the Appendix according to the scheme developed by O.M. Kozhova.
Manuscript was prepared for printing by O.M.Kozhova, T.YaSitnikova and L.RJz-
mest'eva with the assistance of LK.Bokova, |.Yu.Kuznetsov and S.V.Shimaraeva. The
translation was undertaken by R.G.Saifutdinova

We would like to express our sincere thanks to Prof. H.J. Dumont (Ghent, Belgium) for
his valuable assistance during the early phases of the preparation of this volume. Several
colleagues have offered valuable suggestions on the taxonomy and nomenclature of the
taxa listed in the appendices ; these are : C. Cocquyt (Algae), W. Decraemer (Nematoda),
K. Martens (Ostracoda), P. Martin (Ohgochaeta) and H. Segers (Rotatoria).

We appreciate much the efforts of al colleagues who contributed to this book.

Irkutsk, Russia O.M. Kozhova
July 1998 L.R.Izmest'eva



Evolution and biodiversity in Lake Baikal

Most lakes have a post-glacial origin, which means that they have existed for less than 10-
15,000 years About two dozen lakes on Earth, however, are significantly older, up to three
orders of magnitude, and can be considered ancient or long-lived lakes (Gorthner 1994)
Of these ancient lakes, Lake Baikal is the absolute champion, it is the oldest (the lake has
existed continuously, in one form or other, for 30 Myr or more) and the deepest (close to
1,700 m deep, and oxygenated down to the deepest point) of al lakes, and it holds the
largest single volume of unfrozen fresh water on the planet (about one fifth of the global
supply) (Martin 1994) This combination of factors, together with numerous others, has
made that Lake Baikal now holds the largest number of described metazoan species of al
known lakes and can be considered a centre of megadiversity

For more than one hundred years, scientists (mostly Russian) have studied the diversity
and origin of life in this unique lake, as well as the environment in which this astonishing
biological diversity has developed and presently lives physical and chemical limnology,
geological history of the lake and its ancestral basins and so on As most reports of these
investigations were published in Russian, the lake remained relatively ill-known in the
western world until Brooks made ample mention of it in his 1950 milestone paper on
'Speciation in Ancient Lakes' Nevertheless, if anything, this review showed that a wealth
of information was at that stage still hidden in the Russian literature, so it was not until
Kozhov's famous (1963) book on 'Lake Baikal and its Life' that Baikal became redly
known and appreciated outside of the (then) Soviet Union Kozho\'s book, an English
version of his Russian volume 'Biologija ozera Baikal' (The Biology of Lake Baikal),
appeared in the prestigious series Monographiae Biologicae and became at once the bible
of biological studies on Lake Baika The importance of this book (both in the former
Sovjet Union and in the western world) cannot be overestimated, as it has stimulated many
young researchers to direct their future research projects towards work on this lake, exam-
ples from it were cited in several basic text books on evolution and speciation and it has
remained the main reference work on the biology of Lake Baika up to this very moment
more than one fourth of all papers in the proceedings of the first workshop on 'Speciation
in Ancient Lakes-SIAL' (Martens et a 1994) till refer to this work Kozhov (1963) is, by
al standards, a classic book

However, there is a time when even classics become, to some extent, dated Kozhov's
standard work was published 35 years ago and written amost 40 years ago Meanwhile,
things have changed The lake is till there and much of the aobjective data published in
1963 remain valid, but a weath of new information, new theoretical approaches and new
methods have become available The time had come to provide a revised edition of 'Lake
Baikal and its Life' and it is most fitting that Mikhail Kozhov's daughter, professor Olga
M Kozhova, and granddaugher, Dr Lyubov' Izmest'eva, have edited the present book
together Several members of the Institute of Biology at Irkutsk State University, as well
as people of the Limnological Institute of the Siberian Branch of the Russian Academy of
Sciences have summarised the information gathered during the past four decades of dedi-
cated research and integrated it with Kozhov's origina compilation The collaboration of
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scientists from both Institutes is again most fitting, as these two laboratories have been the
nuclei and the driving force behind most of the biological research on the lake.

The production of such a massive review takes a long time, and it is therefore under-
standable that the most recent literature on Lake Baika and its biota could not be included.
For example, the various papers on Lake Baikal presented at (and since) the first SIAL
conference in 1993 (see above) and published in Martens et a. (1994) have not been
integrated. Nor has it been possible to cite the first volume of a series of fauna treatments
on Lake Baikal, edited by O. Timoshkin, and which appeared (in Russian) in 1995. Finally,
the application of molecular techniques, using both allozyme divergence with starch gel
electrophoresis and DNA-based phytogenies, on Baikalian faunas is a rather recent devel-
opment, which is also not yet integrated in the present volume. Nevertheless, the present
book is dtill a monumental monograph on the most fascinating lake in the world, much
more than just a second edition of the successful 1963 book. It fulfills a need, which has
been increasingly felt for more than a decade. Its appearance is timely, as there is a rea
impetus in research on evolution in ancient lakes in general, and on Baikal in particular
(Fryer 1995, Martens 1997). Many of the international research projects during the past
years have been initiated under the auspices of the Baikal International Center for Ecologi-
ca Research (BICER).

The book aso comes at a moment when the great lake is, unfortunately, still in peril, as
is extensively outlined in chapter 7 of this book. In spite of the fact that measures have been
taken by the Russian government to protect one of the most valuable world heritage sites
in Asia, we are till ignorant of the vulnerability of such complex, and fine-tuned ecosys-
tems to external influences. We simply don't know the effects of eutrophication, excess
sediment input, slight temperature changes caused by globa climatic change, etc. on the
endemic fauna and flora and the ecosystem functioning of Lake Baikal. More research on
the effects of biodiversity on ecosytem resilience is necessary and Lake Baika is the perfect
natural laboratory for such concerted research projects by Russian scientists, in close col-
laboration with the international scientific community. Continued research at al three main
levels of biodiversity (molecular, taxonomic, ecosystem) is an absolute necessity for the
future survival of this unique lake. The present book will facilitate these initiatives. It can
be read as a basic encyclopedia of extant knowledge, but aso as a shopping list of possible
(and necessary) research projects.

Koen Martens
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Introduction

The unusual size and depth of Baikal and the origi-
nality and wealth of its fauna and flora have long
attracted the attention of scientists the world over

The first data on Baikal were published back in
the 18" century by G G Gmehn 1751-52, PS
Pallas 1776,1811, IG Georgi 1775, and other ex-
plorers of Asia But the foundations of the Baikal
studies were laid by the remarkable investigation
of B Dybowsky, who worked here in 1868, 1870
and 1876, and also by the expeditions of Prof
A A Korotnev of Kiev University, who studied
Baikal in 1900-1902 The same years witnessed
important research in the morphometry, cartogra-
phy and hydrology of the lake Scientists in many
countries took an active part in the studying of ma-
terial collected by these expeditions and individua
researches

After a certain interval the studies of Baikal
were restarted and have continued ever since An
important part in these studies has been taken by
the USSR Academy of science and Irkutsk State
University In 1918-20 the Academy of Sciences
st up a permanent base for the study of the lake,
situated 23 km to the north of the outflow of the
River Angara, in the area of the mouth of the River
Bolshiye Koty Soon afterwards this base was re-
organised into the Biological Station and since
1921 it has been disposal of Irkutsk State Univer-
sity Prof V N Yasnitsky was its first director,
since 1931 it has been headed by author of this
book MM Kozhov (1890-1968) Continued ob-
servations on the Baikal ecosystem state, started on
the Baikahan Biological station, have become a
basis for ecological monitoring of Baikal, which
permitted to make prognoses for its change under
pressure of anthropogenic factors

The Biological station, as well as the Biologo-
Geographical Institute of the Irkutsk State Univer-

sity (now the Scientific-Research Institute of Biol-
ogy), at the first stage of their existence in many
ways owed their success to the efforts of the pro-
fessors of the Irkutsk University V Ch Dorogostai-
sky and B A Svarchevsky

In 1925, the Academy established the perma-
nent Baikal Limnological Station, which till 1942
worked under the guidance of the distinguished
limnologist G Yu Vereshchagin, who died in that
year Recently it has been reorganised into the In-
stitute of Limnology of the Siberian Branch of the
Russian Academy of Sciences Studies of Baikal
have also been conducted by many other scientific
establishments and workers of the fishing industry,
hydro-meteorology service and so on

As a result of these studies, Baikal has emerged
before us, not only as a museum of living antiqui-
ties, which it was considered to be before, but also
as a vast centre ot autochthonous speciation con-
tinuing at present as well This process is the most
remarkable feature of the living world of the great
lake Today, science has fathomed deeper than
ever before the distinct past of Balka And we can
better visualise the history of its remarkable fauna
We know now that over millions of years Baikal
and the country around it have lived through many
changes They have seen the rise and change of
mountain structures, the subsidence of extensive
mtermountain tectonic depressions connected with
Baikal and their filling with deep waters, the tran-
sition from warm, almost subtropical climate of the
middle of the Tertiary period to the rigorous Qua
ternary climate and, finaly, the moderately cold
climate of the modern period, and the reshaping of
the hydrographic network linking Baikal with the
neighbouring biogeographical regions from which
it could receive new immigrants The outlook of
the lake itself has aso been changing gradualy A



2

Introduction

system of comparatively small lakes, embryos of
Baikal, had developed into a single vast and colos-
sad deep body of water whose trough is the deepest
continental depression in the crust of the Earth.

All these phenomena were bound to have a de-
cisive influence on the formation of a distinct
world of organisms which gradually colonised the
lake from the shores to the greatest depths. Life
conditions in Baikal proved so favourable for some
of the immigrants that they have thrived on an un-
precedented scale there, forming a multitude of
new species and genera. Elucidation of the time
and ways of penetration of the ancient fauna into
Baikal basin and the laws governing its further
evolution, which has brought about such striking
results, is a primary task which will help in under-
standing the problems of world biogeography and
the theory of evolution.

Elaboration of this problem has been greatly fa-
cilitated by recent palaeontological studies in the
areas of old continental depressions in Central
Asia which were once filled with extensive lakes.
The problem of the history of Baikal has in itself
provided an impetus to a profound study of the
geological history and biogeography of the regions
neighbouring on Baikal and aso of the ancient
hydrographycal communications which existed in
Central and North Asia. Among the results of re-
cent geomorphological and biogeographical stud-
ies of special importance for Baikal problems is the
discovery of extensive and deep tectonic depres-
sions of the Baikal system situated in the vicinity
of the lake. The large residual lakes still covering
the bottom of these depressions have been found to
contain living remnants of the Baikalian fauna
(Kozhov, 1942,1949).

Considerable additions to the knowledge of the
systematic composition of the Baikalian flora and
fauna and its congeneric ties with analogous florae
and faunae of other countries have been made in
the last years. Large-scale studies have been car-
ried out on the distribution of fauna and flora on
the bottom and in the mass of water of the lake, as
well as of such important factors of the water en-
vironment as temperature, chemistry, light inten-
sity and types of sediment peculiar to the separate
zones and biotopes of Baikal.

Of great interest are the results of the study of
seasonal phenomena in the life of Baikal's pelagic
zone, vertical and horizontal movements of pelagic

organisms, food relationship between widespread
species, diurnal vertical migrations and seasonal
and annual fluctuations in the crop of plankton.
This results may prove a maor contribution to the
limnology and ecology of hydrobiota.

In connection with the problem of Baikal, a
study has been made of the hydrofauna of the
drainage of the Angara and the Yenisel, and the
lakes and rivers of the Baikal and trans-Baikal
areas. It has been found that only a few Baikalian
species live in some of the lakes connected with
Baikal. But none of them ever penetrates very far
up the affluents of Baikal. It is only down the An-
gara and the Yenisal that dozens of littoral species
of the Bakalian fauna spread for thousands of
kilometres, right up to the Arctic coast inclusive.
En route they settle in big running-water lakes,
including relict lakes (Taimyr, for instance) These
facts help towards a deeper understanding of the
part played by ecological conditions are responsi-
ble for the so-called immiscibility of the Baikalian
fauna with ordinary widespread Euro-Siberian
fauna inhabiting the lakes and rivers of Siberia

All these problems have become more urgent in
view of the necessity of protecting biodiversity on
Earth and making prognoses for natural ecosystem
changes under all-growing pressure of anthropo-
genic factors. As the results of the study on Baikal
show, the answer to alarming the mankind ques-
tions can be got only if we become aware of the
entire processes occurring in natural ecosystems.
Baka as a treasure chest of fresh waters deserves
now and in future much attention not only of Rus-
sia but of the world community.

We have mentioned here only the main trends of
the Baikalian studies. The results of these studies
have been printed in many hundreds of works scat-
tered in a numerous publications, and the need has
long since been fdt for a work summing up the
results of these studies. This book is designed to
fill, as far as possible, this need and provide a con-
cise review of the results of the many years of Bai-
kal studies and also to outline their further task.
We hope that our work will further help to enhance
the interest in Baikal, which presents, as it were, a
gigantic natural laboratory making possible a fruit-
ful study of the evolution of aquatic organisms, the
formation of peculiar endemic complexes, and
other important biological and biogeographical
problems.



Chapter 1
Natural Conditions

1.1. Geographical position and nature of the
region

Lake Baika is the world's deepest lake and one of
the largest, stretching like a giant crescent, 636 km
long and up to 80 km wide, amidst mountains on
the north-eastern borders of Centra Asia, a an
altitude of 455.6 m asl. (Fig. 11). Covering an
area of 31,500 km? Baika ranks seventh in the
world after the Caspian and Aral seas, the North-
American lakes Huron, Michigan and Superior,
and Lake Victoria in Africa

In depth (1,620 m), Baikal has no rivals in the
world.

With its bottom lying at 1,164 m below ocean
level, it is the deepest continental depression on
our planet.

The Baika rift zone possesses many specific
features, although its general evolution has much
in common with that of other continenta rifts. It is
isolated from the World Rift System, presenting an
autonomous complex of Cenozoic tectonism and
\olcanism. Local energy sources played a domi-
nant role in its formation, although the stress field
of the Baikahan rift zones has been influenced by
movements of large blocks of the Asian htho-
sphere. The Baka zone exemplifies directional
control of its faults and graben by a structural
amsotropy of the pre-existing basement, dependent
on the degree of obliquity between the ancient
sructures and the preferred direction of rift fractur-
ing.

The Baikal rift valleys began with a deep open-
ing of the upper crust at the south-eastern edge of
the Sberian platform, in the region of the south
Baikal depression, with subsequent prolongation
to the west and north-east. Termina rift valleys in

north Mongolia and south Yakutia were initiated
not earlier than the Middle Pliocene. The south
Baikal depression, the world's deepest intracon-
tinental rift valley, became the node of the entire
Baikal system of rift valleys. This rift system is
characterized by a high level of seismicity and
massive vertical displacements of the basement
across the rift valley shoulders (up to 6-8 km). The
modest amount of volcanic activity within this rift
zone is in contrast with its high tectonic mobility,
and the melting sources appear to have evolved
independently of the location of nft valleys and
their marginal faults (Florensov, 1969; Logachev
& Florensov, 1978).

The lake is situated in the centre of a vast moun-
tain region bearing the same name In the south, it
is bounded by the Eastern Sayan mountain massif
and its spur, the Khamar-Daban Range. The high-
est point of the Sayan, the Munku-Sardyk (Eter-
nally Snowcapped) mountains, has an absolute al-
titude of 3,491 m, while that of the Khamar-Daban,
reaches 2,400 m. The Munku-Sardyk carries small
glaciers. At the foot of its southern slope, extend-
ing into Mongolia, lies the large and deep Lake
Khubsugul (Kosogol), to the south of which
stretch the boundless Mongolian steppes. The lin-
ear distance between Baikal and Khubsugul is 200
km. Khubsugul belongs to the Baikal basin and
communicates with it through the tributaries of the
River Selenga. The Eastern Sayan Range gives rise
to the Irkut, Kitoi, Belaya, Oka and other im-
portant tributaries of the Angara; many turbulent
mountain rivers and streams flow into Baikal from
the Khamar-Daban Range.

From the central massif of the Eastern Sayan,
the picturesque Tunka and Kitoi Alps branch off
(altitude: 3,000 to 3,200 m). The Tunka Alps com-
prise the northern flange of the tectonic Tunka
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depression, which once contained a large, deep
lake (Fig. 1.2). Today it carries the meandering
Irkut, which flows into the Angara near the city of
Irkutsk, and numerous shallow lakes are scattered
in its valley. Traces have also been preserved of
the old bed of the Irkut, which in ancient times
emptied directly into Baikal. The Tertiary
lacustrine deposits in the Tunka depression are
about 2,500 m thick.

The Khamar-Daban Range, which fringes Baikal
to the south, consists of several mountain chains
and spurs constituting the divide between the
tributaries of the lake and the River Selenga. It
slopes steeply towards Baikal, its snow-capped,
jagged, bald peaks seeming to hang over the lake.
The Khamar-Daban is crossed by the Selenga val-
ley and runs further on along the northeast coast of
Baikal as the Ulan-Burgasy Range, which is lower
than the Khamar-Daban, and is dissected by the
valleys of the tributaries of Baikal and the Selenga.

The Eastern Sayan, the Khamar-Daban, the
Ulan-Burgasy and other ranges fringing south Bai-
kal to the south and west are composed of Archean
crystalline rocks, gneisses, mica and hornblende
slates, amphibolitcs, marbles and widely distrib-
uted Proterozoic metamorphic schists In many
places they are broken by granites and other plu-
tonic pre-Cambrian. Palaeozoic and younger rocks.
Tertiary basalts he on the tops and crests of the
mountains; Quarternary basalts occur in the rift
valleys. Plutonic rocks rank first in the area occu-
pied by them Mesozoic continental deposits, such
as carboniferous sandstones, conglomerates and
schistose clays, are found on the bottom of ancient
tectonic depressions. The better known Tertiary
lacustrine deposits are those of the terraces of the
south-east coast of Baikal resting against the Kha-
mar-Daban and lying at its very foot. A colossa
mass of Tertiary and Quaternary sands and clays,
up to 6,000 m thick, has been found in the area of
the Selenga delta (Florensov et al, 1978).

In some places, the more gentle slopes of ranges
and valley bottoms are covered by glacial deposits
in the form of strongly scoured moraines.

The whole of this part of the south Baikal area
is characterized by great vulcanicity, especially in
the vicinity of the Sayan mountains, the Tunka
depression and the Selenga delta. The Eastern Sa-
yan Range till contains remnants of dead volca
noes with well-defined craters.

To the east of the Ulan-Burgasy along the coast
of Baikal stretch several ranges, of which the Ikat
is the highest. The northern slopes of this range
comprise the left (southern) flange of the vast
Barguzin tectonic depression. In the Tertiary pe-
riod this depression, too, contained an extensive
lake. Today, its bottom, which is inclined towards
Baikal, is cut by the River Barguzin flowing into
the middle part of the lake. The right (northern)
flange of the Barguzin depression is formed by the
Barguzin Range. Its main ridge, reaching 2,724 m
above ocean level, stretches at a distance of 10 to
40 km from the north-east coast of Baikal, which
is formed by the foothills and scarps of this range.
The Barguzin tectonic depression is up to 200 km
long and 20 to 30 km wide. In its lower part it
develops directly into the depression of the
Barguzin Gulf of Baikal. The bottom of this Bar-
guzin depression is filled with a mass of Quater-
nary and, underneath, Tertiary lacustrine deposits
analogous to those of the Selenga delta area. The
total thickness of these deposits reaches 1,700 m
(Logachev, 1958).

In the Quaternary period the higher sections of
the Barguzin Range were covered by glaciers,
which crept down the valleys towards Baikal, pil-
ing up heaps of debris in front of them. The north-
east coasts of Baikal adjoining the slopes of the
Barguzin Range are, in many places, composed of
moraines forming broad terraces and in some
places descending under the level of the lake sur-
face

To the north-east of the Barguzin Range lie the
South-Muya and North-Muya ranges, separated by
the extensive tectonic Muya-Chara depression
(Fig. 12) which is analogous to the Barguzin de-
pression and which, in ancient times, also formed
the bottom of a large lake or a system of lakes.
This depression, like the ranges flanking it, crosses
the valley of the Vitim, the biggest right tributary
of the Lena, and extends far to the north-east into
the drainage of the Chara, a right tributary of the
Olekma in the Lena basin. The north-west slopes
of the South-Muya Range serve as the left flange
of the large tectonic Tsipa depression (Fig. 1 2),
which is up to 200 km long and 25-30 km wide.
Numerous lakes lie on the bottom of this
depression.The biggest of these are still inhabited
by some fauna species identical with or close to
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Fig 1 2 Tectonic depressions ot the Baikal system After Florensov, 1969 1 - rift valleys, 2 - Ncogcne-Quatemary plateau-basalts, 3 - extinct volcanoes, 4 ultramafic
and basic rocks, 5 - edge of the Siberian Platform, 6 - region of the Preriphean folding; 7 - region of the Bakalian folding, 8 - region of the Caledonian folding, 9
- Aldan Shield and Archean tectonic blocks, 10 - seismic belt, intensity up to M = 65; 11 - faults, 12 - some deep bore holes.
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Fig. 1 3 Northern Baikd in summer Photo by O Koguneii

Baikalian endemics, such as the polychaete
Manayunkia, one species of the Baikalian fish
genus Asprocottus, and species of the genus
Paracottus The polychaete Manayunkia has also
been found in big running-water lakes of the
Muya-Chara depression.

The coasts of the northern extremity of Baikal
are formed by the foothills of the Upper Angara
Range (absolute atitude up to 2,000 m), which
constitutes the divide between the Upper Angara, a
big affluent of the lake, and the Vitim, a tributary
of the Lena. The Upper Angara Range bounds the
right flank of the extensive tectonic Upper Angara
depression (Fig. 1.2), aong the bottom of which
the Upper Angara flows into Baikal. The left flank
of this depression is formed by the slopes of the
Barguzin and North-Muya ranges. The Upper An-
gara depression is a natural northern continuation
of the northern trough of Baikal.

The north-west coast of Bakal is composed of
the steep precipitous slopes of the Baikal Range,
rising to 2,673 m above ocean level (Fig 1 6) and
the south-west coast, up to the outflow of the

Angara, by the foothills of the comparatively low
Primorsky Range. The Baikal Range comes very
close to the waters of Baikal, forming picturesque
rocky cliffs (Fig. 1.3). Its western slopes descend
towards the Lena tableland, the drainage of which
is towards the Lena. The Lena takes its source on
the northern slopes of the Baikal Range, in its
central section, 7 km from the lake.

The slopes of the Baika Range still bear traces
of the work of glaciers, such as hanging valleys
and cirques with snow at the bottom. In summer
the vivid white patches of snow stand out boldly
against the background of grey rocks and debris.
The slopes are cut by deep gorges with noisy rivers
rushing down (Fig. 14). These rivers meander in a
sea of stones, washing out their own debris and old
glacial moraines. Often they disappear under
debris and reach Baikal as subterranean streams
or drop as waterfalls from cliffs of considerable
height.

The geological composition of the mountain
structures fringing the northern haf of Baikal, as
throughout the Baikal area, is characterized by the
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Fig 14 Taiga at Baka coast Photo by 0 Kostunen

predomination of Archean and partly Proterozoic
crystalline rocks. An outstanding part is played by
plutonic rocks everywhere.

The mountain frame of Baikal is broken only in
a few places by broad valleys of affluents to the
lake, such as the Selenga, Barguzin, Upper Angara,
Turka, and others. Low-lying deltas and sand and
rocky beaches are formed in the mouths of these
rivers.

11 1. Climate

The climate of the country around Baikal is dis-
tinctly continental. The continental coefficient (ac-
cording to Zenker) within the Baikal trough de-
creases to 50-60, the lowest values for the whole
Eastern Siberia. Marine tendencies are responsible
for a mitigating effect of the Baikal water mass.
This allowed Vereshchagin to distinguish the cli-
mate of Baikal and areas adjacent to it as a "'pe
culiar freshwater type of sea climate" (Veresh-
chagin, 1947).

Table | 1 Mean monthly temperatures of the air (in °C) on
the coast of Balka and m Ulan-Ude (the Trans-Baikal area)

Month Coast of southern Coast of central Ulan-Ude

Baikal, Baikal,

Berg, 1955 Tkachuk et a 1957
1 -154 -187 -257
Il -157 -18 2 212
1" -101 -109 -118
v 10 22 05
\Y 50 37 85
VI 101 9.1 170
VIl 127 129 197
VIl 13Q 135 169
IX 87 8.3 88
X 15 15 -06
Xl -53 67 -125
XIl -11 9 -12 6 -22 3
Average 06 -17 -19
Amplitude 296 322 454

Atmospheric circulation dramatically redistrib-
utes the solar energy coming down to the Earth
surface; it is a strong climate-forming factor. The
circulation above Baikal is the result of an interac-
tion between different wind transferences. The
most important of these are wind fluxes, connected
both with a common circulation processes and
with local circulation, which is dependent on the
character of the pre-terrestrial field of atmospheric
pressure above the lake (Lut, 1985).

Radiation regime conditions are indicators of
the Baka climate Annual solar irradiance on
Baikal is 2.200 hours. Maximum values for sun-
shine duration were recorded at the south of the
lake and on the Olkhon Idand - 2,300-2,400
hours; minimum values, 1,700-1,800 hours - on
the eastern coast at the south and north of the lake.
These values are considerably lower than 2,000
hours in other areas at the same latitude: on the
Riga sea-shore - 1,830 hours, mountain heath re-
sorts in the Caucasus 1.838 hours (Teberda), 1,994
hours (Abastumany).

The amount of ultraviolet radiation in the Baika
region is similar to that of Alpine regions. Atmos-
pheric transparency in the Baka trough is much
higher than that of regions at the same latitude but
east and west of Baikal. Water currents play a main
role al around the year as reducers of radiation
under cloudless conditions. Aerosol influence oc-
curs during winter-spring periods Coefficients of
transparency range from 0.82 to 0.73 across the
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Fig | 5 The Lake Bakal in lale autumn Photo b> V Korolkoiuchko

year. On average, the annual value of atmospheric
transparency for the whole lake (0 775) cor-
responds to "an increased gradation" according
to Pivovarova and Krayushkina's classification
{1970). The maximum of atmospheric transparency
is recorded in autumn-winter; the minimum is in
spring-summer, for al parts of the lake. The trans-
parency coefficient for the south Baikal region is
0.76. This vaue is within the range of "normal
transparency”. According to this classification,
middle and north Baikal regions arc classified as
having an increased transparency of the atmos-
phere (0.78). The transparency coefficient of the
atmosphere in spring-summer in the south and
north Baikal regions decreases to 0.74, which is
taken as "normal”. Only within the middle Baika
region does it remain high. Such variability in
transparency values is due to changes in the degree
of various moist air masses, extent of their aero-
sohc turbidity, as well as peculiarities in the at-
mospheric circulation in each of the three zones of
Baikal (Panova, 1980).

The thermal regime in any region is formed
under the influence of solar radiation, atmospheric
circulation and loca physica and geographical
conditions, such as height above sea-level, relief,
distance from waterbodies, and orographical pro-
tection.

The winter is long, cold and dry, the summer
short and relatively hot, with considerable precipi-

tation. January is the coldest month of the year,
with a mean temperature m various parts of the
coast of Baikal ranging from -17° to -25°C, the
absolute minima being -37° to -40°C, dropping to
-50°C in some bays. In regions away from Baikal,
the winter is still cold. For instance, in the city of
Ulan-Ude, situated 75 km to the south of the lake.
the mean January temperature is -25° to -26°C. In
the Eastern Sayan Range the winter temperature
often falls to -55° and -60°C. Table 11 shows the
mean monthly temperatures of the air at Baikal and
Ulan-Ude.

July is the warmest month in the Baikal area,
but August is the warmest on the shores of the lake
proper The mean summer temperature in July in
the Trans-Baikal area (Ulan-Ude) is 19° to 20°C,
the absolute maximum reaching 38°C (Preobraz-
hensky et a/., 1959; Tkachuk et a!., 1957). At the
coast, the temperature of the warmest month, Au-
gust, varies between 13° and 14°C with a maxi-
mum of 20". On exceptionally warm and calm
days, it may reach 25° to 30°C.

As can be seen from these data, the waters of
Baikal noticeably influence the climate of its
shores. January and December are about 10°C
warmer and June-July 7°C colder than Ulan-Ude
and the city of Irkutsk, 60 km west of the lake,
where the air temperatures in June reach 25° to
30°C. while at Baika they do not exceed 15° to
I18°C. In the fir¢ haf of December, frosts at
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Irkutsk reach -20° to -25°C, while on the coasts of
Baikal the temperature does not fdl more than 12°
to 15°C below zero, and above the water, not more
than 7° to 8° below zero. But this influence of
Baikal on the coastal climate does not spread fur-
ther than the ridges fringing it. Due to the thermic
influence of the water masses of the lake, the du-
ration of the frostless period here increases by 5-20
days. The decrease in the air temperature ampli-
tudes is as follows: diurnal 1-8°C, annual 30-32°C,
while above the land surrounding Baika these
values vary from 4 to 16°C and from 35° to 50°C,
respectively. A one-month delay in the onset of
annual extreme air temperatures takes place, com-
pared to neighbouring land areas. This is a ten-
dency typical of sea-shore areas. The winters in the
Bakal trough are the warmest in eastern Siberia
The cooling effect of water masses as well is re-
sponsible for lower temperatures in summer in the
Baikal trough compared to Predbaikalye and Za
baikalye stations located at the same latitudes. The
annual maximum of the ar temperature for the
majority of the Baikalian stations reaches 12°-
14°C. Thus, the Baikal trough constitutes a distur-
bance of the latitudinal spatial distribution of air
temperatures in south-east Siberia during all sea
sons.

The precipitation regime over the south of East-
ern Siberia is primarily controlled by cyclones of
western origin. Humid north-western winds bring
moisture to the Baikal trough. Maximum precipita-
tion fals on the north-west and west slopes of the
coastal ranges (1,000-1,400 mm a year (Obolkin,
1977)). Minimum precipitation fals in winter
(January-March), when the region is affected by a
strong Siberian anticyclone and the circulation re-
sulting from it. Maximum precipitation is recorded
in summer in case of cyclonic activity in the Baikal
region. In some regions (Ust-Barguzin, G. Ush-
kany Island) two annual precipitation peaks are re-
corded: the main one in July, and a second, less
significant one, in November-December. The sec-
ond peak is connected with an additional influx of
moisture due to increased evaporation from the
lake surface during autumn.

During cold periods (November-December),
when Baikal is dtill unfrozen, and the air tempera-
ture in the trough is higher than that of the sur-
rounding land, favourable conditions occur for

evaporation from the open lake surface, which in-
crease the water steam elasticity in the lake trough
(Verbolov et al., 1965) (Fig. 1.5). After the freeze-
up, humidity differences between the Baikal
trough and the surrounding land smooth over, but
nevertheless the humidity in the trough is slightly
higher. The daily course of relative humidity is the
reverse of that of the air temperature; it reaches its
maximum in the morning and its minimum in the
afternoon.

During the warm half of the year, when there are
summer pressure maxima over the lake, winds of
flux nature, blowing the water surface towards
land, occur above the Baikal trough, in the south-
ern part of the lake these winds have primarily
south-western and western directions. In the mid-
dle and north parts, together with the south-west-
ern wind fluxes, winds with an eastern component
blow along the west coast of the lake. In cold
weather, seasonal banc minima arise above the
lake, and the winds blow from land to water. On
the west coast, these are north-western and north-
ern winds; on the east coast, winds with an eastern
component occur.

The wind direction in cold seasons is from land
to the lake, in warm seasons - from the lake to-
wards land, which is indicative of the presence of
a circulation typical of sea coasts. The main cold
intrusions over Lake Baikal occur from the west
and north. Such intrusions of cold air masses are
possible if their vertical power exceeds the height
of the ranges. Above the trough, typical Baikalian
winds have local names - two lengthwise winds:
Verkhovick and Kultuk of north-eastern and south-
western direction, respectively, and winds directed
from one shore of the lake to the other, Gornaya
and Shelonnik, with a north-western and south-
eastern direction (Vereshchagin, 1947). For typica
Baikalian winds average velocity, recurrence and
stability have been calculated. They have been
determined across the year, for a navigation period
on the lake, (June-December), as well as for warm
and cold seasons, within a navigation period (Lut,
1976). In warm seasons, Verkhovick and Gornaya
show the highest average velocities (8-9 m sec").
Average maximum velocities for Kultuk and She-
lonnik range from 4 to 6 m sec '. In cold periods,
average velocities of the winds from dl directions
increase. The greatest average velocities of Gor-
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naya, Verkhovik and Kultuk reach 9-10 m sec',
and of Shelonnik 6 m sec . The analysis of the
data on wind stability has shown Gornaya to be
most stable. Over south Baikal, Kultuk is a stable
wind, along with Gornaya, in middle and north
Baikal, Verkhovik is stable. In places where the
coastline of Baikal is broken by river valleys, two
predominant wind fluxes of opposite direction,
coinciding with the direction of the valley, are
commonly recorded. So, over a year, wind fluxes
with a western component are typical of the Baikal
region, as well as a west-east transference of air
masses. Recurrent values of wind transferences in
the above-mentioned directions range from 40-60
msec’. The recurrence values of the winds with an
eastern component are about 10%.

Total cloudiness above Baikal has two annual
maxima (July-August and November-December)
and two minima (February and September-Octo-
ber). The highest cloudiness values reach 7-8 and
are recorded on the north-east coast of Baikal in
December, according to long-term observations
(Osmolovskaya, 1964).

Mists on Baikal are similar in their nature to sea
types. The maximum number of misty days on the
north-east coast of the lake is 23-25 days (Ladei-
shikov & Mizandrontseva, 1977). The minimum
number of days with hail in the trough are: Olkhon
Idand, 0.1-0.8; and, coasts of Baikal, from 4 to 7
days per year. In the lake trough, descending air
fluxes prevail, which result in clouds dispersing
above the lake. This is the reason why ascending
fluxes do not develop above Baikal, and no con-
vective cloudiness is formed, which could cause
hails.

Snow-storm occurrence on the coasts is from
120 to 430 hours; in orographically closed places
(Sludyanka, Nizhneangarsk) this value does not
exceed 50 hours. The above-discussed meteoro-
logical variables and climatic features profoundly
influence the animal and plant world living in the
lake.

1 12 Terrestrial plant communities

We appreciate the efforts of such botanists as
Tyulina, Epova, Popov, Bardunov, Reschikov,
Malyshev, and others who have helped us become
familiar with the flora of the Baikalian mountain

region.

The south of Siberia is dominated by the taiga
This coniferous forest contains pine {Pinus sil-
vestris), larch [Larix sibirica, L. dahunca), cedar
(Pinus sibirica), spruce (Picea obovata), and fir
tree {Abies sibirica), with an admixture of poplar
{Populus suaveolens) and aspen {Populus tremu-
la), and an undergrowth of shrubs of alder (Du-
schekia fruticosa), birch (Betula), bird cherry tree
(Padus avium), rowan (Sorbus sibirica), Ledum,
Rhododendron dahuricum, Spiraea media, Coto-
neaster melanocarpa, berry bushes (Vaccinium
vitis indaea, Vaccinium myrtillus, Vaccinium uligi-
nosum, Bergenia crassifolia), forest grasses, ferns,
lycopodiums (Lycopodiacae), mosses (Bryophyta),
and other shade- and moisture-loving plants.
Dense tracts of various plant communities are a
typical landscape of the plains, river valeys and
mountain slopes of south Siberia. But in Zabai-
kalye, at a latitude of 51°-51° 30" N, forest-steppe
and steppe vegetation predominate. To the north of
Baikal there are vast areas of steppe and forest-
steppe, particularly on gentle slopes, on the ter-
races of wide river valleys, and on flat watersheds
where steppes aternate wHh pine and mixed forests.

In south Siberia east of the Yenisei, there are no
broad-leaf forests. Only near Krasnoyarsk has a
small relict forest of lime trees been preserved.
More considerable remnants of broad-leaf forests
have been preserved to the east of Baikal. On the
boundary of Zabaikalye and Pnamurye, in east
Zabaikalye, oak groves and such grass and shrub
plants which are connected with previously exist-
ing broad-leaf forests occur Severa relict plants
have been preserved in the south-west areas of the
Baikalian mountain region, predominantly near hot
springs, or in places where abundant snow pre-
vents freezing of the soil-

Against the general background of the vegeta-
tion typical of south Siberia, the flora of the
Baikalian mountain region, due to climatic peculi-
arities and differences in microclimatic conditions,
possesses a wide diversity of landscapes. Here,
majestic mountain forests growing predominantly
on medium-height ranges (along their slopes) are
widespread. Above the forest line, stunted shrubs,
and here and there meadows, picturesque in spring
and summer, are found on the floors of vast de-
pressions. Steppe and forest-steppe, alternating
with pine forests at elevations and with marshes in



12

Chapter 1

lowlands, abound. This mosaic of landscapes
changes, depending on its geographical position,
on the exposure of range and plateau slopes, on the
height of the region and its latitude position, on
precipitation, and on incident radiation.

Especially dramatic changes in landscapes occur
in the vertical direction from mountain peaks
downward. For the Eastern Sayan, Malyshev
(1965) offers a scheme of vegetation zones which
can be applied, with some limitations, to other
areas of the Baikalian mountain region. The high-
est is the nival zone (snowy or rocky), followed by
bald (goltsy), nearly bald, forest (mountain-taiga)
and steppe-forest zones. The nival zone occupies
considerable areas in high ranges and uplands. In
the Eastern Sayan, it occupies an absolute altitude
of 2,500 to 2,800-3,000 m Above 3,000 m in the
Sayan, all vegetation is absent. The nival zone is a
rocky desert which supports only the most endur-
ing plants: Saxifraga nivalis, Alpine ferns (Lufbe)
and other cold-loving species. The bald zone occu-
pies altitudes from 2,200 to 3,000 m. In its lower
half sedge-moss-hchen tundras dominate, with
Kobresia myosuroides, Kobresia sibirica, in the
middle parts Dryas oxyodonta, Dryas punctata. In
the upper parts, rocky tundra, occupying not only
steep slopes, but also coarse-rocky plateaus, occur
(Malyshev, 1965). On the southern slopes of the
mountains with poor precipitation and higher tem-
peratures, alpine meadows and sub-alpine shrubs
appear The vegetation of the near-bald zone at an
atitude of 2,000-2,200 m is more diverse. Along-
side the meadows forests can be found, which al-
ternate with shrubby tundra and meadows here.

Beside elevation, the vegetation is much &-
fected by moisture, precipitation abundance, the
depth of snow cover and the character of the
drainage. The height of shrub growth at given
elevations corresponds to the depth of snow
cover. Above the snow level, shoots are subject
to snow corrosion. As a result, Malyshev re-
marks that shrubs here look as if they have been
trimmed, their stems crowned with dead twigs, and
the growths of evergreen Rhododendron aureum
above the snow surface covered with damaged
buds and dead leaves.

The upper forest line in the Eastern Sayan fluc-
tuates, depending on exposure and moisture condi-
tions, around an absolute altitude of 1,500 to 2,100

m. So does the highest forest line in Khamar-
Daban, and on the slopes overlooking Baikal it is
situated lower than on the opposite side. Here,
above the forest line moss-lichen tundra, willow,
Betula rotundifolia are dominant (Reschikov,
1958).

In the forest (mountain-taiga) zone of the East-
ern Sayan and Khamar-Daban, Siberian larch (La-
rix sibirica) and dark-coniferous taiga, among
which cedar (Pinus sibirica), cedar-fir (P. sibirica
and Abies sibirica) forests, and aso spruce-fir (Pi-
cea obovata-Abies sibirica) forests prevail. These
are particularly well developed on the northern
slopes, and often reach the forest line.

On the dlopes fringing the north part of the
Baikal depression, the forests contain predomi-
nantly Daurian larch, {Larix dahurica), which is
replaced in the south part by Siberian larch (Larix
sibirica), with the boundary between them lying
along the west coast of the lake in the region of the
bays Kotelnikovsky-Zavorotny, aong the east
coast in the region of the River Sosnovka mouth.
Alongside larch forests, the slopes of the Baikal
range descending towards Baikal are taken up by
dark-coniferous taiga of cedar (Pinus sibirica) and
fir (Abies sibirica), with an undergrowth of alder,
Rhododendron dahuricum and Ledum palustre,
shrub birch, Rhododendron aureum and Pinus
pumila. There is aso on abundance of bergenia
(Badan), berry bushes {Vaccimum vitis indaea,
Vaccimum myrtillus, Vaccinium uliginosum), and
here and there birch and aspen groves can be seen,
while along the mountain river floodplains fragrant
poplars (Populus suaveolens) and willows abound.
On the south slopes of the ranges considerable
areas are covered by pine forests. Along the coasts
of the lake, motley grass meadows and steppe
patches are not infrequent. Dense impenetrable
growths of Pinus pumila at the north of Baikal
drop towards the water's edge; the dwarf birch
{Betula nana) is common there. On the slopes of
the mountains (towards Baikal), there are steppic
patches which also occur along the coasts of the
lake, on flat bays deeply indenting the coast. The
north-west coast, being more humid, is poor in
steppe patches.

The vegetation of the Barguzin Range in the
region of the Barguzinsky Reserve (Bannikov &
Ustinov, 1966) shows the following succession: on
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the range peaks there are cliffs and rocky places,
covered by lichens. Here and there, near springs
bushes of alpine willows and birches occur. On the
sodded "yards' there are green meadows of
Kobresia and sedge with vivid patches of anemo-
nes, Aquilegia, Geranium, Troliius asiaticus. The
alpine plateaus are covered by Rhododendron au-
reum tundras, with rich carpets of Cladonia and
Centraphia. Lower still are growths of Piius pu-
mila alternating with reindeer moss and growths of
Betula, and finally, the taiga Its upper part is
dominated by fir-cedar forests with an admixture
of stone birch, demarcating the arboreal vegeta-
tion. In the middle zone, an admixture of larch and
pine is found. Along the river valleys, groves of
balsam poplar (Populus tacamahaca) and Chose-
nia arbuhfoha. In the floodplains grow pine and
birch, aspen and spruce (Abies sihirica). The larch
within the taiga grows primarily in a narrow
coastal zone. In the region of Davsha Bay, Siberian
and Dahurian larches co-occur to form hybrids.
Pine forests in the taiga are rare due to the severe
climate of Podlemorye.

In the mountains of the south part of Baikal
there is no or rare Pinus pumila spread over the
mountains of its north part.

The low mountains of the Primorsky and
Onotsky ranges are completely covered with pine
and pine-larch forests, although sometimes patches
of spruce-cedar taiga can be seen.

The north-cast part of the Baikal mountains is
characterized by an extremely severe climate. The
ridge peaks and their high slopes are a chaotic
conglomeration of talus, precipices, deep gorges
with eternal firn snows and groups of smal gla
ciers. Only at an altitude of about 1,500 m do grass
and shrub plants appear. The rocky tundras of this
region are described by Reschikov (1958), as fol-
lows. "Meager bushes of Pinus pumila, small
canopies of Ledum are dl that can bring a welcome
change from cheerless rocky places covered by li-
chens'. The treeline here does not reach above
1,500 m asl., descending in places to 800-900 m.

In mtermountain depressions, marshes, marshy
meadows, sparse growth of Larix dahurica with an
undergrowth of Pinus pumila and dwarf birch are
widespread. Pine forests and patches of steppes
can aso be found, which are more frequent in
southern depressions.

Despite these severe climatic conditions, the
vegetation of the Baikal mountains is rich in spe-
cies, due to the variety of habitats present. In the
elevated section of the Eastern Sayan, Malyshev
identified 540 species of plants, pertaining to 205
genera and 52 families. No less than 2500 species
of plants seem to occur in the whole region, in-
cluding the zones occupied by the taiga, marshes.
meadows and steppes. In the Eastern Sayan, ac-
cording to Malyshev, 62% of al species are Asian
and 23% Holarctic. Only 12% are of European and
3% of North-American origin. In the alpine zone,
pure Asian species (more than 97%) dominate.
Apart from widespread species, more than 20 en-
demic species have been recorded from the Sayan.
Forests dominated by Larix dahurica and L. sibin-
ca or Larix and Pinus shirica, prevail over the
western coast of the north part of Baikal, the for-
ests with dominant Pinus silvestris - on the west
coast of the middle and south parts of Baikal.
Forests dominated by Larix occupy the lower part
of the slopes, and on the upper part of the slope,
Pinus sibinca and Abies sibirica (with Pinus pu-
mila in a low layer) are widespread along the east
coast of the northern part of Baikal. Forests with
dominant Larix and subdominant Pinus silvestris,
and with dominant P. silvestris and subdominant
Larix prevail south of the Barguzin River valley
(as fa as the River Selcnga valley) as high as
1,000-1,100 m as.|. Higher up, Pinus sibirica with
an admixture of Picea obovata and Larix prevail.

South Baikal fringes the Khamar-Daban Range.
Its slopes are covered by fir-tree (Abies sibirica)
and cedar-fir (P. sibirica-Abies shirica) forests
The state of these forests is determined by a com-
bination of natural (diseases, forest pests) and an-
thropogenic (woodfires, effects of technogenic at-
mospheric pollutants) factors. Forest felling was
prohibited here in the mid 50s of the 20th century

1.1.3. Anima world

Thanks to its location at the junction of Central-
Asian, European-Siberian and Eastern-Asian fau-
nas, the terrestrial animal world of the Baikal
mountain region comprises representatives of dl
these complexes. One of the causes of the diversity
of this fauna is the extreme variety of landscapes
present.
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In the south part of Eastern Siberia more than
100 species of Mammalia and 326 species of birds
are known, with a dominant share of this fauna
occupying the Baikalian mountain region The ter-
restrial invertebrates have not been sufficiently
studied yet, but the material available displays a
remarkable variety and abundance of species, par-
ticularly of insects and Arachnida.

Typical mammals of the high plateaus and
ridges are Capra sibirica (Eastern Sayan), Ovis
nivicola, Alticola macrotis, Ochotona alpina, and,
in places, Marmota canmtshatica and lemming
Myopus schisticolor. In summer in the bald and
near-bald zones, one can come across ungulates,
predators, and brown bear. Below the plateaus, in
the region of coniferous taiga, Cervus elaphus,
Rangifer tarandus, Alces alces, Moschus moschi-
ferus, Capreolus capreolus pygargus are common.
In the foothills, the Sayan wild boar (Sus scrofa),
can be found, and along the rivers there are occa-
sional Lutra lutra and Neomys fodiens. In the
taiga, besides brown bears, Felis lynx and Gulo
gulo live, as well as the fur-bearing Sciurus vul-
garis, Mustela sbincus, Vulpes wulpes, Lepus
timidus, and Eutamias sibiricus. There, numerous
rodents and insectivores find refuge and food. Sa
ble, Martes zibellina is the most typical and valu-
able animal of the mountain taiga of south Siberia.
Especially valuable is the Barguzin sable which
occurs in mountain, taiga with growths of Pinus
pumila. In the forrest-steppes Capreolus capreolus
pygargus, Mustela eversmanni, Qtellus undulatus,
Microtinae, Insectivora and Canis lupus are com-
mon. Birds in the taiga zone include Tetrastes
bonasw, Telrao urogallus, Nucifraga caryoca-
tactes, Dendrocopos major, Stta europaea, Loxia
curvirostra, Parus major, Parus palustris, Phyllo-
scopus trochilus, Garrulus glandarius, and many
others. A considerable number of forest birds from
the south of Siberia overwinter here.

The Baikalian mountain region is a boundary
for the distribution of numerous animal species.
Almost half of al bird species find their critical
habitats here, and many birds are represented by
endemic species. Even cursory studies reveal sig-
nificant endemism in many groups of the terrestrial
fauna of the region as well, and its significance as
a demarcating line between western or eastern spe-
cies is enormous.

Table 12 Birds of Lake Baka After Skryabin, 1975

Order Number
of species

Migratory habits

Nesting Flying  Flying
over in

Gaviiformes
Podicipediformes
Pelecaniformes
Ciconiiformes
Ansenfocmes
Falconiformes
Grui formes
Charadrnformes
Columbiformes
Stngiformes
Apodiformes
Coraciiformes
Passcnformes
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There are only 2-3 species of frogs, a toad (Bujo
bufo), Siberian newt Hynobius keyserlingi, andta-
certa vivipara. The snakes Vipera bents, Agkistro-
don halys, Natrix sp., and Elaphe dione occur near
warm or hot springs. In the same places, heat-lov-
ing insects occur, including a southern species of
Odonata. Commonly those sections of the taiga
with hot springs serve as a refuge for animal and
plant species which used to live in south Siberia in
warmer epochs, but disappeared here due to the
cooling of the climate in the Quaternary.

Among insects, mention should be made of a
scourge to animals and man of Pribaikalye, i.e.,
Siberian mosquitoes. These mosquitoes include
several aggressively bloodsucking species among
the Simuliidae, Ceratopogomdae, Culicidae, Ta
banidae, Gasterophilidae. Not infrequently Den-
drolimus sibiricus is encountered, which destroys
coniferous needles and causes the "death" of vast
areas of forests. There are other harmful insects
and as well as Ixodoidea in the taiga

The list of Baikalian birds includes species
whose life is closely associated with water and
marshy habitats. Most of this group are representa-
tives of two orders, the Anseriformes and Chara-
driiformes (Table 1.2).

By establishing contact between the terrestrial
and aquatic components of the lake and its coasts,
these birds play a considerable role in the transport
of organic matter.

The list of this group of birds is not yet com-
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plete, since their role in the functioning of the
ecosystem has not been sufficiently studied

An interesting habitat for waterfowl migrating
to the south in autumn is formed by the upper
reaches of the Angara River, which stays unfrozen
for as far as 15-20 km upstream from its mouth
Goldeneye (Bucephala clangula), Mergus mergan-
ser and Mergus serrator, Avthia fuhgula, some-
times Mergus albellus, Clangula hyemahs, and
others (Gagina, 1958, Skryabin, 1975) use this op-
portunity to feed on the abundance of Gammands
and insect larvae populating the bottom of the
river At night these birds fly towards Baikal, to
hummocks cluttered with snow, to escape the night
frosts

The fauna of the waterbodies of south Siberia,
except Baikal with its endemics, is a dramatically
impoverished European fauna Fish in lakes and
rivers include Rutilus rutilus, Perca fluviatihs,
Esox lucius, Leuciscus leuciscus, Phoxinus phoxi-
nus Lota lota, Leuciscus idus, Carassius caras-
sius and others Common river fish are Thymallus
arcticus, Brachymystax tenok, Hucho taimen, Co-
regonus lavaretus, Cottus sibiricus and Cobitis
taenia Species widespread in Europe such as
Parasilurus asotus, Cyprinus carpio, Coregonus
albula, and Abramis brama are absent Some rela-
tives of these occur in waterbodies of West Siberia,
but never east of the River Yenisei They can be
found in the Amur basin, however Among water
mammals, Ondatra zihethica became acclimatized
here as early as the beginning of this century, as
well as Arvicola terrestris

The fauna of aquatic invertebrates of south Sibe-
ria is rather rich qualitatively, but poor in species
compared with the European part of Russia This
is, for example, seen in the limited number of
mollusc species present There are none of the
species widespread in Europe, such as Viviparus
sp Umo sp, and many others The poor species
richness of the aguatic animals of Pnbaikalye not
only results from the present severe climatic con-
ditions, but also from its historical past The dra-
matic cooling of the climate in the Quaternary
period indeed caused many previous (Tertiary)
residents to leave the waters of Siberia

12. Morphology of Baikal

Basic data on the morphology of Baikal (after
Vereshchagm, 1949) are

Altitude asl 455 6 m
Length 636 km
Maximum width 794 km
Minimum width 25 km
Mean width 47 81 km
Area 31,500 km?
Length of coastline

(without islands) 2,000 km
Length of coastline of

islands 1392 km
Maximum depth 1,620 m
Mean depth 740 m

Volume of water mass 23,000 km?

Verbolov (1977) provides the data presented in
tables 13, 14

Water exchange time is to be understood as (1)
without taking into account the wind-driven water
mass directed offshore or shoreward, and (2) tak-
ing into account the wind-driven water mass di-
rected offshore or shoreward

The basin of the lake consists of three troughs
separated by submerged sills (Fig 1 6)

The southern trough, situated south of the
Selenga delta is cordoned off from the central
trough by a submerged elevation with a compli-
cated relief, lying opposite the Selenga delta The
maximum depth of this trough, after Vereshchagm,
is 1473 m (1,419 m, according to acoustic sound-
ing in 1961), whereas depth above the sill does not
exceed 400 m This zone covers an area of 6,890
km?

The extensive region formed by the underwater
elevation, plus the banks opposite and on both
sides of the Selenga delta is called the Selenga
Shallows

The central trough is bounded by the Selenga
Shallows in the south and by a massive submerged
elevation (the Academichesky Range of Veresh-
chagm) in the north, stretching obliquely across
Baikal from Olkhon Idland, in the direction of the
Ushkany Islands By rope fathoming near Olkhon
Island, several kilometers from the Ukhan Promon-
tory, Vereshchagm found a depth of 1,741 m (ac-



16

Chapter 1

Table | 3 Morphometric characteristics of different parts of
Baikal After Verbolov 1977

horth Middle South Total
Area (km?) 13310 11300 6890 31500
Depth (m)
average 527 814 792 688
maximum 989 1620 1414 1620
Volume {km} 7020 9200 5450 23670

cording to acoustic sounding in 1961, the maxi-
mum depth here equals 1,620 m), whereas the
depth over the Academichesky Range is not more
than 300-400 m The area of this central trough is
11,295 km?

The northern trough embraces the whole north
part of Baikal Its maximum depth is 890 m and its
area is 13,315 km?

The morphology of Baikal has been studied by

geophysical methods (Fedinsky, 1951) These
studies have given reason to suppose that the
southern and central troughs present a single mor-
phological unit, and that the ele\ation separating
them (the Selenga Shallows) consists of thick sedi-
mentary deposits of Tertiary and Quaternary age
Fedynsky writes in this connection 'The single
deep depression of the southern trough of Baikal
with maximum depth near the mouth of the
Selenga, is in its deepest part filled, as it were, by
a colossal underwater sandy-argileous levee This
levee, formed as a result of a recent tectonic sub-
sidence accompanied by many centuries of work
by the Selenga, has for a long time been regarded
as an intermediate mtermountain dike dividing
south Baikal into two parts"

A characteristic feature of the relief of al three
troughs is their asymmetrical structure, the under-
water gradient on the east coast being, as a rule,

Table | 4 Water balance of different parts of Baikal After Verbolov 1977

\oith Middk South Total
Inflow (surface and
underground) (km*) 138 237 234
Transient inflow from
adjoining part of lake
(km®) - 139 362 -

Inflow of wind-driven
watermass directed
shoreward from
adjoining part of lake (km') 10 20 from South 20 from North

10 from North
Atmospheric  precipitation
on surface (km ) 37 28 28
Evaporation (km?) 36 35 23
Outflow into adjoining
part of lake (km?) 139 362 60 1

into Middle into South into Angara

Outflow of wind-driven
watermass directed 10 20 20
off-shore  (km’) into Middle into North into Middle

10

into South
Conditional water 1) 508 254 907
exchange time (years) 2) 225 132 66 393 8
Total volume of lake
after Atanasyev (km?) 23670
“s of total volume 324 42 4 252
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much gentler than on the west coast. This asymme-
try also holds true for the underwater elevations,
the west slopes of which are gentler than those on
the opposite side.

The littora aong the west coast of all three
troughs (with depths of less than 20 m) is very
narrow; it usualy ranges from 20 to 200 m (Fig.
17), the gradient sharply increasing after 2-3 m or
dlightly greater depths, often to an angle of 60-80°.
On rocky shores, the water directly washes the
bases of sheer coastal cliffs. Along the east coast,
and especially opposite the mouths of big rivers,

the gradient is less steep, but even here, at depths
of 10-15 m, the bottom plunges down steeply.
Table 15 shows the area of the bottom at different
depths.

Thus, the zone down to the 250 m isobath occu-
pies about 600,000 hectares, i.e., only about one-
fifth, and the zone of 0-20 m not more than one-
fourteenth, of the total area of the lake.

The underwater slopes of the Baikal depression
have preserved distinct traces of the ancient relief
of the coastline (Fig. 1.8). Up to depths of 500-600
m submerged mouths of rivers and creeks, ancient
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Fig 1 7 Examples of Baikahan coasta zone relief Data of
the Research Institute of Biology

valleys and coastal promontories can often be de-
tected, extending deeply into the lake (Fig. 19,
1.10). But the shores also bear traces of water lev-
els higher than today's. In some places terraces 2-
3, 6, 15-20, 40-50, and 80-100 meters occur at
above the present lake level. The Ushkany Islands
in the central part of the lake have up to 11 such
terraces and step-like rocky scarps with pebbles at
their foot. The highest of these even lies more than
200 meters above the modern level of the lake
(Fig. 1.11). All this illustrates the complicated his-
tory of the Baikal basin, which will be discussed in
detail in the chapter on the history of the lake.

The shores of Baikal are comparatively weakly
indented. The main gulfs. Barguzin and Chivyrkui,
are situated on the east coast in the central part of
the lake (Fig. 1.12). They are separated from each
other by the Svyatoi Nos Peninsula, a system of
two ridges rising 1,315 m above the level of the
lake. The peninsula is 50 km long and 20-22 km
wide, and a broad and low ridge connects it with
the mainland.

Close to the west coast of central Baika lies its
largest island, Olkhon. Its length is 71.7 km, aver-
age width 105 km, and maximum width close to

Table | 5 Area of depth zones of Baika After Kozhov &
Tyumentscv, 1960

Depth (m) Area (10" ha) % of total
bottom area
0-5 94 3.00
5-10 56 177
10-20 78 2.47
0-20 228 7.24
20-70 192 6. 0S
70-250 180 571
0-250 600 19.03
From 250 to Cre bottom 2,550 80.97
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Fig | 8 The scheme of Listvenichnyi Bay 1 the block
which tore away from the continent and fell down beneath
the Baikal level After Lut, 1964.

14 km. The island has an area of about 730 km?
It consists of a mountain range, the highest point
of which is more than 800 m above the lake level.
The island is practically devoid of vegetation, ex-
cept for its northern part, which is covered by a
coniferous forest (Fig. 1.13). Its eastern coast is
very steep and precipitous. The west coast is not so
steep, yet also has many high abrupt scarps.

The extensive stretch of water lying between
Olkhon Island and the west continental shore is
caled the Maloye More (the Minor Sed). It is 70
km long and 18 km wide at its broadest north part
In the south it is connected with the lake by the
Olkhonskiye Vorota, a strait about 2 km wide, 7
km long and up to 30-40 rn deep. The total area of
the Maloye More is about 800 km? (Fig. 1.14-
1.16).

Among other islands, mention should be made
of an archipelago of four islands called Ushkany.
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Fig 1 13 Olkhon Island Photo bv O Kostuncn

Fig 117 Pcschera Bay Great Ushkany Island Photo by V
Korotkoruchko

They he in the central part of Baikal, 7 km from
the Svyatoi Nos Peninsula The Great Ushkany
Island has an area of 94 km® and rises to 211 m
above the level of Baikal In many places the pic-
turesque abrupt shores of the islands are formed by
marble rocks. The rows of large marble blocks ris-
ing from the water along the coasts are a favourite
spot for the Baikahan seal. The summits and
slopes of the islands are covered by forest, chiefly
Jarches (Fig J J7)

Apart from big gulfs, there are several dozen
bays Some of these are very deep, gently sloping
and poorly protected against the prevailing winds,
others deeply indent the coast and are shallow and
picturesque, such as, for instance, the Aya (Fig
1 18) and Peschanaya bays on the west coast In
the area of Peschanaya Bay (Fig 1 10) the thickly
wooded slopes of the Primorsky Range descend to
the water in steep scarps Their products of weath-
ering have accumulated along the shores, and form
sandy beaches In the south and north the bay is
bounded by rocky promontories rising majestically
over the water and called Bell Towers

The region of the mouths of big affluents con-
tain extensive shalow lagoons, popularly called
"sors" The water level in the sors is regulated by
the lake They are connected with Baika by gullets
of varying width Sors were formed as a result of
the interaction of the surf of the lake with river
currents filling the mouths with silt, sand and other
material  The biggest one, Sor (Gulf) Proval, has
an area of about 18,500 ha and a maximum depth
of 56 m It lies north of the Selenga delta Before
January 1861, a bogged lowland with small lakes
existed here, but a strong earthquake in early Janu-
ary 1861 drowned this lowland, which was inun-
dated by water from the lake (Fitingoff, 1865) All
that has remained above water is the long and
narrow strip of land which separates Proval from
Baikal today This sandy spit is broken m many
places, and in high water years it is completely
flooded

The bottom soils of Baikal vary widely Their
properties depend on distance from the shore and
from river mouths, or the composition of the shore.
and the bottom relief, direction of prevailing cur-
rents, etc

According to Knyazeva (1954), the following
main types of soil predominate in south Baikal
stones, shingle, gravel, sands and silts (coarse- and
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Fig |1 19 Digribution of sand and deurite layers in deep-water sediments in Bakal. 1 regions of the coast with mud Hows
dangerous for the inhabitants, 2 regions of digtribution of sand and aeurite layers, 3. regions of most numbers and thickness
of layers, 4. regions of location of submarine canyons. After Kardbanov & Fidkov, 1987

fine-aleuntic, dightly diatomaceous and diatoma-
ceous). Far offshore, beyond 400-600 in depth,
silty soils enriched with valves of diatoms, particu-
larly Melosira and Cyclotella (Patrikeeva, 1959;
Kozhova, 1959b) are predominant.

Along the shores, tongues of silty soil extend
into submerged valleys. In many places the steep
dlopes of the basin of the lake are rocky, but are
shallowly covered with a layer of silt and sand.
Opposite the mouths of the Selenga, Upper An-
gara, Kichera and Turka, the bottom is sandy-silty;
near the shores it is sandy. Pebbles, boulders and
roughly rounded stones and fragments of rocks
predominate in the shalow aong rocky shores.
Opposite low sandy shores, the gentle dope of the

bottom is covered to a considerable depth with
more or less silty sand (Fig. 1.19).

In many places, especially in the Maloye More,
central Baikal, and in the regions of underwater
sills, sections of the bottom strewn with coarse
detritus (gravel, pebbles and even large blocks)
occur at considerable depths, often at 100-200 m
and deeper. The thickness of the silty deposits in
the deep sections of Baikal is not known. Probably
this is very great. In the Selenga delta region, as
stated above, the deposits of sand and silt washed
out by the river are up to 6,000 m thick. This delta
protrudes far into Baikal and is close to 40 km
wide.

Some details of the distribution of soils in vari-
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ous sections of the lake will be given in the section
on the lake's benthos.

Lake Baikal is the only freshwater body in
which there are submarine canyons (Fig. 1.20), as
in the World Ocean. These submarine canyons are
routes for transportation of terrestrial material from
a coastal zone to great depths.

The first data on these canyons can be found on
the bathymetric charts of Drizhenko (1908); they
include the heads of practically all canyons and
valleys. Some of the canyons of north Baikal were
studied by Lut (1964). He stressed the great depth
of incision of these canyons, and the proximity of
their heads to the coastline. The canyons of south
Baikal were studied by Ladokhin (1957), Kulish &
Pinegin (1976), Zolotarev (1958), Tyumentsev
(Kozhov, 1972), Mirlin et al. (1978); and
Karabanov & Fiakov (1979, 1987).

Below we provide brief data on the canyons,
based on the monograph by Karabanov & Fialkov
(1987).

Lake Baikal harbours more than 100 submarine
canyons. Their morphology and size vary greatly.
For instance, the Kukuisky canyon (in the north
part of the Selenga avandelta) is more than 20 km
long and 500 m wide at its lower part; the small
canyons-gullies of the Goloustnaya fordelta are
about 200 m long and 510 m wide.

Most canyons begin at 3-5 m depth, but some of
them arise at greater depths (for instance, the Kur-
linsky canyon, which begin a a depth of 18-20
m), close to the coast (for instance, the Tyya can-
yon).

In the upper reaches of the canyons, sediments
(silty sands) are finer than in the adjacent shallows
(sand, gravel, pebbles). In the canyon beds, on the
contrary, coarser sediments occur (sand, gravel),
while finer sediment (aeurite silt) is found on the
flanks.

The lithodynamic processes, controlling trans-
portation of materials along the canyon beds, are
similar for al canyons. These processes include
currents of different nature, turbulence, washout of
surface layer, slow movement of the whole mass of
sediments or their surface part, landslides, and
suspension streams. The upper reaches of some
canyons (e.g., Zhilishe) (Fig. 1.20) are typically in
a dynamic equilibrium between input and drift of
sediment along their floor. The input of new mate-
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Fig. 1.20. Longitudina profiles of underwater canyon
Zhilishe by rope sounding (I-1X) and observations from on
board the submarine "Pisces" (X-XI). After Karabanov &
Fialkov. 1987.

rial causes the transference of an equal amount of
older sediment down the canyon. Suspension
streams are capable of transporting terrigenous
materials not only from one flank, across the
Baikal depression, to the other, but aso move
them along the depression occupying the whole
area of the bottom and form "puff-pastry"-like
sediments with interlayers of gravel, sand, aeurite
and clay. The mineral composition of these sedi-
ments may be alien to the given region, since they
were brought in from another region. The inter-
layers may include pollen of modern and ancient
plants from sediments washed out by streams. The
interlayers contain remains of Diatoms, Ostracoda,
Porifera and other organisms not typical of a deep-
water region.

The heads of the canyons are "traps" for plant
detritus brought in by rivers. The share of organic
matter in the sediments reaches 30%. Later, dl this
is transported to the Baikal depression where it
gets buried.
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Fig. 1.21. The Selenga River in the area ot the delta. Photo

The canyons take up a considerable part of the
terrigenous materials from shallows, which results
in destruction, Hooding and washing out of the
coasts.

Little is «ill known about the genesis of most
submarine canyons of Lake Baikal (or their parts).
The data available suggest different origins. Some
authors (Zolotarev. 1958; Lamakin, 1958; Kozhov,
1972) consider them to be flooded valleys of the
rivers, others forms of tectonic relief (Galkin,
1975), while others (Ladokhin, 1957) connect their
origin with the formation of transversal fractures
and faults, in the development of which erosion
activity of drifts (landslides, collapse), gliding
along the canyon, was of great importance.

Karabanov & Fialkov (1987) describe the differ-
ent genesis of some of these submarine canyons.
The Tyya and Portovsky canyons are erosive by
nature. They have several tributaries and are cut
into loose sedimentary material. The Cherny, Zhi-

by P. Mamovsky.

lishe, Sennoi, and Bolshoy Cheremshany canyons
are of tectonic origin. They were weakly changed
by erosion processes and cleave origina crystal-
line rocks. The Kurlinsky canyon is of mixed ori-
gin, tectonic-erosive. It is cut into both loose se-
diment and crystalline rocks. The heads of the
canyons located opposite the Shinanda and Tom-
puda rivers, and the Frolikha inlet, finaly, were
created by glaciers.

1.3. Affluents and drainage

More than 300 rivers and rivulets flow into Baikal
from a catchment area of 540,000 km? Of these,
the rivers Selenga, Upper Angara, Kichera, Bar-
guzin, Turka and Snezhnaya are the largest. All
big affluents rise in the east and north parts of the
catchment area. The rivers and streams flowing
from the mountains on the west coast are very
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short; before emptying into Baikal, many of them
disappear under screes. In winter, they are frozen
to the bottom, forming extensive ice bodies. After
heavy and prolonged rainfalls in summer, they turn
into tempestuous mountain streams carrying dl
kinds of material into Baikal: boulders, pebbles,
clay, whole trees, and sometimes carcasses of dead
animals. In such periods, the waters of Baikal turn
turbid over large distances.

The Selenga (Fig. 1.21), Baikal's biggest afflu-
ent, rises in the spurs of the Khingan Range in
Mongolia. Its total length is 1,480 km (1,591 km
according to other sources). It drains north Mongo-
lia and the eastern part of the Trans-Baikal area
The Egin-Gol, one of its tributaries, flows out of
the large Mongolian Lake Khubsugul (Kosogol),
which has been mentioned earlier.

The Upper Angara takes its source in the North-
Baikalian Highland. It is 640 km long and flows
first in a narrow mountain valley and then aong
the broad Upper Angara tectonic depression, emp-
tying into the northern extremity of Baikal. The
wide pre-delta section of this depression directly
adjoins the trough of north Baikal.

The Barguzin, 370 km long, flows into the
Barguzin Gulf of Baikal. Its valley is structurally
analogous to the valley of the Upper Angara. After
emerging from the mountains the river flows to-
wards Baikal along a broad tectonic depression.

The Turka, 171 km long, empties into Baika in
the central part of the east shore.

All affluents combined deliver into Baikal up to
60 km® of water annualy, with the Selenga ac-
counting for 50%, the Upper Angara for 15%, and
the Barguzin for 7%. Moreover, Baika receives
more than 9 km?® of direct atmospheric precipita-
tion at its surface (Table 1.6).

The coasts of Baikal and the surrounding moun-
tain slopes abound in hot springs which never
freeze. In such springs or in their immediate vicin-
ity, overwintering ducks can sometimes be seen;
tertiary relicts of plants and invertebrates whose
life is connected with water are also often observed
here.

All water brought into Baikal, with the excep-
tion of 9 km® which evaporates, is carried out by
the Angara (Figs. 1.22). Cutting through the gran-
ite massif of the Primorsky Range, the Angara is a
powerful river more than 1 km wide, leaving
south-east Baikal towards the north. After 1.853

Table 1.6. Water supply and loss in Lake Baikal Mean esti-
mates for the years 1901-1971. After Afanasyev, 1976

Layer Volume %

thickness (km®)

(mm)
Supply
Precipitation 296 9.29 131
Inflou-surface 1.870 58.75 82.7
Inflow-underground 68 2.30 3.0
Total supply 2,261 71.16 100.0
L osses
Outflow 1.916 60.39 84.8
Evaporation 331 10.33 14.6
Total losses 2,261 71,16 100.0

Fig. 1.22. The outflow of the Angara in the summer. Photo
by V. Korotkoruchko

km it merges with the River Yenisel which, at the
point of confluence, carries haf the water of the
Angara. The point of confluence lies almost 360 m
below the level of Baikal. With the erection of big
hydropower stations on the Angara, Bakal has
begun to play the part of a giant reservoir feeding
the entire system of the Angara hydropower chain.

The level of Baikal varies in the course of the
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year Its peak leve is attained in September-Octo-
ber, sometimes m August, the lowest mark is
reached in April-May In years with little precipi-
tation, the difference between the lowest spring
and highest autumn levels is only 60-80 cm, but in
years with maximum precipitation, 120-140 cm
may be reached (Vereshchagm, 1949, Lopatin,
1954)

The usua long-term level of Baikal, as already
mentioned, stands at 455 6 m, but there are years
with exceptionally high or low levels The highest
level in the last century, observed on October 2,
1869, was 457 14 m, the lowest, 454 92 m, was
registered in April 1904

According to research carried out by Galazy
(1956), the level of Bakal in 1785 was 30 cm
higher, and in the period between 1395 and 1405,
50-60 cm higher than in 1869, judging from beach
ramparts and trees that have survived since then
Galazy pomts out that in many parts these ramparts
are overgrown with arboreal vegetation, with many
trees of 450 to 550 years old It can be supposed
that the amplitude of secular fluctuations in the
level of Baikal in the last 500-600 years was of the
order of three meters

Under the impact of winds and of changes in
atmospheric pressure, the water le\el of the lake
changes periodically During strong winds, the
level falls near the leeward shores and rises at the
opposite shores In south Baika the maximum
wind-induced fal of water level at the west coast
reaches 17 cm and the maximum rise 14 cm A
maximum wind tide of 17 cm has been observed
for north Baikal and 20 cm for the south extremity
of the lake Oscillations of the water level during
strong winds and with sharp changes in atmos-
pheric pressure also occur during the ice period
(Pomytkm, 1960)

These oscillations give rise to seiches Accord-
ing to Solovyov (1925), the seiches vary in perio-
dicity and amplitude In the north part of the lake,
their amplitude does not exceed 10-12 cm, in the
south part, they reach 14-15 cm The period of
oscillation of seiches differs widely, but Veresh-
chagm writes that a seiche with a period of oscil-
lation of 4 hours 51 minutes is common in south
Baikal

In 1956 the Irkutsk hydro-power plant dam was
built on the Angara River Later, the Bratsk and

Ust-Ilim dams followed Due to these dams the
lake's level now depends on the working regime of
these plants Modern changes of water level and
oscillations are shown in Fig 1 23 An elevation in
water level after the creation of the Irkutsk dam
caused a significant reforming of the coast There-
by, input of large amounts of suspended material
became possible For example, in 1984 the input
due to coastal erosion was 400,000 t (Lut, 1985),
or 10% of the total supply of suspended material
Coast structure changes also affected the migration
of omul in the River Selenga mouth, and the
spawning sites of Cottocomephorus grewmgh
around the lake

14. Water temperature and circulation
141 Heat budget

Baikal is not thermally uniform (Fig 1 24) De-
pending on the relief of the bottom, the distance
from the mouth of the big rivers, the indentedness
of the coastline and the size of the shallows, the
following regions can be distinguished

1 coastal shallows cordoned off from open waters

(sors, internal sections of bays and gulfi.),

2 extensive open shallows lying opposite the
mouths of large atfluents,

3 big gulfs (not very deep) and the Maloye More,

4 open waters far from river mouths and extensive
shallows, including not only the deepwater part
of the lake, but also the open coastal zone with

d poorly developed (narrow) littoral, not more

than several tens or hundreds of meters wide

The waters of these regions interact in the var-
ious seasons of the year, thus making the es
tablishment of any strict boundaries between them
impossible

We begin the review of the therma regime of
Baikal with sors and shallow gulfs, which differ
little in regime from the ordinary cutrophic lakes of
south Siberia As an example, we take Posolsky
Sor and Proval Gulf (Figs 1 24, 1 25)

Posolsky Sor lies to the south of the Selenga
delta Its area is 3,500 hectares, its maximum depth
3 3 m, and severa rivers flow into it Its water is
renewed two or three times a year It is connected
with Baikal by a short shallow gullet, about 200 m
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Fig. 1 24 Seasona changes in the temperature of water in the sors,
gulfs and open waters of Baikal. 1 Posolsky Sor, 3-4 m,, 2. Mukhor

Gulf (the Maloye More), 5 m; 3-7. open Baika 3. a a depth of O
m 4 10m, 5 25 m, 6 50 m, 7 250 m. After Kozhov, 1963

Fig 125 Water temperature in the area of the Proval Gulf in June
1955 A beginning of June. B middle of June; C end of June After
Popovskaya. 1961 —?
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Table | 7 Water temperature in Proval Gulf in 1943 After Kozhov, 1947

Total March 29 April 29
depth

(m) ur- Bot- ur- Bot-
face  torn face torn

Region

June 16-24 Juh

Sept 3-10

Bot- Sur- Bot- Sur- Bot- Sur- Bot-

Sept 1516

face lorn face turn face  torn face  torn

South-western part
of the gulf, 1-2 km

from the shore 12 - - 02 196 182 22-26 - 145 - - -
Middle of the gulf 4-45 - - 0.2 25 19.2 167 22-26 - 14.7 140 - -
Opposite

Oblomovskaya

Bayou 34 5- - - - 150 15 0- - -

Off Sakhalin Island 2-3 03 39 - - - 144 - 12.6
Lake Baika near

Cape Oblom 10-15- - - - 190 - 156 — - ~

Table 18 Temperature in the central part of Proval Gulf in winter 1925-26 After Rossolimo. 1957

November 27 December 30 Febivan_ 8 March 3 \pnl 13

Depth. t° C Depth, " C Depth. t° C Depth. ic C Depth, t°C

m in in in m

0 0 0 0.4 0 0.6 0 0.4 0 04

3

(bottom) 1 0 13 2.0 15 18 - - - -
25 32 29 38 3 45 25 29
(bottom) (bottom) (bottom)

broad. Ice cover forms at the end of October and
lasts until early May, breaking up at the mouths of
the affluents in April.

After ice break, the water in the sor rapidly
warms to the bottom. Towards the end of May the
temperature of the superficiad layers already
reaches 14-18.5° and that of the bottom layer, 13-
15°. In open Baikal, the surface temperature at the
same point in time does not exceed 0.5-1.0°.

In July and August the temperature of the entire
water mass of the sor reaches an annual maximum
of 19-23°. In middle and late August, a gradual
cooling sets in. Early in September the temperature
stays at a level of 14.5-16°, and then drops sharp-
ly. At the end of October the sor covers with ice.
The thickness of the ice cover reaches 1.2-14 m,
and therefore a considerable part of the shallow

coastal belt freezes to the bottom. At the outset of
the sub-ice period, the bottom temperature remains
comparatively high. In 1938-1943, for instance, it
was 4.5-4.8° and remained at 3.5-4° even in the
first ten days of April. During the sub-ice period,
the bottom layer retains this higher temperature
thanks to the heat accumulated during summer by
the viscous soil rich in organic substances (Koz-
hov, 1947).

The outflow of water from the sor to Baikal
through the gullet is maintained around the year.
In spring and summer this water slightly warms up
the nearshore surface layers of Baikal.

The extensive shalow Proval Gulf, which has
an area of 18,500 ha and is 4.5 to 5 m deep, is si-
tuated to the north of the Selenga delta and re-
ceives severa arms of that river, carrying vast



Natural conditions

29

amounts of suspended material, responsible for the
exceptional turbidity of the gulf. In summer its
transparency does not exceed 10-20 cm, and less
after strong winds When winds cause a rise in
water level, the waters of Baikal easily penetrate
into the gulf through short, broad channels. In
quiet weather, a slow permanent current can be
observed from the pre-estuannc areas of the Se-
lenga arms, through these channels, to Baikal. As
in Posolsky Sor, the waters of Proval Gulf are rap-
idy warmed up after the break-up of the ice in
middle or late May (Table 1.7). In the second half
of July, its temperature rises to 18-20° at the sur-
face, and 16-18° at the bottom.

In July the temperature remains a 19-26°
throughout the water mass. In summer, the water
temperature in the vicinity of the channels is usu-
aly 4 to 5° lower than in the middle of the gulf.
In mid-August, signs of autumnal cooling appear.
In the first half of September, the temperature falls
to 14-15°.

At the end of October and the beginning of
November, Proval Gulf becomes covered with ice.
The water temperature during ice cover is shown in
Table t.8.

The regions opposite the mouths of big nvers
are characterized by a prevalence of shallows,
strongly influenced by fluvia waters This influ-
ence is particularly pronounced opposite the delta
of the Selenga. In winter, cold fluvid waters pen-
etrating to Baikal cool its open waters, but in
April-May they are heated better than the waters of
the lake, and warm them up. Between June 10 and
20, when a homothermy of 3-4.3° is established in
the deepwater area of the lake, the superficial tem-
perature opposite the Selenga delta reaches 8-11°.
With distance from the shore, the temperature usu-
aly fals sharply to 4-5°. Later on, towards the end
of June and in July, the tem-perature of nearshore
waters opposite the delta reaches 15-16° on the
surface, whereas 2-3 km from the shore it does not
usually exceed 11-12° over considerable depths. In
August, the surface water temperature opposite the
delta rises to 18-19°, over a depth of about 4 m,
and 3 km from the shore, over a depth of more
than 50 m, it is 14-15°.

In summer, currents carry the warm waters of
the Selenga Shallows to the neighbouring
deepwater regions and considerably raise the tem-

perature of their water. A permanent current is
known to run from the shallow to the south-west,
towards the outflow of the Angara. Spreading over
the surface, the waters of the Selenga Shallows
gradually mix with Baikal water. The thickness of
the layer of mixed waters, in which an admixture
of the Selenga waters can ill be detected by
chemical analysis, does not normally exceed 5-10
m, but in some instances, patches of these waters
are observed to extend to a depth of 25-50 m (Vo-
tintsev, 1960). When the southwesterlies prevail,
the Selenga waters are driven comparatively far
away to the north of the delta, but in calm weather
and during winds from the north-east, the south-
ward current restarts. The changes in the direction
of the Selenga current often result in a rather com-
plicated horizontal distribution of temperatures in
central Baikal. Some peculiarities of this distribu-
tion will be described in the chapter on life in
thewater mass.

The influence of fluvid waters on the thermal
regime of the adjacent regions of the lake is also
seen in Barguzin Gulf. A diagram of the warming
of the waters of that gulf in 1932 is given in Fig
\.26 (Kozhov, \934b). The pre-estuarint area of
the River Barguzin is shallow, the 20 m isobath
being situated at a distance of 4-6 km from the
shore.

The Barguzin empties into the gulf in the central
part of its eastern shore. The fluvia waters incite a
current in the gulf directed from the mouth of the
river into the open lake along the Svyatoi Nos
Peninsula. In summer winds from the south shift
this current towards the coast of the Svyatoi Nos
where it flows along in a band of 2 to 3 km wide
and 2 to 4 m deep. In accordance with the flow of
fluvia waters, the June temperature of the super-
ficid layers of water m the gulf along the Svyatoi
Nos coast, where depth reaches 300-500 m and
more, is 9 to 10° higher than in open Baikal. For
instance, on June 20, 1932, the surface temperature
here reached 11-16°, whereas a 3.4-4° homothermy
prevailed at that time in the gulf and in open Bai-
kal.

Towards the beginning of July, the water tem-
perature throughout the gulfs shallows more or
less evens up, reaching 15-20° at the surface. In
the outer part of the gulf it does not exceed 11-12°
and in the depths of the gulf, 6-8°. In early August
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Fig. 1.26. Water temperature in the Barguzin Gulf in the
summer of 1932. The arrows show the direction of the cur-
rent. After Kozhov, 1934

Fig | 27 Seasona changes in water temperature in the
Maloye More A southern part; B centra part After Koz-
hov, 1958 ->

the temperature of the surface layers climbs to 17-
22° in the shallows, to 17-18° at a depth of 5 m,
and to 12-14° at 10 m. In the open outer part, the
surface layers are also warmed up to 15-16° and
the bottom layers at 25 m to 5-6°. At the end of
August and the beginning of September the water
temperature from the surface to a depth of 10 m is,
to a considerable degree, homogeneous throughout
the gulf, a 12-15°

A permanent current of fluvial water has aso
been discovered in the north part of Baikal. It
flows from the mouths of the Upper Angara and
the Kichera southward along the north-west coast.
In summer it has a marked wanning effect on the
region lying along the north-west coast of the lake.

A brief geographical survey of the Maloye More
has already been given. In its open parts, ice cover
forms between December 20 and 31, and much

The Mukhor gulf
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earlier in the shallow bays and gulfs. The Mukhor
Gulf, for example, freezes in late October. If the
autumn is warm, the formation of the ice cover is
delayed until the end of December, and in the
northern part at times even to January. The ice
cover in the southern and central parts of the
Maloye More breaks up in the middle of or be-
tween the 20th and 31st of May, and in the north-
ern part at the end of May. The ice break-up occurs
still later if the spring is cold. For instance, at the
end of May 1951, the central and northern parts of
the Maloye More were still under ice, and in 1953
its southern part was freed from ice only at the
beginning of June. The thermal regime of the
Maloye More in its northern part does not differ
essentially from that of open Baikal, but the ther-
mal regime of the shallow southern part has its
own peculiarities (Fig. 1.27). In the Mukhor Gulf
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(the southern extremity of the Maloye More), the
water temperature reaches 18-20° at the end of
June, whereas in the same period, in open Baikal,
the surface layers are at 4-5° Towards mid-Au-
gust, the temperature throughout the Maloye More
is more or less even and differs little from that in
the open lake By the middle of September the
surface temperature fals to 10-12° everywhere
The cooling of the waters of the southern and cen-
tral parts of the Maloye More proceeds faster than
in open Bakal

As has been mentioned, in open Baikal the in-
shore shallows 3 to 10 m deep are very narrow,
with the exception of shallow regions opposite
river mouths Due to this, the open coastal waters
are under the constant influence of the neigh-
bouring deepwater areas, while having only a faint
influence on the thermal regime of the latter

Open Baika freezes in the first half of January
in its south part and somewhat earlier in the north
part (Fig 1 28) The duration of ice-cover varies
markedly between years, depending on meteoro-
logical conditions Often, just-forming ice is bro-
ken by strong winds, then restored, only to be
destroyed again Not infrequently this process lasts
for many weeks The ice cover becomes definitive
a an average temperature of 2-2 9° in the 0-250 m
layer, with fluctuations from 160 to 293°
(Rossolimo, 1957)

In February-March the thickness of the ice
reaches 80-120 cm (Fig 1 29) The ice break-up in
south Baikal occurs at the beginning of May and in
the north part at the end of May and early June
Thus, Baikal is ice covered for four to five months

The fluctuation in temperature of the ice caused
by iceair heat exchange and heating by direct
solar radiation is chiefly responsible for the forma
tion of numerous cracks and breaks in the ice
cover Cracks evidently also develop due to strong
winds, causing sub-ice turbulence Some cracks
stretch for many kilometers and are up to a meter
or more in width During strong winds, ice move-
ments and hummaock-building are observed aong
the cracks, which widen and form open-water
spaces, especially in spring before the break-up of
the ice (Fig 1 30) The cracking of the ice and
appearance of hummocks and thrusts is accompa-
nied by weird sounds Now a threatening rumble
of distant ice ruptures can be heard, now thunder-

ous strokes are heard quite near by and a wide
crack suddenly opens before one's eyes, then there
comes a long-drawn groan, produced by small lo-
ca ruptures, or the noise and crackle of hum-
mocking This "symphony" attains particular force
in the morning and evening at the beginning of
winter

Thermally, the mass of water of open Baikal
forms two vertica zones the upper, or alternating
(after Vereshchagin, 1927, 1933), and the lower, or
perennial  The boundary between them lies ap-
proximately at a depth of 250-300 m, but it is not
permanent (Figs 1 31-1 33)

In November a reverse thermal stratification is
established in the upper layer and is sustained
there throughout the ice cover, lasting until the end
of June or the beginning of July Under ice cover,
the temperature of the surface is close to zero and
gradually rises to 3-3 5° with depth At a depth of
about 200-300 m, the temperature stops rising and
a gradual fal begins, which continues down to the
very bottom Thus, in this period the maximum
temperature at 200-350 m stands at 3 53 6° Ve
reshchagin called this maximum mesothermic It
can, of course, only be observed in the autumn-
winter period and partially in spring before the
start of the spring warming The position of the
mesothermic maximum is usually accepted as the
boundary between the upper and lower zones of
the mass of Baikal water, but it often lies lower
than 300 m and is sometimes found at a depth of
less than 200 m

While the reverse thermal stratification in the
upper zone in the cold period is explained by au-
tumn-winter cooling of the upper layer, the dow
fdl in temperature below the mesothermic maxi-
mum towards the bottom depends on changes in
the temperature of the water of maximum density
with increase in depth

Soon after the establishment of the ice cover, a
dlight increase in temperature is noticed under the
ice, caused by penetration of solar radiation
through the transparent ice, which is very intense
in Baikal in winter This is the start of the spring
warming of the water Before the break-up of the
ice, the below-ice layer from several centimeters to
a meter thick already has a temperature of 0 4-1 7°
In this period the temperature rises somewhat in
the lower layers as well The genera rise in the
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Fig. 1.30. The Lake Baka in winter. Photo by V. Korotkoruchko

temperature of the upper layer up to 200 m during
the ice period may be due not only to the pene-
tration of the heat caused by solar radiation into
the depths by means of convection, but also to the
mixing of the water of this layer with that of
warmer deep layers, the temperature of which is
close to that of the mesothermic maximum. In the
ice cover period the temperature of the lower lay-
ers of the upper zone changes by a very small
vertical gradient, while the gradient in the middle
layersis somewhat higher. The temperature of lay-
ers lying below the mesothermic maximum does
not remain constant either. It changes vertically,
first within a range of several tenths of a degree,
while at a depth of more than 400 m the thermal
gradient per 100 meters does not exceed, on aver-
age, 0.05°.

The changes in temperatures of the water mass
during ice cover show that the movement and mix-
ing of waters continues even under the ice. For this
reason the classical state of "winter stagnation",
common in shallow lakes, is practically non-exist-
ent in Baikal.

The destruction of the ice cover also takes a
long time. The complete ice melting of the south
part of the lake usually takes place at the begin-
ning of May, and in the north part in the second
half of May or in early June. It is followed by a
very slow warming up of the entire upper zone of

the lake. At the outset of the warming up period,
an especially intensive convective water circula-
tion is observed, arid wind-induced circulation also
increases. As a result, a partial homothermy sets in,
first in the uppermost layer, 10-20 m in thickness,
and then spreading to the deeper layers. In the O-
50 m layer, it is established around the middle of
May a a temperature close to 1-1.5° and, in the O-
100 m layer, a the end of May or beginning of
June, at a 2.2-2.5°. Finadly, the temperature evens
up throughout the water mass of the lake. In south
Baka a relatively complete/rlgrngthe(my_usually
sets in around June 20 and in the north part, in
mid-July. In different years the onset of homo-
thermy may vary within two to three weeks.

The period of summer warming up begins with
the appearance of the first signs of direct thermal
stratification. Already the beginning of summer
warming up witnesses the establishment of an epi-
iimnion with increased temperatures and a small
gradient, a metalimnion, with a sharp gradient
(thermocline), and a hypolimnion, or layer of low
temperature with a small gradient. In sunny, cam
weather during summer warming up, the metalim-
nion can be clearly located. On many occasions, at
the end of July and beginning of August, a sharp
temperature drop at a depth of only 4-5 m occurs.
In such periods, the upper 0-3 m may have a tem-
perature of up to 12-15°, while at 3-4 m the tern-
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Ag- i 3/ Vertical distribution of temperature m Baikal's
deep-water regions at the onset of the ice period A in the
area of the Ushkany Islands on January 9, 1915 (average
temperature in the 0-200 m layer 1 82°C), B the Bolshiye
Koty on January 14, 1932 (average temperature in the 0-200
m layer. 197 °C) After Rossohmo, 1957.

perature will be 10-13°, and at 56 m only 4-5°. In
August, the metalimnion descends to 10-20 m and
deeper. But the temperature layering is often bro-
ken by strong winds. In summer, after a period of
cam days, the temperature of the upper layers of-
ten rises to 14-16°, but in the firs hours after a
strong north-western wind it drops to 4° along the
leeward coast, indicative of the emergence of deep,
cold water to the surface.

At the end of the summer warming-up, the tem-
perature layering of the upper zone becomes more
stable than at the start of this period, which is
probably explained by a subsidence of the meta
l[imnion below the zone of intense mixing.

Owing to the frequent disturbance of the layer-
ing, the warming up of the upper zone proceeds
unevenly. Disturbances are especially manifest
near the shores.

As mentioned above, the surface temperature of
open deepwater regions is influenced by currents
from river mouths and extensive shalows The
zone of influence of the waters of the Selenga
Shallows occupies a large area, spreading in both
directions from the delta of the river. The shallows
warm up the superficial waters of the neighbouring

deepwater regions in summer and cool them in
autumn.

In summer, the surface layers of open Baika
reach a maximum of 14-16° in warm years and not
more than 12-13° in colder years (Fig. 1.34). In
south Baikal this maximum fals at the end of
August or beginning of September, after which the
autumn cooling sets in. Stratification can still be
observed in the upper zone at the beginning of
cooling, but it is often broken. The depth where
the metalimnion begins increases in this period to
30-50 m, its lower limit lying at about 100 m. The
autumn homothermy develops gradually. Around
the middle of October the temperature of the top
50 m in south Baikal evens up at 9-10°. Later, the
homothermy spreads deeper and deeper, with a
simultaneous decrease in temperature. In south
Baikal, full autumn homothermy usualy sets in
during the course of the last ten days of November
or a the beginning of December, at 3.2-3 7°. In
north Baikal, this happens a little earlier.

After the onset of autumn homothermy, the tem-
perature of the upper layer does not decrease fur-
ther for four to six weeks, until the formation of
the ice cover, and the reverse stratification charac-
teristic of the entire late-autumn and ice cover
periods is established.

The amplitude of annua fluctuations in tem-
perature of the surface waters in south Baikal
reaches 12-16° with the maximum in late August
and early September, and the minimum in January.
In the 10 m layer the lowest temperature (0.2-0.5°)
is reached in January and the highest (12-13°) in
August and the first half of September. At 20-25 m
the periods of the thermal minimum and maximum
are about the same, while the amplitude decreases
to 9-11°, in some years reaching 12-13°. At a
depth of 50 m the maximum temperature is usually
attained later, in autumn, and the amplitude dwin-
dles to 6-8° in warm years and 4.5-5° in cold years
(Fig. 1.35). At 100 m the lowest temperature (2.2-
2.8°) is observed in April and the highest (6.0-
6.5°) in autumn, with an amplitude not exceeding
4-4.3°. Finally, at a depth of 200-250 m, as already
mentioned, the temperature never goes beyond 3.4-
4.5°, Seasonal changes are sometimes observed
deeper, to 300 m and more, but their amplitude is
extremely small.

Table 19 shows the mean monthly temperatures



Natural conditions 35

03 03 11 3113171

0 [ 0
" f Yy

20f )1 :\\};: IHjgl | 7
40_/ /m// : :3150\ _"/\\glo'f_/ \
oy E el
80 4 7o \ ' |/"""O--\_/"\
1004 asf~_| AN ! ! | 201 !

i : : 100-4"] = Y;
E : : ]
£ 7 : ! E 1
§' = /JrQ :Ia _5' b / :3:

i /\-ﬁ ! 40 f a- 1 30 e
200+ a0 : i a v \J ) ' :“‘ 40

1 e : ; 200- b
250 ‘I-_I-- -I T TT T I\ LIl III TT TIHTTIETTT TT I TT ) 1” 0 I1‘: /A\

[ | | N (VAR 12)/!18 VIE VL IX X X X . Frf el
ZSOFMIFII" ) A T T T T T
TR RV A TRV T S T
1954
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Fig 1 34 | Surface layer temperature under abnormally warm (@) and abnormally cold (b) conditions at the beginning of August
I. location depth of lower boundary of seasonal thermoclme under abnormally warm (a) and abnormally cold fb) conditions at
the beginning of August. 1 depthOm, 2 5m; 3 10 m, 4 15 m, 5 20 m, 6. 30 m, 7. 50 m, bottom. After "Prediction ..", 1986.
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Table | 9 Mean monthly temperatures of the surface water layers in the Maritui area. After Vereshchagm, 1949

Months ! I 11 I\ v Vi \i VIl I1X X Xl Xl Yeai

Temperature. °C 017 001 Oil 041 195 429 932 1275 1018 798 464 241415

Table | 10 Annual turnover of heat (kcal cm?) After Shimaraev et al, 1994

Parts of Baikal 3 km from 7 km from Centre 7 km from 3 km from
western western of the eastern eastern
coast coast lake coast coast
South 605 542 35.0 42.6 570
Middle 63 0 57 0 50.0 , 490 54 0
North 46 0 44 0 39.0 37.0 41 0
Average 56 0 520 43.0 43.0 510
Table Il Values of vertical gradients of water temperature the annual accumulated temperature is two to three

(°C nr' 10% After Shimaraev et al., 1994

times higher than in the open littoral of the lake.
There are also sharp differences between shallow

Layer, m South Baikal ~ Middle Baikal North Baikal . o
gulfs and open waters in seasonal distribution of
300-500 50 55 4.0 heat This has certainly been a factor in the evolu-
500-800 27 38 2.0 tion of the Baikalian fauna, and its immiscibility
igg'olcl’ggo 372 21'8 - with the fauna of sors and adjacent lakes.
1300-1500 - 14 i The heat balance of the lake and main para-

of the surface layers in south Baikal. January and
February are the coldest months and August is the
warmest month there.

Vereshchagm (1949) stated, on the basis of iso-
lated measurements, that at the very bottom of the
abyssal region the water temperature rises again
within a few hundredths of a degree, which sup-
posedly testified to geothermic warming of the
bottom layers owing to the deep position of the
bottom of Baikal. This supposition is yet to be
confirmed by highly sensitive instruments.

The amount of warmth in various sections and
at various depths is essential to its life. A com-
putation of the average annual amount of warmth
in day degrees by using material on south Baikal,
is shown in Fig. 1 36. It is a striking fact that the
nearshore waters of the open lake (0-20 m depths)
differ little from the deeper zones in annual accu-
mulated heat. This means that the waters of open
Baikal are a thermal whole from the shores down
to the greatest depths. At the same time, they differ
sharply from the sors and sheltered gulfs, in which

meters influencing it are represented in Fig. 1.37.
The distribution of the heat balance in different
parts of the lake is given in Table 1.10.

The seasonal changes of the vertica heat cur-
rents are shown in Fig. 1.38.

The vertical temperature distribution for dif-
ferent parts of the lake is pictured in Fig. 139
Seasonal changes of vertical gradients in water
temperature are insignificant; average values are
given in Table 1.11. Some local rises of tempera-
ture gradients are determined with the use of a
thermoprobe across a year (Fig. 1.40).

Seasonal changes in temperature in different
parts of the lake are represented in Fig. 1.41. The
spatial and temporal distribution of the temperature
in the lake is shown in Fig. 142. Finaly, Figs.
1.43-1.45 present long-term changes in water tem-
perature.

1.4.2. Currents

Baikal is a turbulent lake, especially in autumn,
when the number of stormy days exceeds that of
calm days. The winds induce powerful horizontal
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Fig | 38 Seasona changes of vertica heat flows through
separate horizons (in % from maximum through the surface
in June) South Baikal, section Listvemchnove-Tankhoi set-
tlements \fter Shimdraev e al, 1994

currents and a vertical circulation embracing the
entire water mass, down to the bottom, is es
tablished. Northeasterlies and southwesterlies pre-
vail. The northeasterly begins in the morning and
cams down a night, but in late summer and in
autumn it is usually sustained for several days
During the north-east wind, known as Barguzm,
Baikal is especially beautiful. This wind blows as
a rule on bright sunny days, making the foamy
crests of high waves gleam and the sprays and
foam opalescent in the sun. The rumble of the surf
can be heard far on the slopes of the mountains
and in deep gorges. The south-west winds, also
blowing along Baikal but in the opposite direction,
are locally called Kultuk. They, too, can be very
strong and prolonged, especially in inclement
weather in the autumn.

The differences between the temperature of the
air and the atmospheric pressure over Baika and in
the coastal regions give rise to constant winds,
blowing alternately from the shores or from the
lake. Of particular constancy are cold breezes
blowing in summer and winter in the evening and
sometimes also at night from deep creek valleys

and gorges. In summer they drive the heated sur-
face water from nearshore shallows to open regions
and cool them.

The greatest power is packed by the hurricane
winds blowing across Baikal from the mountains
of the north-west coast at a velocity of up to 30-40
m sec . They have an especialy strong influence
on the rise and fal of the water level and vertical
movements of masses of water.

Research by Sokolnikov (1960) and Krotova
(1967) has revealed a rather complicated system of
currents and vertical circulation both in the ice-free
and ice cover periods. There are cyclonic currents
with a horizontal and vertical axis, and currents
directed offshore in the surface layers and shore-
ward in the lower layers, with emergence to the
surface. Often currents change direction in differ-
ent periods of the day. Several independent closed
systems of horizontal counter-clockwise circula-
tion have been established. These horizontal circu-
lations are overlapped by vertical currents of dif-
ferent velocity and direction.

Verbolov reviewed current conceptions of the
currents in Baikal, based on direct measurements
of currents (Fig. 1.46).

Velocities and directions of currents change
depending on the time of the season, depth of a
site, distance from the coast and underwater coastal
slope, temperature (density) stratification, and have
a complex temporal and spatial structure.

The greatest vertical velocities are recorded at
the surface of the lake, and decrease with depth.
Maximal values of vertical velocities decline with
depth logarithmically, having different parameters
for the coastal and offshore parts of the lake. Mean
monthly and seasonal velocities vary by one order
of magnitude across the water column.

In coastal shalows and bays, the regime
and scales of currents are determined by loca
winds.

In coastal regions currents are more intensive
over the underwater coastal slope than 7-10 km
away from it. In spring and autumn they usually
embrace the water column down to the bottom, but
in the central part of the lake, at depths of 300 or
more meters, a motionless "kernel" can be pre-
served. Below, a more active prebottom layer,
where velocities of currents increase again, al-
though not always or everywhere, occurs. This is
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Fig. 1 40 Seasonal changes in temperature of deepwater lay-
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After Shimaracv et al, 1994

1 south Baikal

2 middle Baikal

3 north Baikal

distinctly displayed near the transition of the
underwater coastal slope into an underwater valley
or near great rises of bottom relief (near the
Selenga elevation and the Academichesky Range).
A "Decpstream" of the pre-bottom flow is located

at approximately 40-70 m above the bottom, and
its direction is close to the direction of the currents
in adjacent deep waters.

During ice cover and in times of weak summer
winds (July), currents are minimal, but they are
maximal in spring (the period of freeing the lake
from ice to homothermy) and autumn.

The vertical distribution of the mean velocities
of water transfer vector is greatly affected by tem-
perature stratification. As a rule, high velocities are
recorded at the water surface. They decrease lin-
early to a minimum towards the thermocline layer,
after which they increase again and then slowly
decrease with depth.

The temporal structure of the currents is com-
plicated. Spectra of currents are of a continuous
character. Their greatest energy corresponds to
oscillations of their velocities with periods of tens
of hours (synoptic oscillations of wind velocities -
from 2-3 to 57 days), after which it diminishes
with a decrease in oscillation periods, retaining a
series of distinctly expressed maxima at the peri-
ods: 24 hours (diurnal oscillations of wind veloci-
ties), 14-15 hours (typical of the latitude inertia
oscillations), 12 hours (tidal component), 278 and
about 120, 93, 53 minutes (the dominant seiche
and its overtones). In the inertia frequency interval,
the energy with frequency growth diminishes ac-
cording to powers close to "minus five thirds® and
"minus three". This testifies to the existence of
both three-dimensional and two-dimensional ma-
croturbulence in the current structure, and a great
influence of wind regime and wave processes upon
it.

The horizontal structure of the currents is com-
plicated There are meso- and macroturbulent vor-
tices, the source of their origin being inertia oscil-
lations (clipsoid in coastal areas and almost rotary
far from it, with a diameter in the upper layer of 1-
6 km). Moreover, in southern and northern parts of
the lake large circulation structures are observed,
the dimensions of which reach 70-90 km Like-
wise, momentary formations, connected with wave
phenomena of Kelvin-wave type, Poincare-wave
type and others occur. The coastal zone of friction
in the upper layers is 2 km in size. On its lake
border, transfer velocities are the greatest, then
they dowly diminish towards the middle of the
lake where the circulation changes its direction for
the opposite one.
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Fig 1 41 Distribution of temperature in the water mass on a longitudinal section in the centra part of Baikal Long-term
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Fig 1 42 Distribution of temperalurc in the superficia layer
of Baikal End of July-early August, 1988 After Shimaraev
et al, 1994

The whole lake is subject to a coastline cyclonic
circulation which from time to time undergoes
breaks. Fig. 147 shows the results of continuous
observations of the currents (including long-term
observations), showing the overall picture of water
movements in the 15-100 m layer.

Between large circulation structures there are
zones of turbulence connected with divergence
zones and large elevations on the bottom. Calcula-
tions of convection-gradient circulations by dy-
namic methods averaged for a long-term period
have shown that temperature and current fields are
deeply related.

Major sources of energy of the currents are wind
friction against water surface, atmospheric pressure
gradients, unevenness of warm upper layers of
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Fig 1 43 Long-term changes during May-October ot mean
temperature of the superficial water layer near the coast |

south Baikal, 2 middle Baikal, 3 north Baikal After Shima-
raev et al. 1994

water, river inflow, and solar and lunar tides.
The water movement is primarily affected by
friction against shores, the thermocline, interna
bottom friction, the Earth's revolution, density
(temperature) stratification, and wave phenomena.
Wind plays the most significant role in the for-
mation of the currents. It apparently creates up to
80% of their energy, while 10-15% is created by
changes in atmospheric pressure. Under ice, the
current velocities are ten times lower, and currents
have been recorded down to great depths, with a
prebottom maximum over the coastal slope. In the
central part of the pelagial a maximum occurs in
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8 maximum thickness of ice. After Shimaraev et al, 1994.

the upper 100 m layer (with a distinctly expressed
sub-ice layer of friction, 10-20 m thick). Generally,
under ice cover, current velocities do not exceed 4-
6 cm sec’, maximum 9 cm sec .

Near mouths of large rivers, streams of river
water cause local vortices. The modal stream of the
major Selenga River channel is traceable to one
kilometer from the shore. Under flood conditions,
this becomes 3 km or more, deviating to the right.
Away from the mouth, river water get mixed with
lake water and is included in the currents of the
lake. A similar picture is observed at the Upper
Angara and Barguzin rivers.

Coastline circulation and a coastal layer of fric-

tion leads to the formation of a vertical circulation
over the underwater coastal slope. In the epilim-
nion and hypolimnion such circulations are formed
separately, and the thermocline serves as a bound-
ary. The general structure of the water masses is
preserved, with the exception of some cases of
upwellings, when wind from the shore drives the
epilimnion and thermocline far away from the
shore.

Cyclonic circulation is twice as frequent in
Baikal as anticyclomc circulation. Under cyclonic
circulation in the coastal zone, the upper part of
the hypolimnion sinks.

The zone of descent is formed by lateral friction
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of a current against the underwater coastal slope. It
stretches to 2 km from this slope into the lake, then
a compensatory ascent of water occurs, the size of
which is three times larger. Under anticyclonic cir-
culation, a reverse situation occurs: rise of deep
water towards the thermocline is observed at the
underwater coastal slope and, outside the zone of
currents, a compensatory descent of waters.

The velocities of vertical circulation are low and
do not exceed 7% of the velocity of horizontal
circulation. During a single storm the particle
transfer trajectory rarely exceeds 100 m day"! The
processes of vertical and horizontal diffusion take
place simultaneously. Penetration of waters from
the upper part of the hypolimnion into deepwater
layers at the shore occurs about twice as fagt as in
the central part of the pelagial. Sunken waters get
mixed with waters from adjacent parts of the cen-
tral zone. Horizontal gradients in concentrations of
compounds in the deepwater zone can be preserved
for a long time.
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Fig | 46 Map-scheme of Baikahan surface convective-gra-
dient currents After Verbolov, in. Atlas of Baikal, 1993

1.5. Optical properties

A light regime depends on several external and
internal factors. External factors, such as solar ra-
diation on the water surface, depend on geo-
graphical and physical conditions: latitude of the
area, atitude above sea level, the Sun's altitude
above the horizon, atmospheric conditions (trans-
parency, cloudiness, moisture), and the air-water
interface of the lake (turbulence, presence of ice
and snow). Internal factors define the distribution
of light in the water column and depend primarily
on optical properties of the water and their spatial-
temporal variation. In water, most radiation is dis-
tributed in the spectral range of 400-700 nm (pho-
tosynthetically active radiation - PAR). On Lake
Baikal, located between latitudes 51.29' and 55.46'
N, maximum (noon) solar altitudes vary from 62°
to 11°, and day length is from 17.00 hours in June
to 7.00 hours in December. The duration of sun-
shine, taken as a ratio of the maximum possible,
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fluctuates from 63% in February and March, to
22% in December; the total, direct and penetrated
PAR is 440, 360 and 380 W m'? in June, and
110, 60 and 70 in December, respectively (Fig.
1.48).

The spectral distribution of PAR on the lake
surface, calculated by intervals of 20 nm, shows
that total and incident radiation a 450 nm or less
declines quickly with decreasing wavelength, and
remains practically constant in the rest of the spec-
trum (Fig. 149). Readings obtained by gamma-
spectroradiometer with a resolution of the order of
2 nm, confirm these calculations and display a
more sophisticated spectral structure of incident
radiation (Fig. 1.50).

, 1986

Albedo in the area of PAR on a clear, cloudless
day in calm weather is minimal during midday and
reaches maxima in the morning and evening hours
due to a great reflectivity at small solar altitudes
(mirror component); low values for scattered irra-
diance at sunset, from the solar disk from behind
the mountains, occur (Fig. 1.50). Spectral albedo
in the area of PAR in the range of solar altitudes
greater than 20° depends only dlightly on wave-
length (Fig. 1.49). During winter, the flux of solar
energy into the water reaches a greater extent, de-
fined by the state of ice-snow cover, its impact on
albedo and transmittance. Spectral albedo of newly
falen snow is weakly selective and has high val-
ues, of the order 97-80%. For snowless ice, the
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Fig | 49. Spectral onset of total and incident (thick and thin
lines, respectively) in the range of PAR. calculated by spec-
tral intervals of 20 nm (A) Recording of total PAR with
scanning spectroradiomctcr with a resolution of about 2 nm
(thick line) and spectra] dlbedo, measured at the same place
(thin line). South Baikal (B) After Stepanova & Sherstyan-
kin, 1984.

albedo decreases to 35-20% (Fig. 1.51). The spec-
tral transmittance of snowless ice about 1 m thick
a midday hours is maximal (about 80%) in the
range of 500 nm and decreases towards the visible
part of the spectrum. The presence of newly falen
snow of the order of 2.5 cm in thickness lessens
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Fig | 50. Albedo on a clear, cloudless day in calm weather
(thick line) and albedo according to Frcnel (dashed line) The
sun's atitude (thin line) is given from the sun rises from
behind the mountains and to the moment it sets behind the
mountains North Baikal After Sherstyankin, 1975

PAR transmittance approximately ten times (Fig.
151). The measurement of spectral irradiation in
the water from above, expressed as a ratio of irra
diation from above, shows that at great depths
light radiation is usualy in the range of 480-500
nm, with 2 10" of light radiation reaching the 100-
m leve in this part of the spectrum, and approxi-
mately 2 10" in the presence of 2.5 cm of snow
(Fig. 152). The values of spectral irradiation on
separate horizons, taken as a ratio to subsurface
irradiation, change little in the course of the day
(Fig. 1.52). In the period of open water, irradiance
reaches great depths, in the range of 480-500 nm,
the "transparency window" of the Bakal waters
(Fig. 152). In June, approximately (1-10) 10" of
irradiance reaches the IQO-m mark in the "trans-
parency window"; in winter this value is reduced
to (2-100) 10° from downwelling irradiance (Sher-
styankin, 1975). Measurement of light fluxes by
highly sensitive photometers has shown that solar
radiation during winter reaches depths of the order
of 400 m, and moon radiation - 200 m. In the
absence of an atmospheric background (light from
the Sun, Moon, stars, sky), fluorescence of Bai-
kalian waters has been observed, apparently of
chemical-luminescent nature. Its intensity decreas-
es from the surface to the bottom (Bezrukov et al,
1984)

Transparency by Secchi disk. One of the easily
determined optical characteristics of natural waters
is transparency measured by a standard (30 cm
diameter) Secchi disk. Systematic measurements of
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transparency were conducted in 1909-1918 near
Maritui, where remarkably high transparency val-
ues, up to 40.2 m, were obtained (Shostakovich,
1924). A series of long-term ob-servations of
transparency at Bolshiye Koty is available at the
Research Institute of Biology of Irkutsk State Uni-
versity (Fig. 1.53).

in open water After Sherstyankin, 1975

The transparency of the open waters and its
seasonal changes are shown in Figs. 154, 155
In open deepwater regions, the highest transpar-
ency is observed from the end of November (the
period of autumn homothermy) until January to
mid-Feb-ruary. At that time the white disk can
be seen up to a depth of 25-30 m and in regions
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Fig. | 53. Biologica Station in BoUhiyc ICoy settlement. Photo by V. Ostroumov.

removed from the shores and river mouths, up to
40-41 m. In shallows and opposite river mouths,
transparency is much lower than in deepwater re-
gions. During the spring bloom of algae, the trans-
parency grad-ually diminishes, and in March-May
the white disk cannot be seen a 8-10 m even in
deepwater regions. In years with particularly high
crops of algae, water transparency can fdl to 6-8 m
in April-May (still under ice cover!) and to 2-3 m
in shallows. As the vernal algae die and homo-
therm y sets in, transparency increases again, reach-
ing 20-25 m or more towards the end of June. In
summer, with the onset of thermal stratification,
trans-parency decreases once again, the summer
mini-mum of about 6-8 in (and in some years, 4-
5 m) being reached in August. The relationship
between water transparency and phytoplankton
biomass is shown in Fig. 156.

In shallows, especially opposite the Selenga
delta, transparency can drop to 12 m or less after
strong winds. The water then turns muddy-yellow,
because of large amounts of suspended material
stirred from the bottom. September sees the be-

ginning of the autumn increase in transparency,
which reaches a maximum towards December, dur-
ing autumn homothermy.

Transparency coefficients are distributed un-
evenly in different seasons of the year. In June-
July and October-November, when there is no
mass development of phytoplankton, the range of
transparency changes is wide, from 20-30 m to
some meters. In August-September, it narrows to
510 m (Fig. 1.57).

Light attenuation coefficient. Optical properties
of Bakalian waters were studied, using photom-
eters, by Lcc, (1969) and Granin et al. (1977).
They measured light attenuation coefficients
(A.C), a, or transparency 0. For a water column 1
m long, a=-ln 8 (1 m""). We shal apply also ocy
= -lg B = 04343 a 0 rn), where & is the optical
density of a water layer of 1 m thickness. Attenu-
ation coefficients equal the sum of absorbtion co-
efficients, ag and scattering, a. and their value
depends both on the content of suspended com-
pounds in the water, responsible for scattering, and
on dissolved and suspended absorbing compounds
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(dissolved organic matter, DOM, phytoplankton
pigments, etc.). Seasona and " jump" A.C. profile
areas are distinguished where vertical A.C. gradi-
ents are maximal - the so-caled layers of A.C.
"jump”. In the upper layers there are two zones
with A.C. "jumps', which, by analogy with tem-
perature, are called seasonal and deep. The change
in vertical A.C. profiles in the course of a year for
the deepwater region of open Baka is shown in
Fig. 1.58. A deepwater layer with an A.C. "jump"
is formed at 200-600 m in south Baikal; in relative
depths this is approximately at 0.150-0.45 (the
ratio of the depth of the layer to the maximum
depth). The existence of a deepwater layer of A.C.
"jump" is attributed to dynamic processes, whose
intensity is changing in time, re-sulting in a change
of depth. A seasona layer of A.C."jump" is
formed after homothermy First, it occurs in the
uppermost layers (Fig. 1.58. 7,8), then with sum-
mer and spring warming up under the ice, it is
lowered (Fig. 158. 1,34). In the same layers
phytoplankton develops intensively, which leads
to a significant, up to 1 (In m"%) or more, increase
of A.C, and promotes a better warming-up of the
water. The values of vertical A.C gradient in the
seasonal "jump" layer during this period exceed by
two-three orders those in the deep "jump" layer.
As summer and spring warming continues, the
depth of the seasonal "jump" layer increases, while
A.C. values and its gradient diminish (Fig. 1.58.
2,5). In the period of homothermy, the seasonal

1963

1964

Fig | 55 Seasonal changes in Secchi disk transparency in the open walers of south Baikal, Bolshiye Koty, | 5 km offshore. After

Kozhov, 1972.
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Fig 1 59 Scheme of vertical structure of Baikalian waters
for deepwater zones of the lake Seasonal (I) and deep-water
(2) layers of attenuation coefficient "jump" (AC) | surface
(upper) zone with maximum AC and gradient values, Il
deepwater zone with minimum values of AC and near to zero
gradients of AC, 111 prebottom zone with increasing values
of AC and positive gradients. After Sherstyankin, 1979

"jump" layer coincides with the deepwater layer
(Fig. 158. 2,6), to finaly reappear in the upper-
most layers (Fig. 1.58. 7,8). In the period close to
homothermy, values of vertical A.C. gradients in
seasonal and deep "jump" layers are of the same
order of magnitude.

Vertical structure of Baikal waters. The analysis
of numerous A.C. profiles, carried out throughout
the lake from aboard ship, and for south Baka in
winter, makes it possible to distinguish three zones
in vertical structure of Baikal waters: surface,
deepwater and prebottom (Fig. 1.59). The surface
zone has maximum values in A.C. and vertical gra-
dients. It starts at the surface and ends at the
deepwater "jump” layer, i.e., at relative depths of
0 15-0.45. The deepwater zone has maximum A.C.
values and near-zero vertical gradients. This is the
zone of the most transparent waters. The approxi-
mate range of their relative depth is 0.45-0.85. The
prebottom range is again distinguished by higher
A C. values and positive vertical A.C. gradients.
At a distance of 20-30 m from the bottom, A.C.
increases quickly while approaching the bottom.
The prebottom zone is not always present at one
and the same stations, which suggests a dynamic
mechanism of its appearance, apparently due to
exchange of slopes. The vertical structure of
Baikal water by its optical characteristics supports
the idea of disting-uishing three water mass zones,
suggested for the first time by Tolmachev (1957),
based on an analysis of vertical distribution of
hydrochemical indices.

Soatial  distribution of attenuation coefficient
(A.C). To characterize the spatial distribution of
A.C. in the lake, we shal draw on general features
of optical structures, obtained from longitudinal
and transverse sections.

1. The character of optical structures depends on
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A - for the range of 480 nm, B - for 360 nm South Baikal, Bolshiye Koty, ice station March 6, 1971 After Sherstyankin, 1978

the seasonal course of the A.C.: (@) during sum-
mer warming up (July-September) the optical
structure of the water in deepwater zones of the
lake is characterized by vertical rather than hori-

zontal heterogeneity. In the upper layers (10-30
m) there is a sharp (with a spread in A.C. values
of up to 04 Ig m") A.C. "jump" layer (Fig.
1.60); (b) during spring (June) and autumn (No-
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vember) homothermy, the heterogeneity in ver-
tical A C distribution decreases, and increases
horizontal The A C "jump" \ayer occurs at
depths of 100-300 m and lower, with a spread
in A C values of less than 02 Ig m"' (Figs
160, 161)

2 In pre dope zones and also above under water
elevations, a destruction of "jump" layers is ob-
served The A C isolines are strongly inclined
(Figs 1 60, 1 62), indicative of an increase in
vertical exchange in these zones

3 Each trough of the lake in decpwater zones con-
tains an individual water mass(Figs 1 60, 1 63)

4 Waters with the lowest values of A C occur in
deepwater zones and, as a rule, in regions of
maximum depth (Figs 161, 1 63)

5 In the area of the Selenga Shallows, the frontal
structure is continuous, which indicates that
mixing of river waters occurs from surface to
bottom, and only during summer warming can
part of the mixed water in the surface layers
cross the whole lake Temporary variations in
attenuation coefficient caused by non-stationary
abiotic and biotic processes give rise to tempo-
ral AC variations Momn et al (1974) distin-
guished phenomena with different time scales
In Baikal, small scale, mesoscale synoptic, sea-
sonal and interannual phenomena can be distin-
guished Small scale A C variations with peri-
ods ranging from seconds to tens of minutes
were identified in 1968, using the difference of
depth location of the "jump" layer under a low-
ering and lifting of the transparency-measure
(Belosertsev et al  1975) Mesoscale AC  vari-
ations with periods from several hours to days
were detected by vertica movements of the
A C isopleths at fixed stations during 4-5 days
of observation., u.smg corcelaloc. z.vAVI%\% of di-
urnal observations of A C Variations recorded
ranged from 05 03 to 04 04 1971 at the ice sta
tion in Bolshiye Koty (Stepano\a et al, 1984)
Seasonal A C changes have been given above
They cover the whole water column The char-
acter of their changes m surface and deepwater
zones varies, and may come close to a phase
opposition, (e, when A C values in the upper
zone decrease, they increase in deepwater and
vice versa A C changes m the prebottom area
have a seasonal character Interannual A C

changes are brought about by fluctuations in
phytoplankton stocks ("rich-crop" years), and
are indicative ot great long-term variabihty For
example, at Listvyanka and Tankhoi, average
values of A C in 1976 (high aga stock) were
twice as high as in 1975 An analysis of yearly
variability in transparency at Bolshiye Koty
from 1950 to 1978 showed that both short-pe-
riod (from 2 to 6 years) fluctuations and fluc-
tuations with periods close to the 11-year solar
cycle, with periods of 10-12 and 20-24 years,
can be distinguished

Soectral distribution of attenuation coefficient
Spectral variations of A C in natural waters are
caused by different contributions of absorption and
scattering processes to total attenuation In the
long wavelength part of the spectrum, absorption
by the water molecule predominates In the middle
of the visible part of the spectrum, absorption by
phytoplankton pigments and scattering by suspen-
sions prevail In the short wavelength part, effects
of light scattering by water, suspension and ab-
sorption by dissolved organic and "yellow sub-
stance" occur In Baikal waters, A C minima tend
to fdl in the visible part of the spectrum For
greater A C values, typical of surface waters, they
are displaced towards long wavelengths (550 nm
and above), and for more transparent deep waters
an A C minimum or "transparency window" oc-
curs in the range of 480-500 nm (Fig 161) (Shers-
tyankin, 1978) Extremely low AC values of
Baikal waters in the "transparency window" are
approximately twice as high as A C for the most
transparent waters of the World Ocean, the Sar-
gasso Sea (Matlak, 1972, Kuleshov et al, 1987)
and 8-10 times as high as the A C of pure water
(Kopelevich, 1974) In the blue and ultraviolet
pans, of the spectrum, the atteaualUoa coefficients.
of Baikal waters increase rapidly with a decrease in
wavelength This is due to their higher content of
dissolved organic matter (DOM) and "yellow sub-
stance", compared with the ocean (Sherstyankm,
1979a, b. Fig 1 64)

Relationship between light attenuation coeffi-
cient and water transparent On the basis of
hydro-optical studies, relationships between trans-
parency by Secchi disk (S), photic zone thickness
(Zg), and attenuation coefficients can be establish-
ed


file:///ayer

Chapter 1

10011

200 4

Depth, m

3004’

500

1000 -

Fig 1 62 Spatial distribution of AC (nr') on transverse section of the lake A - in the south Baikal 03 11 75, B - in the middle

Baikal 24.09 75 After Sherstyankin, 1979a.

23.08 24.08 25.08.79
12 24(00) 12 24(00) 12 Time, h
u 1 1 1 1 i Ll‘/ 1 1 L Fl i 1 1
of = 7
045 - e
025
E

€ / /

| 100+ o

4 R g o

< k=
200-J

Fig 163 Isopieths of AC (m™) at diurnal station. North Baikal, Khoboi Cape. 23-25 August, 1979 After Sherstyankin, 1979

Zg(m) = 28'S 1)
and
a (In-rrrY) = 7.28 /' S (m) + 0.004 2

From (2), water transparency can be calculated:

6 - e (©)

On the basis of monthly mean transparency val-
ues, calculated from long-term observations (1955-
1985) at Bolshiye Koty and expressions (1)-(3),
the annual course of photic zone thickness, attenu-
ation coefficient, transparency, corresponding to
mean, maximum and minimum values of transpar-
ency (Fig. 1.65) were obtained. The data in Fig.
165 are applicable only to the characteristics of

surface water. If equation (2) were true without any
restrictions, such as for the exceedingly transparent
Baikal deepwaters (a = 0.041 In m""), we would
get a transparency value equal to 197 m.

Comprehensive hydro optical surveys (Sher-
styankin, 1975) made it possible to find a relation-
ship between the probability of photon survival
in a single scattering and the attenuation coeffi-
cient:

A - -0048 / a (In m") +0.969 4)

Its seasonal course in surface waters, calculated
by (4), is shown in Fig. 1.65, leading to an evalua-
tion of the seasonal course of dl major optical
characteristics:. as = a (1-A) and a = Aa. Joint
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observations with biologists and chemists have
shown that there are significant correlations be-
tween the attenuation coefficient in the visible part
of the spectrum and suspension concentration (r =
0 80-0 87), chlorophyll concentration (r - 0 77-
0 73) (with a maximum near 420 nm, / e, near the
short wavelength maximum chlorophyll maximum)
(Sherstyankin et al, 1988) Vertical profiles of
attenuation coefficient, zoo-, phyto- and microbial
plankton have common features (Sherstyankin et
al 1972), which alows a selection of samples to
be carried out and their volume to be optimized It
has been found that accumulations of some hydro-
bionts (eg, Maciohectopm) produce specific dis-
turbances of attenuation coefficient, providing a
method to define sizes of spatial assemblages (of
the order of 50 m) of Macrohectopus, to trace its
vertical migrations, to determine its maximum ver-
tical rate of rise (about 4 m mm '), and its mean
daytime depth (180-270 m) (Sherstyankin &
Kaplin, 1973) The distribution of the attenuation
coefficient and temperature in the upper (to 400 m)
layers of water has shown that in periods of dis-
tinctly expressed temperature stratification (and
density stratification), correlation coefficient are
close to +0 9 in the period of direct, and -0 9 in the
period of inverse stratification In periods close to
homothermy, relationships between attenuation
coefficient and temperature become weaker, and
correlation coefficient decrease to 0 50 6 (Stepa-
novaef al, 1984)

In conclusion, we can demonstrate a close rela-
tionship between total radiation, water transpar-
ency and surface temperature distribution across an
annual cycle (Fig 1 66)

1.6. Chemical environment
161 Water chemistry

The waters of Baikal are poorly mineralized soft
waters of the hydrocarbonate class, Calcium group
The sum of maor ions is from 957 mg 1 ' (Vere-
shchagin, 1947) 96 6 mg 1 ' (Votintsev, 1961) The
content of biogenic elements and organic matter is
insignificant (Table 1 12)

Vereshchagin (1947) divides al compounds dis-
solved in water into three groups The first group

comprises compounds with an even distribution at
all depths throughout the year These are maor
ions (hydrocarbonates, sulphates chlorides, cal-
cium, magnesium, potassium), and gaseous nitro-
gen and rare gases The second group consists of
compounds, the concentration of which increases
with depth These are carbon dioxide (Fig 1 67),
phosphates (Fig 1 68), nitrates (Fig 1 69) and
silica (Fig 1 70) The concentration of these com-
pounds increases in the upper layers of water (to a
depth of 50-100 m) in winter, and decreases in
summer-autumn due to their utilization by phyto-
plankton The third group are compounds the con-
centration of which decreases with depth and in-
creases in autumn-winter month (prior freezing of
the lake) These compounds are oxygen (Fig 1 71)
and organic matter

Table 1 13 shows average long-term concentra-
tions of the chemical constituents of open Baikal
Inter-annual changes are given in brackets For
comparison, data on the chemical composition of
the water of the major affluents of Baka are also
given (Table 1 14)

The average chemical composition of the water
of most affluents is rather similar to that of the lake
itself, but the composition of the water of some of
these rivers is quite \ariable

The water of most affluents belongs to the
hydrocarbonate-calcium-sihca or even to hydrocar-
bonate-silica-calcium hydrochemical facies which,
according to Maximovich (1948), arc typica of
rivers of mountainous regions in temperate cli-
mates Changes in the water of the affluents are
brought about by diatoms, consuming silica In the
course of a year, diatoms consume on average 240
10° tonnes of silicon After dying off, they carry
this silica to the bottom sediments Research into
the silica balance shows that mass development of
diatoms, Melosira in particular, cannot occur in
Lake Baikal every year the silica balance would
be disturbed Moreover, mass development of
Melosira does not occur throughout the lake, prob-
ably because of silica limitation (Votintsev, 1961)

Nutrients, organic matter and gasses (0,, CO,)
are distributed unevenly not only across the water
column, but throughout the water mass (Table
1 15, Fig 1 72) The concentrations of mineral and
organic compounds of nitrogen and phosphorus
are characterized by two maxima in the course of
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Table | 12 Average chemical composition of water in open Bakal and its affluents (mg 1"")

Open water Adfluents
After  Vereshthagm After  Votintse\, After  Votintsev, After  Bochkarev,
1949 1961 1961 1959
(South  Baikal/*
HCO, 635 635 79.3 728
S04 48 52 67 70
or 07 0 6-1.4 18 13
Ca," 15.2 152 200 180
Mg,* 41 31 43 36
Na' 39 38 Na'+K* 5.1 Na'+K" 46
K* 23 20
Sio, 1555 S11 4.4 -
Al -~ traces traces - -
Mn - 0 0015 _ _
Fe, total - 0 028 028 _
NO, 0 19*0 62 N 0045 - -
PO™ 0 01-0.06 P 0024 - -
Oxidiz-
ability,
mgo0, 1' - 162 43 -
CO, free 044-5 28 |49 - -
14 4-9 6 Il 64 - -
3,2 22 4-16 8 - - -
Sum of
10N§ - 934 1172 -

* The first figure stands for the surface layers, the second for deep waters

a year. The annual maximum of nitrate-N is ob-
served in January-February. Nitrite and ammonical
nitrogen are almost absent from the upper zone,
approximately to a depth of 500 m, and appear in
very smal quantities only in the period when
plankton is dying-off. At great depths, especially
near the bottom, ammonia nitrogen is present in
somewhat greater quantities. In spring (May-June),
the first vernal minimum of nitrogen and phospho-
rus compounds in the upper layer of water coin-
cides with a maximum content of organic forms of
nitrogen, and the vernal plankton dying-off.

The summer maximum of inorganic nitrogen
and phosphorus, coinciding with a summer depres-
sion in the phytoplankton development and, like-
wise, with minimum concentrations of organic
forms of nitrogen and phosphorus, is observed in
July. It is followed by an August minimum of
these nutrients, accompanied by a maximum of
their organic forms during the summer phytoplank-
ton bloom. The summer maximum of inorganic
nitrogen and phosphorus is short-lived and rather
weak.

The summer minimum, on the contrary, is long
and results in a complete consumption of mtrate-N
in the upper 10-25 m water, and in a decrease of
phosphate-P down to 13 mg m' This can be
explained by the somewhat isolated trophogenic
water layer by the thermoclinc. The concentration
of mineral forms of nitrogen and phosphorus in-
creases with depth, while that of organic forms
decreases. Seasonal changes in the content of min-
era and organic forms of nitrogen and phosphorus
extend down the upper JOO m layer In that layer,
maximum gradients of change in these biogenic
compounds are noted. The horizontal distribution
of nitrogen and phosphorus compounds across
Baikal waters is rather variable. Of great impor-
tance is the shift of phenopauses in a latitudinal
direction. This is exemplified by long-term data of
seasonal changes of nitrogen, phosphorus and
silica in south Baikal (Table 1.15), and throughout
Baikd as well (Fig. 1.73).

The concentration of silica, as stated earlier, is
small: in the upper water layers it averages 107
mg I". At great depths, and near the bottom, it
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Fig 1 69 Seasonal change of nitrate-nitrogen content (mg
m') in the Baikal waters Listvenichnyi settlement Average
values 1950 1960 After Votintsev & Glazunov, 1963

Fig 1 68 Seasona change of phosphate-phosphorus content
(mg m?) in the Baikal waters Listvenichnyi settlement Av-
erage values 1950-1960 After Votintsev & Glazunov, 1963
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Fig 1 70 Seasonal change of silicon content (mg I'Y) in the
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Fig | 71. Seasonal change of permanganate oxidizability
values (ig O I") in the Baikal waters Listvemchnyi settle-
ment Average values 1950-1960 After Votintsev &
Glazunov, 1963.

reaches up to 25 mg I'%. Its seasonal changes in

the upper layers are directly dependent on the
quantity of diatoms. Maximum silica is observed
in winter, when diatoms are depressed. The mini-
mum, in spring, coincides with the diatom maxi-
mum. In some years a second maximum of silica
concentration is observed in September-October.
This is generally less significant, sometimes ab-
sent.

The iron concentration is not higher than 0.06
mg " (usually less), of manganese - 0.0012-
0.0023 mg I'-.

Iron compounds chiefly occur as colloids and
suspension-oxides. Iron content is conditioned by
input by affluents, which is why it is higher in
autumn. In winter, it decreases to a minimum.
Probably, the particulate oxides are sedimented.
Seasonal changes in manganese in the upper layers
are considerable. In autumn-winter it is at its maxi-
mum, after the ice break-up it decreases to 0.0014-
0.0013 mg I'". In deep-waters, manganese content
increases somewhat.

The concentration of organic matter near the
surface is 1.0-1.6 mgC |* (Fig. 1.74). There are
two maxima and two minima during the year. The
first minimum is observed in spring (April-May),
the second, and strongest, in August.

Minima are observed in February and July. All
peaks coincide with the seasonal development of
phytoplankton. With increasing depth, organic
matter content decreases (Table 1.16), but this de-
crease is small, which testifies to a rather intensive
destruction of organic matter in the upper layers.
Throughout the water mass of the lake, the content
of organic matter differs very little (20-25%). Inter-
annual changes, likewise, are small. The ratio of
permanganate oxidizability to bichromatic is 40%
on average, indicating a predominance of oxida-
tion-resistant organic compounds. The organic
matter entering into Baikal during the year is sub-
ject to a 70-75% destruction.

The remaining fraction is decomposed in the
following five to six years. Hence, accumulation of
organic matter in the water column does not occur,
and its content remains stable (Votintsev, 1983).

Calculations have shown that in the weakly-
mineralized Baikal water only K*, Na" and CI" do
not combine into complexes, whereas all other
elements form combinations of the ion-pair type



Table 1 13 Changes in the chemical composition of the water of south Baikal with increase in depth (mg 1 '), midsummer After Vercshchagin, 1949

Depth m 0, Free CO, Oxidizability soz NO, POf Free N, HCOj so/ a
0 12 44 26 1n 160 030 0 031 17 27 639 518 078
100 135 29 103 242 031 0 025 20 05 639 527 078
200 132 30 0 87 273 043 0 034 20 08 639 5 46 071
300 1 24 30 0 89 364 044 0 037 - 641 537 071
400 101 33 091 3n 0 40 0 039 20 27 637 527 071
500 1071 39 0 96 364 038 0 042 20 30 633 5 66 075
600 1055 37 077 410 0 46 0 047 - 637 5 46 068
700 10 44 38 079 495 0 46 0 049 20 30 635 518 064
800 1031 39 078 509 0 46 0 049 20 30 637 490 078
900 10 27 42 079 500 047 0 049 20 30 635 509 082
1,000 10 20 41 0 90 509 047 0 049 635 527 075
1,100 10 18 42 087 561 0 49 0 062 - 631 5 46 071
1,200 10 16 42 100 540 052 0 06! 20 30 63 8 S 56 075
1,300 10 12 42 0 68 478 053 0 062 20 30 637 5 56 075
1,400 10 10 43 075 540 054 0 063 20 24 63 4 527 071

09

1 1adey)



Table |14 Average (weighted by dramage) chemical composition of the waters of the major affluents of Baikal (mg 1} After Vonntsev ef al, 1965
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Table 1 15 Average long term content (mg m"%) of nitrate-N,
phosphate-P and silica in the waters of south Baikal (1950-
1960) Middle of the lake opposite Berezovsky Cape After
Votintsev & Glazunov, 1963

Months Depth, Nitrate-N Phosphate-P Slicon
m
I 0 88 106 1130
50 95 13 1140
100 95 13 1140
300 97 1 4 1150
II 0 95 106 1190
50 97 13 1210
100 102 110 1300
300 104 13 1300
I 0 63 83 1120
50 7 96 1180
100 81 99 1000
300 86 10.2 1000
v 0 66 94 1120
50 77 94 940
100 81 97 980
300 $6 99 1020
\Y 0 61 85 980
50 61 85 980
100 84 96 980
300 88 100 1020
VI 0 72 95 990
50 79 108 1120
100 79 109 1230
300 90 121 1060
VII 0 63 89 1160
50 79 100 1130
100 81 101 1080
300 84 11.5 1190
VI 0 14 45 1140
50 52 7.0 1180
100 e 88 1180
300 81 99 1190
IX 0 27 56 1140
50 52 70 1140
100 7 88 1180
300 81 94 1200
X 0 34 52 1150
50 50 72 1060
100 34 72 1150
300 86 84 1190
XI 0 68 76 1110
50 66 82 1120
100 79 95 1130
300 88 94 1150
XII 0 86 103 1190
50 88 106 1190
100 93 111 1160
300 93 108 1160

(Tables 1.17,1.18). Al, Fe and Mn are completely
bound; C&~ and Mg* are bound to 85.8 and
99.5%, respectively.

An equilibrium model of Baikalian water does

change conceptions about the state of solution of
one of the major anions, S0,*', which occurs pri-
marily not as a negatively-changed radical, but
reacts with the calcium cation to form the neutral
molecule CaSO,°, in which more than 96% of all
dissolved sulphur is bound. Dissolved carbon -
92% - is represented by HCO3'; about 5% of its
total concentration is C0,°, 1% is HCO3; and only
0.4% is free anion C032\

The degree of complexity increases somewhat
with temperature, but relationships between dis-
solved components do not change much (Table
1.18). Attention is drawn to over-saturation of
Baikalian water with Fe and Mn, which are pre-
cipitated as goethite and pyrolusite. Moreover, part
of Fe together with Al, Si and a small quantity of
akaline and earth-alkali elements form autogenic
smectites, whose composition depends on tempera-
ture conditions.

At the low temperature (4°C) typical of the
major mass of Baikalian water, different ferriferous
montmonllonites are formed, with a stoichiometric
formula Kozag Nagow Caooos MUooos Aym Sizgas
Feo24;) O10(OH)2. When warming up to 20°C, sec-
ondary layerlatice-silicates of a hydromica type are
formed, Koss7 Nagoss Caooos MGooos Alz1e3 Sizrar
Fegoz; Oj0(OH). with a small content of Fe, pre-
cipitated primarily in the form of a hydroxide.

Apatite is another solid phase, crystallizing di-
rectly from solution; in the mineral skeleton of
apatite more than 97% of the chemically precipi-
tated calcium is bound. In a closed system of
Baikal water without contact with the atmosphere,
the existing chemical equilibrium is disrupted and
there is additional precipitation of smectites which
do not contain ferrum, of the composition: Kgs)7

Nag 103 €001 Y960(>1 “'2 106 S3308 O,o(OH),. '''YS!
the annual total excess of elements is precipitated
in the form of autogenic layer lattice silicates, apa-
tite, hydroxides of Fe and Mn. Thus, a stationary
chemical composition of Baikal water is ensured.
An imbalance between the annua residue and the
quantity of newly-formed minerals is due to the
existence of additional sources of input of dis
solved matter into the lake, which might be under-
ground inflow and bottom discharge.
Underground inflow into Baika is estimated at
3.15-378 km® year' (Afanasyev & Didenko,
1976), and its average mineralization is about 0.2
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Fig | 72 Distribution of nitrates (mg | ') in the surface layer of Baikal After Votintsev et a!, 1975
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Fig 1 73 Seasonal changes in the content of N P, Si in the open waters South Baikal, Bolshiye Koty 1948-1950 After
Votintsev, 1952a

Table 1 16 Mean annual values of permanganate oxidizability (PO), bichromatic oxidizability (BO), biochemical oxvgen demand
in 5 days (BOD) (mg 1" in the Bolshiye Koty area After Votintsev, 1961

1948 BOD 1955 average
Depth m 1948 1955
PO BO PO BO PO BO
0 199 4 65 173 177 461 188 4 63
5 190 475 - - 461 186 4 68
10 174 483 - - 4 02 174 442
25 174 512 156 138 4 02 156 412
50 153 4 59 14 132 378 143 418
100 156 4 06 140 124 368 140 3 86
250 146 4 36 132 118 357 132 396
500 109 4 47 106 103 362 106 -
750 103 398 - - - 103 -
1000 103 341 - 074 - 0 88 -

1200 080 352 075
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Fig. 1.74. Horizontal distribution of the values of permanganate (A) and bichromate (B) oxidizability in the surface layer of

Baikal, 1978, mgO 1 '. After Votintsev in: Atlas of Baikal, 1993.

g 1V (Pisarsky, 1987). Hence, this means an annual
entry of 63 10" to 7.56 10" of dissolved matter.
Submarine inflow adds approximately another 3.15
10° g year®, and the remainder of the imbalance is
made up for by chemical interactions between river
suspension input to the lake and weakly-mineral-
ized Baikalian water.

Kashik & Mazilov (1991) point out that the
above hydrochemical analysis gives only an ap-
proximate idea of the content of its maor ele-

ments. They developed an extended balance model
of Baikal waters using relationships of ion pairs,
formation of complexes and chemical precipitation
of a part of the elements (Table 1.19).

16.2. Oxygen regime
The gaseous regime of Baikal is stable and favour-

able for life at all depths. The oxygen content, like
the organic matter content, decreases slowly with
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Table | 17 Chemical balance of elements in Lake Baikal
After Kashik & Mazilov, 1991

Component Annual  reiddue in Baikal Precipitates
After  Votintsev et al, chemically
1965 in  Baikal
W'g 10" g
K 0 0711 6.070
Na 0229 1.376
Ca 1570 9 468
Mg 0600 0151
Al 0059 31.0
Si 792 67 36
Mn 0 0021 0.576
Fe 0553 9084
P 0024 4 28
Total 11 0282 129.365

depth. In the upper layers its content averages
11.7-11.9 mg 1", a 1400 m it is still 9.9-10.6 mg
I"Y, and at a depth of 1600 m, it decreases to 9.5 mg
"2,

It is of interest to note that maximum concentra-
tion of oxygen in the upper 50-70 m layer is ob-
served in winter, increasing from January to
March. This can be explained by the early bloom
of phytoplankton in February (Figs.1.75, 1.76).

Yearly mixing of water embraces al depths,

down to the very bottom. It is especialy intense in
spring and during late autumn-winter homothermy,
when the mesothermic maximum, located at 250-
300 m tends to be destroyed, and free water ex-
change takes place throughout the water column
(Votintsev, 1983).

There are distinct zones in the vertical distribu-
tion of oxygen in Baikal.

The first or photosynthetic zone, stretches from
the lake surface to 5-10 m in winter (ice period),
and to 70-80 m in summer It includes two upper
sub-zones (Vereshchagin, 1936), the sub-zone of
wave mixing, and the sub-zone of diurnal convec-
tion. The characteristic feature of this zone is a
regular diurnal fluctuation in dissolved oxygen
content due to phytoplankton photosynthesis, and
sharp seasona fluctuations in absolute values of its
content (Fig. 177, A). The amount of dissolved
oxygen in this zone is usually near saturation (87-
98% of saturation). At maximum development of
phytoplankton in spring and summer, a weak over-
saturation is observed - up to 107-115%. In winter
(ice period) and in Melosira-poor years, the oxy-
gen content diminishes with depth. This decrease
is small, though, and does not exceed 0.5 mg I
within the 25-50 m limits. In Melosira-rich years,

Table 1 IS Chemical balance of Baikal, 10> Tonnes year® After Votintsev, 1978

Supph Loss
Remains Rentains
in in
Source 18 major Rest of Precipita- Total Outflow Baikal Bai kal
rivers affluents tion of the (in 9% of
over  Baikal Angara the input)
HCOs3- 3539 1004 53 4596 4051 545 12
S0, 277 87 9 373 255 118 32
Cl 42.2 5.4 0.9 48.5 25.8 22.7 47
NO3- 19 2 36 5.5 283 183 100 35
p<\/ 168 186 0.40 394 157 237 60
+ 859 248 18 1125 1007 118 10
&‘gl* 165 32 1 198 138 60 30 "
Na"+K* 204 80 4 288 258 30 10 "
Organic
matter 412 172 24 608 148 460 76
Fe total 277 18 295 06 28.9 98
Sio, 466 161 4 631 136 495 78
ions sum 5107 1462 92 6661 5755 906 14
Total
minera-
lization 6013 1796 120 7929 6039 1890 24
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Table 1 19 Physico-chemical models of Baikalian water. After Kashik & Mazilov, 1991

Compo- Average Equilibrium  composition
nent composition

according Open Closed

to Votintsev system system

(1961),

mol /-' t=38° C t=10° C t=15° C 1=20° C 1=4°C
K* 5.11510 ° 5.045-10° 5032 10" 5021 10° 5 Oil 10° 5 029-10°
Na’ 1652 10-* 1649 10° 1649 104 1649 10" 1648 10" 1648 10"
ca* 3792 ID* 3236 10" 3226 10* 3.215-10" 3201 10* 3236 10"
CaHCOf 1 148 10° 1 184-10"° 2 404 JO" 3 104 10° 1 184-10°
CaCoy° 1 155 10° 1 155 10° 2 428 10-6 3.295 10 1 150 10°
Mg 1 275 10* 1.268 10" 1268 10* 1265 10" 1262 10* 1268 10*
MgHCO,~ 3,953-10 7 3953 10" 5692 107 6490 JO7 3954107
MgCO03° 2 066 107 2066 10 3 957-10"7 5 154 107 2058 10"
Al(OH),° 5 189 10° 672 10" 672 10° 1 342-10-° 1.862-10° 8218-10¢
AI(CH)," 4 145 10° 4 145 10"° 1458 10° 2 580-10° 5053 10°
H,Si0,° 3795 10° 2 695 10° 2695 10° 2829 10° 2 843-10' 2 695-10-'
H,Si0, 1773 10" 1 773 107 4 552-107 6581 107 1 781-10"7
MnOH* 4732 10° 1699 10 " 1699 101 2426 10" 2,790 |0 1762-10"
Fe(OH),° 7.341 tO"7 5.688 102 5 688 10 2 1210 10" 1 740 10'2 4 430 10"
CaS0,°' 5.212-10° 5 212-10-' 5 175 10 5 158 10° 521210°
S0,°- 541310° 1995 10° 1995- 10 2 366-10° 2.529-10"° 1995 10°
H,C04° 1 430 10"® 1 430 10 1239 10° 1 152 10° 1 435-10"°
HCO," 117 10’ 1.085-10" 1.085 10° 1071 10* 1063 10' 1084 10"
05’ . 4623-10° 4623 10"° 7987 10" 9891 10° 4606 10°
’% 1 692-10" 1692 10" 1692 10° 1 692-10°" 1 692-10% 1692-10°

5" 6.451-10 © 2 787 10° 2 787 10° 4028 10° 4.691-10"° 2 740-10-°
) 3.75-10" 4246 10" 4 246 10* 3198 10" 2.865-10* 4 220-10"*

%o 14-10-2 6 254-10-* 6 254 10" 6 005 10* 5524 104 6 183 10"
c0,° 6.4-10" 6.259 10" 6259 10° 1 665 10° 1.267-10° 6280 10"
Eh 0 800 0 762 0 744 0.800
pH 7481 8 17 825 829 8.17

such as 1950, the numerical density of Melosira
remained low in January-March, and its biomass in
the 0-25 m layer did not exceed 0.26 g m™.
Changes in oxygen content within the upper 25 m
remained low, 0.2-0.3 mg I}, oxygen as well. But
at the beginning of April, Melosira developed
heavily in the upper 25-m zone, and a sharp rise in
dissolved oxygen, up to 0.9-1.0 mg I"%, occurred,
with some decrease at the 25-50 m depths. By the
middle of April, the Melosira biomass reached 2.5
g m"*, which resulted in an increase in oxygen
content in the 25-m zone of from 122 mg I" (3
April) to 136 mg I* (20 April).

Diurnal fluctuations in oxygen content in Janu-
ary-February are only measurable in the upper 5-m
layer and are weakly expressed (Fig. 1.77, B). Dur-
ing spring, phytoplankton blooms, and the ampli-
tude of diurna fluctuations in oxygen content rises
from March onwards. In Melosira-rich years the

diurnal changes of oxygen in April to early June
become significant and extend down to 25-50 m
(Fig. 1.78, A,B)- In Jduly, diurnal changes are mani-
fest down to 10-15 m. In August, in the period of
summer algae, they are fdt down to 50 and even
60-70 m. From the beginning of September, diur-
nal changes become weak and restricted to the 10-
15 m zone.

The second zone, that of seasonal fluctuations in
dissolved oxygen content, embraces depths to 250-
300 m. It corresponds to the sub-zone of seasonal
convection according to Vereshchagin (1936). The
characteristic feature of this zone is the presence of
only seasonal fluctuations in dissolved oxygen
content. Diurnal changes are absent since photo-
synthesis does not occur here.

On the vertical, there is some decrease in dis-
solved oxygen, usually not more than 0.5 mg I
oxygen per 100 m depth. In spring and during
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Fig | 75 Seasonal changes in the oxygen content in the waters of Baikal Bolshiye Koty 1948-1951 After Votintsev, 1961

1

140-

130+

*7_ 1201

mg

[ X0 L R Rl A el ol A s e i b, B LB S L L B S L B L L A B SN S S B B
1948 1949 1950 1951

Fig 1 76 Annual and seasonal changes in oxygen content in the open waters of Baika Bolshiye Koty 1948-1951 1 on the
surface, 2 a 50 m 3 a 250 m After Votintsev 1961
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Fig | 78 Seasona changes in free CO, content in the waters of Baikal Bolshiye Koty. 1948-1950 After Votintse\, 1961
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autumn homothermy, the oxygen content is evened
up across the whole zone.

Finally, the third or deepwater zone extends
from lower surface of the zone of mesothermic
maximum down to the bottom. Regular fluctua
tions in oxygen content, both diurnal and seasonal,
are absent. The changes observed here are due to
the presence of the zone of mesothermic maximum
and its destruction during homothermy.

The free C0O, content in the waters of Baika is
not high. In surface water, it is 1.5-1.7 mg I'* (Figs.
1.78,1.79), a maximum depths it increases to 4.3-
4.6 mg 1'. Despite, this low content of CO,, and
thanks to its low general mineralization and a low
content of hydrocarbonates, the waters of Baikal
contain small amounts of aggressive CO,, (1.0-1.5

mg ") during the greater part of the year. Only in
August, and sometimes in September, do the wa-
ters lose this aggressive property. Because of their
low mineralization the waters of Baikal aso pos-
sess leaching aggression. As a result of this, the
bottom sediments do not contain carbonates, and
shells of dead invertebrates quickly decalcify, re-
taining only chitin. It should be added that the
waters of Baikal have a corrosive action on iron
and steel constructions. In view of its low free CO,
content and low mineralization, the hydrogen ion
concentration in the waters of Baikal lies in the
neutral-alkaline zone, within the range of 7.0-8 5
pH units. pH decreases with depth. Maximum val-
ues in the surface layers of the water are observed
in September, and sometimes in spring (May).
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The oxygen regime of the littoral zone of Baikal
is characterized by sharp fluctuations During day-
time it reaches 13-14 mg 1 ' Under wave distur-
bance it decreases quickly, becoming equal with
that of neighbouring open Baka At night, oxy-
gen here decreases to 10 or even 90 mg 1 ' (Fig
178, C)

The free CO, of the littoral and even in the
surface layers of open Baika during daytime is
completely consumed by phytoplankton and bot-
tom macrophytes In the water monocarbonates
appear (up to 57 mg 1), and in the littoral these
amount to 10 mg | *

pH in the littoral during daytime may increases
to 90-10 5 in cam weather At night, it decreases
and it CO, is completely depleted, it again in-
creases The waters of most affluents are poor in
minerals (Table 1 14) and have been divided into
five groups (Votmtsev, 1978) The River Bugul-
deika is heavily mineralized - above 300 mg 1'
The largest affluent of Baikal, the River Selenga, is
less mineralized, (150 mg 1 ' on average) In win-
ter, an increase to 180-200 mg 1 ' occurs Only the
River Re has a mineralization below 30 mg I

Most affluents of south Bakal rising on the
dopes of the Khamar-Daban Range, and the -
fluents of the north-western coast flowing from the
north Baikal highland have a mineralization of 50
to 120 mg 1 ' The waters of the sors and shallow
parts of sheltered gulfs and bays show increased
contents of silica, calcium, bicarbonates, and other
components, particularly in winter (ice period)
(Table 1 20) Thus, the waters of Proval Gulf, into
which the Severnaya River flows, has an increased
content of hydrocarbonates, calcium, silica and
other components in its internal part The water of
Mukhor Gulf (the southern extremity of the Ma
loye More) is high in chlorides, calcium, bicarbo-
nates The water of its internal part has an in-
creased content of silica but, compared to the
Maloye More, a lower calcium content This is be-
cause this part of the gulf is influenced by the
River Kuchelga, which has a different chemical
composition

The North-Baikahan Sor, affected by the waters
of the Upper Angara and Kichera, is characterized
by a lesser content of bicarbonates and calcium

The large gulfs of Baikal - Barguzin and Chi-
vyrkui - in the regions adjacent to the inflow of

the rivers, likewise show some differences due to
the impact of these rivers The waters of the exter-
nal parts of the gulfs, under the impact of the
waters of open Baikal, are close to the waters of
Baikal in chemical composition

The chemical composition of the waters of the
Selenga Shallows is greatly affected by the waters
of the Selenga River Depending on wind direction
currents and water drainage the influence of
Selenga water may be traced up to the west coast
of the lake (Fig 1 80)

The zone located directly over the bottom, i e,
a layer of water approximately | m from the bot-
tom, has an ionic composition practically identical
to that of the deep-water zone An insignificant
increase in bicarbonate content by 1 520 mg 1°,
and in calcium - by 05 mg 1, is possible The
oxygen content decreases markedly, the CO-, con-
tent rises There is a marked increase in phosphate-
P and mtrate-N (by 2-4 times) as well as of silica,
iron and oxidizability AmmomaN is detected
here more often than in the zone above

Finally, in regions with silty sediments, there is
a zone of pore waters, heavily enriched in iron,
silica and organic matter Their oxygen content
drops sharply to analytical zero after the first cm of
silt Free CO,, however, rises sharply The appear-
ance of hydrogen-sulphide is possible The content
of nitrate-N, phosphate-P, silica, iron, manganese
and organic matter increases by 2-8 times or more
In pore waters of sandy bottoms and in coarse-
aleunte silts, no such great increases occur These
are typical of regions with a high content of or-
ganic detritus Having analyzed the dynamics of
the major components of Baikal water, the next
step is to consider its chemica balance Baikal
filled up with the waters of its affluents in a short
(in terms of geology) period of time, estimated at
about four hundred years Intense horizontal and
vertical water exchange prevents relict waters from
being preserved even at the greatest depths of the
lake

Mixing accounts for the homogeneous distribu-
tion of most chemical compounds in space and
time, and the stability of their concentration This
is fecilitated by the similarity in mean chemical
composition of the lake waters and the waters of its
feeding rivers Only the pre-estuary regions of
some big affluents such as the Selenga, Barguzin,
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Table 120 Chemical composition of the waters of bays and sors of Baikal, mg 1"\ July 1955 After Votintsev, 1961

dtes of pH Fiee 0,
sampling CO,

HCO;

so/-

Or

Ca’

S

Olkhonskye

Vorota Strait 83 no 8 50
Maloye More,

middle of the lake

a Ugungoi 83 no 81
Island

Mukhor Gulf,

external part 81 no 937
The same,

internal part 76 no 736
Barguzin Gulf,

region of Kultuk 78 034 9.91
The same, at

Maximikha 77 0 56 11 06
Chivyrkui Gulf.

internal part 82 no 8 94
The same,

external part 77
of Svyatoi Nos

Proval Gulf,

internal part 88 036 8 28
The same, at

Oblomovskaya inrush 81 040 10 40
Posolsky Sor. near

Bolshaya River

estuary 76 308 904
The same,

opposite to inrush

into Baikal 76 | 80 6 90
Anga Bay,

internal  part 84 - 11 53
The same.

external part 82 136 10 60
Severobaikal skv

Sor 74 270 914

076 770

67 3

67 3

68 4

61.8

63 7

68 1

68 2

67 1

1168

107 3

361

290

106 8

722

330

55

5.6

58

68

58

55

5.6

57

12

09

25

40

13

10

12

11

108

54

15

15

07

06

165

165

278

128

19.1

159

168

170

221

191

118

9.3

162

164

78

127

090

084

120

180

148

1.10

110

4.16

210

5.60

4 30

723

177

230

and Upper Angara, are under the impact of their
waters and have shown a spatial distribution of
some chemicals (Votintsev, 1960).

The intensity of the destruction of organic mat-
ter is responsible for the stability of the concentra-
tion of organic matter across long-term observa-
tions under distinct seasonal variations, connected
with the biological activities of aquatic organisms.
Considerable latitudinal differences, resulting in a
shift of phenopauses of biological processes
throughout the lake also play a role (Votintsev et
al. 1975).

These data should be kept in mind when consid-
ering the chemical balance of Baikal, its changes in
time and prognosis for the future. The balance of

the mgjor components of the chemical composition
of Baikal waters has been well studied (Votintsev,
1961; Votintsev et al., 1965; Votintsev, 1978,
1982). The "supply" part is surface inflow with
rivers, and the "loss" part is outflow through the
River Angara, Baikal's single outflow river, and
sedimentation (Table 1.18, Fig. 1.81). Other bal-
ance congtituents are of secondary importance.
Thus, in the "supply" part, the input of compounds
with atmospheric precipitation on the lake amount-
ed to 15% in 1951-1955, and increased to 3.0% in
1976-1979. Aedlian transfer is even less signifi-
cant: 0.03-0.04% (Votintsev & Mescheryakova,
1961). Abrasion of the coasts contributes no more
than some tenths of a percent.
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Fig 1 S0 Distribution of mixed waters in Bai