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{... BIOLOGICAL SE;ULLA OF THE
L:VEL VARIATTONS IN LAKE BAIKAL

+ USSR =

/Followinz 1. the transiation of &n article by

f1e M., Kozkov and W. V, Tyumentsev in the Ruseian-
language publiication Byulleten' Moskovskogo Obashe
chestva Isi ytateley Frirody, otdel biologii (Bulletin

of the loscow Society of Naturalists, Biology Deparimest),
Vol LXVI (3), iioscow, 1361, paces 37-39,7

[

wita tne building of the Irkutskays GES [Rydreelestrie Pewer
Station/ on the Angars River, Lake Baikel in etffect has begun to
serve zs a reservoir, through which it is expected to regulate
the infiow of water required for the normal functioning of the
hydroelectric station. Such regulation can be uccomplished only
as a resalt of changes in the water level of the lake,

According to existing material, the averure, over many
yeurs, level of Lake Baixal (over the lust 60 vears) has been
detarmined at 455.6 m (from the level of the Facific Ocean). The
nizhest level cbserved during tae 6C0-year period equalled 457.1hk =,
The lcwert, recoraed on 2 April 190k, wae ejual to 454,92 m. Thus,
the amplitude of ebsolute fluctuation in the level of Baikal water
over a loag period is equal te 2.22 m.

During the pexriocd of preparing for hydroelectric station
cunstruction on the Anygara River variocus suggestions have besn put
forth and discusmed aimed at using Lake Baikal for power purposes.
According to designe put forth even as far back as 30 years ago by
Academician I. T. Ale..susirov, Professor V. M. Malyshev, and P, M.
Danitriyevsk aimed at the beat regulation of the inflow of water
fro. Lakxe Buikal into the Anpara River, it was suggpestad that the
level of Baikal water be ruised, using the dam of theIrkwhskays 0%S
by 1.5-2 m above the present level. According to this project,
the dun of t:.e Irikwbskays GSS has been built, and all large settle.
ments and structures have been remcved from the proponed gone of
flocding of the Lake Baikal banks.

In 1957 the Gidroatrovproyekt /Bosudarstveanyy Institut po .
stroitel'nonu i rabochemu proyektirovaniyu gidroenergouzlov; State
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Institute for the Constructional and Operational Designiug of
Hydroelectric Power Networke7 put forth new suggestiona for a
. broader use of Baikal for power purroses. It was sugpested to
make a cut in tne flow of the Aagara River by means of a powerful
explosion at a desth of 25 m, a width at the top of 100 m, and a
length of 9 km,

'~ Such a& deepening of the course of the Angara River would
have made it possible to alter the level of Lake Baikal down
to 4«5 m below the present level and assure the control of water
inflow from lLake Baikal for the entire Angara-Yenesei Cascade.
This project, reported by K. A, Grigorowich ¢to sngineers at the
Ccnference for the Development of the Productive Forces of East
Siberia in 1958 in Irkutsk raieed serious objections and at present
it is deemed advisable not to permit any tampering withn the level
of Lake Baikal below its natural perennial level (454.92 m), but
to increuse the carrying cagacity of the Aarara River by lowering
the bottom of its channel 2 m below the present level.

It can be sugrested that with further exvansion of hydro-
electric station construction on the Angara, the Yenesei, and other
large Siberian rivers projects aimed at using Lake Baikal for power
purposes by reducing the level of its water within the permissible
axplitude o such level fluctuation which would substantially exceed
the natural fluctuation may again be put forth. Therefore, it is
extremely imgortant to clearly represent the changes which would
take place in the life of the lake, representing a unique environ-
rment in the distinctiveness of its natural life,

Firset of all we must become acyuainted with the changes
which would take rlace in the life of the lake as a conrequence
of natural seasonal and perennial fluctuations of ita level.

The sessonal fluctuations of the level of Lake Baikal water
in years of low precigitaticn have un amplitude up to 60-80 cm,
and in yearas with a high precipitation rate up to l.2-l.4 m, in
which the minimum level will appear in early spring (April - May),
and the maximum in autumn (September - October), sometimes even by
August. By spring the lowelying banks of the lake are exposed in
2 belt up to several hundreds of meters in width. By autumn before
the frost mobile organisms move from the breaker-zone (crustaceans,
mollusks, bullheads, etc.) to deeper zones, several species of
oligochaetae dig deep into the bottonm.

onder the conditions of flow regulation the seasonal fluctue
ation in the lake level will be very minor. As a consequence of
this we can anticipate a certain worseaing of the conditions of
life in the littoral zone by the end of the summer and in autumn,

& certain shallowiny of the near-shore area of spawaing rivers,
which muat to a certain extent worsen the conditions for the
departure of the Arctic Sea waitefish Z@orogonua autumnal;!?
(August - September = October) for spswning in the rivers. A
worsening can be anticipated during autumn in the oxygen level



in sor /a salina in razakhstan and Central As¢a/ esccinllr by
the end of winter. As far asthe irctic Sea wiitefis: is coacerned,
the positive efrects of abundant precipitation sre related not so
much with @ high level in the laice water as wmuch as with irncreased
flowrxte of the rivers, due to wnicn the aeration cf the egps ic
improved, sparply recucing freeziag of the s, awnin ~rounde, ctc.

Teare »f miniaurn .level have, »n th: otler Lind, & m.ar ly
nezative offect cn the iife of the lake innarditante., during oucih
years sizable nortions of the botton along the lowelyin; banks
become exposed, the spawning grounds of chastikovyye /’?> fich
shrink, and the fattening areas for the young of all fiah beco:es
decreased, by the end of winter the p¢us ccnditicous of the sor
worsen due to the shallowing and freezing of the sor,

With a rerulated flow and artificial decre: e or incre..re
beyond the limite of the astursl fluctuations, all these effect:
will undcubtedly be greatly intensified.

Let us now louk at thuse consecque..ces wihich can be expected
fron increasing the lake level.

Ugon increasing the level of Baikal water by 2 m above the
perennial mean level in the region of the delta cof the Kichera
and Angara rivers, the inundated area will amount to almost 50,0t.C
hectares, the waters coveriag a stretch upwards along the Kichera
for 50 km. Tuus, an eaormous new body of water with u depth of
about l=1l.5 m will be formed. In the re:ion of the Bar"uzinsxiy
neck of land (Earguzinskiy and Chivyrkuyskiy Bays), the total
inundated area will come to 31,000 hectares. .;ew bodies of water
also will be ghallow =- with deptus of l-2 m. In the resi-n of
the Selenginakiy shallows tlie Seleuga deltz will be flooded, :nt
also the lowland purts of the bank to the north and to th: south.
In all up to 55,000 hectares will be inundatei., '
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Figure 1. Areas of the

' ] | .J extent of Baikal littoral

’ ; (according to N, V. Tyumen=
C ‘0:520 tasev); mean average, over

2 T EE many years, equal to 455.6 m.
.3 NTCTRE LEGEND: a) meters; b) thou=
P + T R sands of hectares.
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If we add to the fisures indicated the depressed parts of
otiiar rerione of Baikal, then upon increasing the baikal level
above that of t.e perennial mean level by 2 m, approximately 140,000
hectares of littoral depres:zions will be inundated, and allowing for
islanuys ewercing above the water level -~ 120,000 hectares.

y:on raisiay the level by 1.2 m the flooded area will evi-
dently be not less than 100,000 nectares. he sij niiicance of these
figures will be clear if it is recalled that the entire present 2one
of O to 5 m deptas in Lake Baikal amouate to only 93,000 hactares,
and t.e aept. zune of O=3 m =- about 66,00C hectures. Thus, after
aa iucrease in the level of 1.5«2 nt above tne perennial mean figure
the area of shallows of Lak  Ealital having deptis of 0.5 to 0.3 n
will bte i.creased, resgectively, by 50% and by 100%.

3. Yu., Veresnchazin believes that such a flooding of the
snore-side deuressions will have a substantial positive v.lue for
tne productivity cf the "scr" fieh., He writes that, "if at jresent
{in tre 1940's) thLe catcnes of sor Iish in Lake Baikal come to
20,000 ceatuers, then for the panme catch intensity the quantity of
causht fisn must be i.creased =lmost two=-fold and amount to about
4C,UC0O centnors, cuus under conditions of intensifieu fishing together
with reclam:.tion meisures and acclimatization of new fish varietics,
tuis fiiure cun be furtaer iacreased almost two-fold." (Vereshcharin,
1937)

iiowever, such prospects for lishing industry uron increcsing
the level are unuestionahbly very nmuch overstated. TI!e greater part
of the flo.ded lowlyiny banks at present are bopsy, covered over by
cl.ose-packed ve.etation, hilloe-s, peat bogs, underbrush, and -atches
of forest, which it is not su.:ested to eliminate. Iuring the first
years followin;: inundation this zoze will not only be weakly nroduce-
cive but of limite: zccess to large i.adustry. <Ibgervations on the
gettlement uf large reservoirs have srown the extreme tardiness of
the proces: of transforming flocded depressions to suificiently
sroductive commercial land, 3But it is most eseential that the
efiect from increuse in the lev-l will be shortelived, since the
incr. ased level can only be temgorary. But in any case, as was
-corcectly noted by G. Yu. Veresuchapgin, increasing the level of
Lai:e Baikal and substantially extenaing the area of the wellwarmed
shoals will play only & .ositive role in the state of lake waters
and in their bioeproductivity.

4@ tura to a discussion of tue conseuences of a decreased
level. In order to clearly underst-nd the iroortance for the life
of Lare Daikul of decreusing its level, it is necessury to refer
cbove ail to tne very veak levelopment in the Baikal snouls, espe-
cially alon; the open rockv shere~, which predominate in Lake Taikal
(cf Luble).

The width of the zero-two, zero=-three m depth zone along
sucn shores usually amounts to only a few tens, and ianfrequently
a few huncdreds, of meters. [Fipures 2 and 3 reprecsent the uvroiile
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of tne bottom of the Littoral zone of the lake, obtalned by means
of aetuiled photography in receunt years, &nd Fipure 1 shows the
mean sloge for tihe Baikal buein. Along the rockr shores the :loie
of the bottow, at Lir:t very iradual, dips down sharcly into the
dece aven ot w dewth of “ed.n, unid almost imrediately inter rades
1110 tae nuative and cuertll. very steep basic inclins of fie late
basia. aAlon, tie .- .wres made u; of looese dejosita the slope of
tie cottom is more =radual,.out still here 230 a sharp di. occurs
at a deptl. of about 3L n. .
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Fig. 2. Profiles of underwater abrasional platforas of Lake
Baiksl (according to N. V. Tyumentsev): 1 - mesn profiles of
undervater slope of a 10-km aection of the weat shore of Lake
Baikalj 2 - characteristic profile of the open slope cver the
same section.
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Fig. 3. Profiles of underwater relie{ of Lake Baikal along

its southeast shore {according to N. P. Lndokhin). LEGEND: a)

2. Toward west from Kalmusnaya River (282-283 km): b) 1. Anosovka-
Kurkavochnaya (261-283 km)j c) 3,fiom Pereyemnaya (285-287 km);

d) 4. Easterly along Polovinka River (290-292 kam).

I the re.iva ot the issue of lurge rivers (Selenga, Up-er
affaTa, Alcoers, Barguzdn, wcd Jurke) sna ia larce siellow baye
tne botio. w#lope is in effect ;radual to x dept: ¢f 1l0«lL m, oiter
which the Lottom also brezks off srarply touurd tie deer.

fron the datu reecentel it follows thut u on decreusis -
tne revel .f Baikal w.ters only by 2= m below the mean uvera ed

W



TABRLE
Area of the Shoals in Lake Baikal (according to N, V. Tyuseatsev)

@ aybuns, u Huoml,}::“;:'gvc")copou
0= 1 21166
- 2 / o0 | 4110 .
-2 I )
4 4 V4 4601 } 19869
i=8 13634
- 5. 83979
8--10 ) 85 500
0-10 149779
1020 77018
0=-20 227697
uomm: a) Depth, m; b) uo’, in hectares (from the Rangatuy
sor).

over many yeare, tae sioal clutform aloag tne rocky shores with its
ecpecially rich eandemic fuuna, serviuc as tiae habitat for numerous
ber.thic fish and e¢s.ecially tae rrayling [rhymallu£7. will disappear
to a lar-e extent. . uere the clusters of Baikal endemic macrophytea
deunsely inhabitin tne_rica tsuna of enuemic crustaceans, turbellaria,
caddisfly /srichostera/, molluaxs, and other native inhabitants of
Baikal, would estecially sufier. Such sigable areas in theae
resions would be ex:oses as revres-nted b the following figsures,
t.e .re-estuary of Selenga (u, to 29,000 hectarea), Kichera and
Up..r Angara (up to »,.00 uectares), Chivirkuyskiy Bay (uv to
144000 hectures), the ..aloye Sea (urs to 5,00C hectares), =tc.

In aduition, it ie well <uo.a that the s.osals represent
tze 'granaries’ of Baixal., In tne zone of (=3 and 0-5 m depth a
lar,e part of tne Luttow ve:etation is concentr:ted, forming a
£o0u scurce for nucerous herbivorous and detraitus-eatin; animals.
The :..uass of t.e zoobenthor rere rauges within the limits of
50C=1000 ky/hectare, anc hirher. <Therefcre, nere almost all the
benthic fisn of Baikal live and thrive. Tue youny of all commere
cial fisc find tneir o¢d and shelter from enemies among the
clusters of macropi:ytes. Tue chastikoviye 4757 fish of older ajses,
migrating airiug the sumker_aloang the_shores, keep to the zone of
«eleseter here. I[ne omul [Salmo oxul/ younsy \m:-iA~ the first months
of lLite, leavia; the s,ewninpy rivers dn aApril -~ fayv to come Lo Lake
Zaikal, eta: in tho warm -art of tne shoalz, in tae inlets, the
bays, the sors [uslina in hazaknstan and Central Aeiu7. etc,

Decreasing t.v area oi these & v 5C and IcCh will loead to
a ghary Jdro ia the survivael ra:e of tue omul young, will worsen
the cou.itious of ouwl Jerarture for rivers during the spawning

e-uson oy makins the :r-=estusry eectiuns .allower, will elirinate
the s, awning grounis of sor fisues, ani will affect tie epawning
ar=as of tuo - itelist.

6
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It is algo iuportant to ncte tihat the =noals ;romote the
heating of the water of neighboring deep~water .arts of the lake.
The wara waters of the shoals due to curreats are syread throughout
the neizhborini: repions, warming up the upper lavere of water and
Eyeading up the develovment of 1life therein, especially plankton
life. ,
" Aecordis; to the roushest caleculations, decreasing the level
of Bainul water by z2ero-five m can lead to such a sharp dro: in its
fish productivity that the industry will lose not less than 50,0C0
centners from the present 100,000-120,000 centnere of eross annual
catch, of which more than half of tie loss will be rerreseated by
such valuable species as the omul, th grayling, and the whitafish,
Even a drop in the lake level of 2-3 m will narm the hydrobdiomis of
Baikal only &« little less, aince the ex.osed ar-a of the littorsl
in this case alsc will awount to not less than 44,000-65,000 hec-
tares and an annual loss to fishing, as we estimate it, of not less
than 30,0CC-40,000 centners of fish.

Sonsiderable damage to the fauna o! Baikal and trhe fishing
industry will resuls even upon reduciag its level bv only O.b=1 m
below the mean figure, since alszo ian this case the area of the
shoals will be decreased by more than 20,00C hectares.

As hae alresdy been =ail, it is assumed that to regulate
the outflow of water from Saiksl into the reservoir system of
Angara-Yenisei Cascace the Baikal level will vary as a funstion of
tre abuadance of rain and the electric power needis., A great dif-
ficulty in determining the conseguences of suca level chanres is
the fact that we cannot precisely predict what the duration of the
relatively stable levels will be and how rapidly rises and descents
in its levels will occur. The Gidroenergoproyekt in predicting its
ievelogments, bases its work on the grarh of naturzl fluctuatiocns
in Baikal water levele during the last sixty years. However, this
gragh gives only the most gerneral picture of the possible periods
and asplitudes of fluctuation. It is moet probable that a shift in
the higk precipitation and low preci, dtation periois will take place
not at all as has been the case during tne last sixty years. In any
case even if the amplitude of such fluctuation amounts to no more’
than 2~3 m, the ahoreline of Baikal will be shifted ulong the lows
lying banks within very broad limits,

with an am:litude of fluctuation of 2 o (457-455 m} the
ghore in the rerion of the Selenga delta will be displaced witkin
1imits of from 1-2 to €~& kme For an asplitude of fluctuation of
3.5 m the width of periodically dry and flooded depressions in
several areas will come to 1018 ko, 8uch displacements in the
shoreline undoubtedly wouuld lead to preat complications in the
ma-agement of the fishing industry, since the shorehauls will be
saifted to less ccnvenient and unsuitsble sections. The perfore
mance of shore-fishing iadustry structurez and ports will be
disorganized.
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With a curtailment in the amount of water and a change ina
the level of Lake Bajikal it can be anticipated that the biocencses
in the littoral shoal sone will always be found in a changing state,
which in 4tsel? will act adversely on their productivity. .

The figures referred to of the possible harm to the fishing
in Lake Baikal were determined on the basis of very selgbtive
fish reserves over the last decade. At the present-day (unmodi-
fied) level of Baikal water these reserves, and comsegquently the
fish hauls, do not mateh the potentials of the lake. It is most
probable that the fish reserves can be increased by at least 30
to 100%, bdoth for omul and for the chastikovyye kinds, that is,

a gross catch of at least up to 200,000 centners anmmually. To
achieve this, a plan of extensive and wholly practicable measures
has been worked out, which measures include the careful preserva~
tion of the spawning period of commercial fish, the setting up eof
preserves for the fry, reclamation of spawning grounds and places
of access to thea, development of massive artificial fish hatebe
eries, the acclimatization of new fish species, otc. However,

i¢ fluctuations of a broad amplitude exist in the lake level, these
measures cannot be realised entirely, due to displacements in the
fishes' spawning areas in the lake and changes in the sites of
growing young. )

With all this material and consideration of consequences,
we believe that in using Baikal for power purposes its level must
pot be lowered below the mihimal natural mark of 455 m, and the
amplitude of fluctuations in lake level, averaged over many years,
eannot exceed 2 m, that is, the figures observed to be the maximme
over the past 60 years.

Baikal As:an cutstundiag: phenémeson: of nature and it must
be protected as a national achievement of the Soviet people. Thus
it will be passed on to future generations. A:y eneroachment om
its integrity for temporary gain would be improper. Neither caa
its fishing riches be neglected, since their value lies not only
in their numbers. Baikal is: in the center of a vigorously risisg
nevw gigantic indusirial mudief our country. The populgtion of
the Pribaykal‘'ye /Baikal rogioj? and the Priangar'ye /Angara rc.iog?
are growing rapidly and are in much need of high-quality fish,
which can easily be brought fresh to the consumer due to the availe
4bility of water routes, and no iasportation of canned fish from
distant seas can displace this mource of high-vitamin content feed.
We believe that iz any desigas made on the use of Baiksl water for
power purposes, the positions presented above must be kept in miad.
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