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Some results of a study of the salwon inhebiting Lake Onega are
set out in- this pamphlet. The materials on vhich the work is based were
collected.in the vears 1959~~1965 when the authgr was studying the spawning
grounds of the salmon in the basin of Lake Onega and was at the same time
making observations on the commercisl stocks. The estimate of lhe
abundance of stocks and of the entire population 1ls based on the state in
1965. Materials and observations of lster years have not been included

in the pamphlet.

This book could uot have appeared but for the great and varied
assistance of very many individuals. The bulk of the work was carried out
in the Karelian Fish Plant (Karelrybvod) and subsequently in the department

of zoology and Darwinism at Petrozavodsk State University.

The author is sincerely indebted to all who assisted him in his

work.

*
Numbers in right margin indicate corresponding pages in original text.
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In Mewory of NS4
 Viktor Viktorovich Azbelev (1905--1968)
and Leonid Pavlovich Kriulin (1941--1967),

students of the Atlantic salmon ,

INTRODUCT ION

The lake form of thé Atlantic salmon’/ﬁglﬂguggﬁgg L. morpha sebago
(Girard)/ is found within the range occupied by the Atlantic salmon (S. salar
Le«) now or in the recent pas# when the migratory paths of.the Atlantic salmon
extended farther into the mainland.
Land-locked forms of the salmon are known to exist in some lakes
in North Americs, Newfoundland, Norway, Sweden and Finland. |
In the USSR the leke salmon is confined to Kdrelia, vhere it in- |
habits Lakes Onega, Ladoga, Sandal, ianis"yarvi, Vygozecro, Segozero, the
Kuito Lakes (Upper, Middle and Lower), Nyukozero and Kamennoye. It is
E possible that very small, but independent stocks will still be discovered in
fwo to four lakes of Central anﬁ Northern Karelia. |
Although the salmon has long been specially fished in the above
lakes, the scale of fishing andAits economic importance have been slight in
most instances. The two largest lakes, Ladoga and Onega, are an exception;
in them the role of thé salmon fishery has been'of more than purely local
significance. 014 fisheries sfatistics show that the salmon catch reached

2500 centnersqin Lake Ladoga 30 years ago and 1000 centners and possibly more

in Lake Onega in the 1890s. The salmon populations in both lakes were

1 Translator's note. One Soviet centner = 100 kg.
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subsoquently'sharply reduced for various reasons, although té diffefing
degrees. It'is rnow only in Lake Cnega that the salmon has retained its
inﬁependent commercial importance, but even in this lake the position of
its stocks is exfremely unfavourable, |

The lake salmon is of great interest bolh economically and from
the point of view of an understanding of its biolog'y7 a feature of which is
extremé adaptability (plastichnost'). This fealurc mekes the salmon an
extremely promising subject in rational lake management. It eﬁables us to
select those stocks which are found to be the most convenient and advantageous.
Nor is the possibility excluded that it may be cultivated in special fish farms /6/
of a type in which the fish are kept in containers; some success has already _ |
been achieved along these 1ines.abroaéc'

In the interests of development of the fish industlry it is essential
that urgenl measures should be taken to increuse the abundance both of the
salmon and of other valuable fishes of this family. Correct management is,
however, impossible without precise knowledge of the biological features of a
fish and of the demand which it makes on environmental conditions.

What is the present level of investigation of the Onega salmon and
to what extent does ouf knowledge of it enable us to solve practical problems?

Isolafed pieces of informetion and references to the salmon are
scattered throughout a large number of sources,Abut the overwhelming majority
are devoted to salmon fishing. The most valuabie and extensive information is
to be found in the writings of K. F. Kessler (1868), N. Ya. Danilevskii (1875)
and in a2 number of the works of N. N. Puéhkarev,and N. I. Kozhin. The
research directed by M. I. Tikhii in connection with the construction of a
hydroelectric power station on the Svir' River has yielded a great deal of

information. In particular, the assumption earlier made by K. F. Kessler
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that the Ladoga and Onega salmon populations are incapable of mixing has
been confirmed by tapgging. )

There have been only two articles specially devoted to the.Onega
salmon: by M. B"Zborovskaya (1935) and by Z. V. Prozorova (1951).  The
last of these authors considered only the salmon of the Shuya River (size,
age, growth and catches from materials for 1988-~19492257 fish). M. B.
Zborovskaya studied the Onega salmon from 1931 and obtained the first material
on age (838 fish), feeding and nutrition (57 fish) and fecundity (18 fish).
On this basis M. B. Zbcerovskaya complled a valuable sumﬁary of information
on the Onega salmon fishery and on the biology of the Onega salmon (1948), in
which she dealt with the population as a whole.

- The investigation of the spawhing rivers and of fhe stocks
associated with them which has been carried out since 1959 has made it possible
to attempt to describe the population in terms of local stocks, to understand
the causes of the profound depression-of salmon stocks and to propose the
first measures which are urgently needed to correct the situation.

Unfortunately, it is impossible as yet to say that the data now at
zur disposal satisfy us, since they are far from édequate even for an
approximate calculation.of the optimum volume and structure of lake salmon
manageﬁent. A number of aspects of the biology of the lake salmon remain to
be clarified; these include such important charécteristics aé the survival
in different stages of development, the assortment of food items consumed,
the return on feeding and also the state of the food resources; the product-
ivity of spawning-growing grounds, the pa%asitological situation and other
aspects without which a quantitative description of the population regime is

impossible.  The fofegoing guestions should therefore be the subject of

further investigation.




Chapter 1

PROCZDURAL JUESTIONS

e

Te Investigation of the Spawning Rivers.

The object of the investigation was to take stéck of the spawning
grounds and to estimate their state and, where possible, their utilization.

There is no generally-accepted procedure for taking stock of
spavning grounds. Data on the fall of a river, on the length of the rapidsg
in it and on mean annual water discharges provide only a general represent-
ation of the river and do not allow its wvalue for the reproduction of the
salmon to be assessed, especially in the absence of reliable information on
‘the size of the stock and on its éistribution in the river.

?or various reasons (unsuitable bottom material, natural snd
artificial obstacles to migration etc.) far from all the rapids in a river
are capable of beiné utilized by salmon for egg laying. As a result of
investigation we éepérate from the total number of rapids the 'spawning"
rapids, or spawning grounds. By a ''spawning ground” we undevstand a rapid
. (or a small bank, the dialect word for which is kareshka, or a shallow) where
salmon spawn (or used to spawn) year after year. The svawning grounds were
subdivided into Yexisting!, ige..used by the saimon at the present time, and
"potential, i.e. which for some reason are not used by the salmon at the
present time but are quite suitable for spawning., Spawning grounds may lose
their importance as a result of pollution of the water and the bottom material,
alteration of the hydrologic regime, silting and becoming overgrown; special

mention has been made of such cases.
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The salmon does not use any part of a spawning rapid for egg laying,
but strictly defined localities distinguished by their microregime. The
salmon frequently excavate their redds at the same points year after year.
There mey, therefore, be fairly permanent areas of redds within a spawning
ground. In most instances it is impossible to estimate the size of the area
occupied by redds owing to the considerable depth and low transparency of our
rivers. What some investigators have in mind when they refer to a '"spawning
ground" is essentially an area containing redds.

Determination of the area over which the young spread out is no less
important than determination of the spawvning area proper. The area in which
growth takes place may include all stretches of rapids (except for vaterfalls),
including stretches unsuitable for spawning which may be entered by the young
salmon as a result of migrations.'

If is desirable for practical reasons to use the concept of a
"spawning-growth area', including in it the entire area of the rapids in which
spawning takes place énd vhich is contihuously inhabited by young. Because
the size of this aréa alters in relation to the amount of water in the river in
the year concerned, its observed size when discharge is minimum should be taken
as its basic size.

The following rivers were examined between 1959 and 1964: Shuya,
Syapsya, Kutizhma (in part), Upper and Lower Lizhma, .

Elgamka, Sordiya, Sheichuga, Syargezhka, Kumsa, Oster, Vichka, Nemina, Pazha,
Pyal'ma, Zhilaya Tambitsa, Tuna, Tuba, Vama, Vodla and a number of trout streams
and brooks. The total length of the stretches investigated is more than

500 km and almost all the rivers were examined twice, at different water levels.

Boats (wooden or rubber) were used to move along the large rivers; small

/&
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rivers vere investigated on foot.  The record which vas made of the number
and size of spawning prounds gave an idea of the effect of logging, un-
controlled removal and alteration of the regime of the rivers on the re-
vroduction of the salnone In addition, observations were made on spavning

and on salmon redds in the Syapsya,Lower Lizhma, Tuba and Vama Rivers.

1T, Collection of Materials on the Structure ol thne Stocks and

Determination of the Age of the Salmon.

Sampnling to determine the structure of the stocks. Since it was

assumed that the composition of the stocks was not the same at different
periods of the spawning run, samples for determination of the structure of the
stocks vere taken throughout the entire run. ALl the Tish in emall catches
wvere measured as a rule.  If the catch exceeded 50 fish, the propertion of the
cétch which cpnstituted the sample has been noted. The s;mpleq were fully
representative; they were from 25 to 86 % of thé total catche An adequately
complete picture of the sﬁructure of the stocks is therefore arrived at by
simple addition of the mean sampies. furthermore, since the rate of removal
is considerably in excess of 50 % in the Shuya and the Pyal'ma, and around
this figure in the Vodla, the samples characterize the structure of the stocks
quite adequately in all instances.

| The sex of the migratory salmon was determined by the external
appearanﬁe; the correctness of the determination waé, as a rule, confirmed by
the control dissections which were sometimes carried out. It is impossible to
determine the sex of a salmon during the feeding period by appearance since
sexual dimorphism is not so clearly expressed as it is in the migrating fish.
1f dissect;on was impossible, the sex was not recorded.

The material collected for determination of the structure ol the

P A SO A RPN 15 AN TG L i v




stocks between 1958 énd 1965 totalled 54S6 fish, of which 4666 were collected
personally by the author or with his participation and 830 were kindly supplied
by Karelrybvéd. The material on the salmon duvring the feeding period was
small in quantity (200 fish).  The eiplanation for this is the banning of

Ngarva' fishing since 1958; this salmon is not often found in catches of other

fishes.

1

the upper horizons of the water.

Special consideration should be given to the determination of age.
For comparable results to be obtained it was essential that all investigato;s
‘should adhere to a standard proceﬁure. Unfortunately, this does not in-
variably haﬁpen in work with the salmon.

The "stumbling blocks" to determination of the age of the salmon are
the "transitional" zones 1ying between the river zones and the feeding zones,
the spavmihg marks and also the areas of damage ("epitheliomatous erosion')
caused by some discase of the epithelium, which are extremely similar to
'spawniﬁg marks.

Transitional Zone. Elucidation of the time at which and the

conditions under which the "transitional" ring (or "{ransitional gro.wth gone)
forms is of great importance for.its correct interpretation and, consequentl&,
for correct determination of the age of the salmon.

Some authors count the transitional ring as a year of the river
period (Zborovskaya, 1948, p. 130), others count it as a year of ihe feeding

(marine) period (Kuchina, 1939; Svetovidova, 1941), while yet others do not

The "garva" is a large-mesh net used in Lake Onega to catch feeding salmon in

/Y
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regard the transitiozal ring ac an amulus and include it in the first year

of the feeding period (Yankovskaya, 1958; Mel'nikova, 1959; Birman, 1960;

Inyutina, 196é; Bilton and Ricker, 1965). The comparison of age character-
istics is thereby cowmplicated.

The fact that a "transitional riﬁg“ is to be found both in the
marine and in fhe lake‘salmOﬂ removes the basis for the assumption of some
authors CKuchiﬁa7 1939; Svetovidova, 1941) that the formation of a
"transitional ring is due either to an aiteration of salinity or to
retention of the salmon in seni-freshened marts of the sea.

L. A. Yankovskayg (1958) relates the formation of the "transitionall
ring to the time of dovmstream migration of the smolts. Were this to t
the vercentage of Tish with transitional rings should be lower in stocks with a
shorter downstream migratory peth, but this is not. found in the rivers of Lake
Cnegéae

The different frequency of fish with '"transitional" rings and
differeﬁces in the structure of these rings in salmon of the different stocks
of Lake Onega justify the assumption that there is a connection between the
formation of the "transitional" ring and the feeding‘conditionS‘ﬁﬁiéh the smolts
encounter after downstream migration. This view is confirmed by the elegant»
éxperiments on the rainbow trout conducted by Bhatia (1932), who demonstrated
that scale structufe precisely ceflects alterations in the availability of food.
All kinds of rings, including "“transitional® ringé, were obtained in these
experiments in relation to feeding. Bilton and Ricker (1965) used tagging to
demonstrate that the supernumerary ring of a pink salmon is not an annulus.

The same point of view is held concerning the Atlantic salmon by L. A,

Yankovskaya (1953) and M. N. Mel'nikova (1959).
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The féw sclerites (2-~4) of spring growth which form in a small /10/
' proportion of the smolis while still in the riyef, before the time of down-
stream migration to the lake, may in eséence also be included in the trans-
itional zone. According to our materials, the vast majority of downstream
migrants dp not have springtime river growth. This is in agrcement with the
conélusions_of ho Re. Mitans (1965; for the Salatsa River in Latvia).
In determination of the age of the Onega.salmon, ve included the
transitional zones and spring groyth of downstream migrents in the first year ‘
of the feeding period. Even although M. B. Zbdrovskaya regarded the
transitional zone as a year of river life, her materials are quite suitable ‘ ;
for comparative use. The point is that the percentage ofAfish with
transitional zones in the salmon stock of the Shuya River, for which M. B. i
Zborovsksya collected the greatést amount of material, dis very small, no more l
. than 16 %, and consequently the error will be slight. This remark should be \
borne in mind in the analysis of the annuél variations of population structure
given in secticn VII of chapter 3.

. \ . . . oyl
Svavming marks (Russian terms: nerestovye metki, otmetki, znaki) ',

svhich are, in the first instance, a reflexion of the fishing rate (and

possibly, also, of the special features of the rivers), are €ncouuntered with

widely varying frequency in different years, from 50 % to 5 % or less. Some
S . g q J J 1

Spawning marks are areas of damage to scales caused by the modification of
metabolism connected with preparation of the fish for spawning.

authdrs, including %. V. Prozorova(1951), do not consider the age of fish which
have spavnming marks, but merely refer to their‘peréentage in the catch. The

‘ reason for this is the lack of any precise understanding as to the period of o
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time to which a spawning mark corresponds, i.de ﬁy how much the rumber of
'eérs must be increased after the annual zones have been counted. liowever,
by refusing to consider the ase of fish which hgve spawned previously we
deprive ourselves of the possibility of estimsting the abundance of spawning
stocks in past years and the cxtent to which these stocks were fished,

The lake salmon, viiich enters the river with a completed annual zone
(additioné are extremely rare L), passes 6--12 months in it since & po coportion
of thé "val'chiki”amigrate downstream immediately after spawning, snd the

=G e

remainder in the following spring, in the begirning of May ~- bepgirning of June.

Vallchiki are spavmed salnon leaving the river.

In any case the val'chiki cannot begin to feed intensively untlt May when the
smelt aprroaches the river mouths. A fish needs to spend at least a year
(12--16 monthvs), and sometimes 2.years in fhe lake for restoration of its weight
(the.Weight loss reaches 40 %) and development of the gonads. When salmon were

tagged in Cross Take (Maine, USA) it was found that the lake Salmon sravned in

the next year but one and only emceptionally in the year after spawning

£

(Warner, 1962). The SDPwnlng merk should therefore be regarded as equal to one
year for the lake salmon which does not have a hiemal autumn form. This is

confirmed by the results of the tagging of val'chiki in Lake Ladoga (Tikhii, /1Y

ﬁ931c; Pravdin, 1948b). T. I. Privol'nev (1933) takes the spavning mark to

be 2 years in the autumn Atlantic salmon, and we should evidently agree with
this.
Scales with spawning marks should be examined very closely since

erosion frequently covers several peripheral annual zones, especislly in males.




The age may be understated if the last zoﬁes are not noted. To avoid this,
sgales must be taken in two places: firstly, ;s is normal, below the dorsal
fin where the scales become submerged in the skin in the post-spawning
condition (”loshanis”)qand are heavily eroded, with the result that the spawn-
ing marks ére excellently apparent on them; but the peripheral annual zones are
frequently hoverlooked”; secondly, from around the pelvic fin where the scales

are not submerged and spawning marks are weakly expressed on them or may even be

completely absenty but all the zones are preserved. Such material was

q .

I The Russian word loshanie (from "lokh', a male in spawning colours), here
translated as post-spawning condition, is connected with the alieration in the
colour and external appearance of the salmon in connection with the preparation
for spawning. :

collected from 11960, since the defects of the former nethod were already
apparent in the first year of the operations.

Pectoral-fin rays and ctoliths were also taken to check that the
zones had been correctly counted in fish with spawning marks, but the amount
of material involved was small, since salmon aré not prepared at thé fishing
places.

"Epitheliomatous erosion'' is a term used provisionally to designate

\

destruction of the scales caused by some disease of the epithelium, the nature

"of which has not been estgblished. This disease has not previously been

recorded for Lake Onega. In the opinion of 0. N. Bauer, who examined a
diséased fish sent by the author, the condition is Mepithelioma, i.e. a viral
disease. To judge by the description, M. I. Vladimirskaya (1957) encountered
the same disease in the Pechora, but only in dwarf males, and also called it

epithelioma. Calderwood (1906) and Menzies (1931) refer to ''white spot

e
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disease’ found among salmon in the rivers on the western cozst of the Dritish
Isles (Scotland). This disease is seen in fish inhabiting small rivers in a
hof summer; the salmon are covered by white spots, but when the river floods
they are cleansed. None of the authors cited refers to the effect of this
disease on the scales.

Some of the foregoing information is in qgreement with our
observafionsn Trmature parrs are subject to the disease as well as dwarf
males. Infected fingeclings (up to 20 % in the catch) are encoﬁntered in
August and September. They later disappear somevhere and it may be that they
are in fact curcd in connexion with the autumn flood or the drop in temperature.
The disease was not noticed to cause the death of a fish or to occasion severe
suffering. Lven tose fingerliﬁgs in thch up to a half of the body surface was
affected were asble to maintain themselves in a fast current, were active and took
the bait well. Infected dwari males are found around the redds togetirer with
healfhy fish, The disease was not noted in smolis or in silvery parr and it was,

in general, not encountered in the first half of the summer.

Several adult fish were recorded with white spots on the head and body.

N

These fish were caught in the Pyal'ma River or nesr its mouth in August and
September.  Although wé did not find infected immature fish feeding in the lake,
they uﬁdoubtedly exist, as is convincingly shown by an analysis of the scales.
The poin% is that there is no stock of the Onegé salmon including tish which
mature after one year of life in the lake, like %he grilse of the Atlantic
salmon or the Ladoga grilse ("sinyushka'). This is confirmedlby.observations
covering many years, by‘fencing_off_in tﬁe Pyal'ma and by catching in the
spavwning grounds. .The earliest time of maturation is after 4 years in the lake,
but usually after 5--6 years. However, ''spawning macks" are found on scme fish

after 1, 2 or 3 years in the lake but not on all scales even around the dorsal
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fin. All that can be assumed in such instances is that we ére once again
confronted with epithelioma. It is curious that such fish are very rare in
the stock of tﬁe Shuya, but usual and even plentiful in the stocks of the
Pral'ma and the Vodla. Iif the disease is in some way connected with.feeding
conditions, the unequal frequency of sick and recovered fish (with traces on
the scales) in the different stocks may indicate that feeding takes place in
different regions of the lake. A. M. Gulyaeva (1966) notes that a disease of
the vendace which affected the epithelium and the scales was pre&alent in the
northeastern part of Lake Orega between 1961 and 1965; she suggests that this
discase was "wnitefish pestilénce'.  However, may it not hgve been comnected
with the discase of the feeding salmon, which is in constant contact with the
vendace, all the more so because the déSCription of the external stigmata of the
disease is very similar to that of "epithelioma'

The disease observed by us both in'fingerling§ and in advlt salmon
was expressed in the formation of slight whitish swellings accompanied by
petechial haemorrhages on the body of the fish. | Such "white spots' are most
. often scattered above the lateral line and sometimes merge fogether éﬁd cover up
%o half the surface of the body, not excluding the fins. The scales within the
"spots" become ragged and are eroded, sometimes almost entirely. In adult fish
considérable portions of the body are sometimes covered by patches of very small

(1-~2 mm long),abnormally located scales which aﬁparently grow where the scales

have been completely eroded. Were the erosion of a scale to be partial, a
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false spawning mark would form on it after the fish recovered and it would not
always be possible to distinguish it from a true spawning mark. In general,
however, the difference between a spawning mark and epitheliomatous erosion is

very considerable. Epitheliomatous erosion may be found on the same fish in /13/
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different annuzl zonés, lor exrmple two years in s
evidently no develorment of irwunity. .

The correct identification of‘”epitheliomatous erosion’ is of
great importance. . Jts confusion with spavning marks will lead to over-
statement of the proportion of the carry~over in the stock and this will
distoft calculations of the size of spawning stocks and of the rate of
renovals.

The taking of scales jn.ﬁwo places; around the dorsal and pelvic

fins, reduces the probability of ervor.

ITI. Ctservations on Youneg Fish. Togging.

Young salmon were observed in the Shuye, Syspsya, Upper and Lower

Lighuwa, Elgamke, Kumsa, Nenmina, Pazha, Pyal'ma, Tambitsa, Tuba and Vodla Riverse.

All ages were represented in the collections, from the time of completion of
morphogenesis (as defined by MNikiforov, 195%., from the foﬁrth stage) to smolts
from the leke. These materials are in covrse of processing.

Observation of the distribution of young in the rivers and the
results of test fishing (by a small trap net for fingerlings, by hand net qnd by

rod and line) made it possible to estimate the population density of the parr

in some instances.

. Tagging has been begun in the Pyal'ma and Tuba Rivers to study move-

ments,; behaviour and survival. Smolts, silvery parr and parr, including dwarf

nales, and grayling fingérlings and adult dace have been tagged.. The .tag used
was an individual celluloid tag 0.5 mm thick and 4 x 11 mm in size described by
B. Carlin (1955). The tag has a wire and an end piece of nickelechrome wire

0e15 mm in diameter.  The end piece was inserted into the body by means of two

needles of the type used for subcutaneous injection fastened together. The tag
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wvas attached beneath the dorsal fin encircling thé basal bones. In some of
: thé fish only the adipose fin was clipped (in the Tuba River). The smallest
size of the tagged fish (ad) was 4 cm.
To lessen the damage to the fish they were tagged under anaésthetice.
The anaesthetic used was the imported product chinoldin recommended to the
author by L. A. Petrenko, a scientific officer of the State Research Institute
for Lake énd River Fisheries (GGSMIORKh) (Leningrad). The preparation was added
to the water imﬁediately before tagging. The optimum concentration is
approximately 1 : 100 000; at this concehtration the fishis anaesthetized for
1--2 min at a vater temperature of 10--20°C. When a lesser dose is used the
narcosis is shallow and the fish struggles and is injured. AA.dose 3 to 4 times
larger leads to the death of the fishe Fish should not be kept in the solution
for more than 5 min. After tagging the fish were placed in pure water where
they reco&ered within 5 to 15 min and adopted a normal position. The fish were !
then kept for up to 2 days in ruﬁning—watef containers, after which they were
released into the river; this period may be reduced to one hour. Some fish VAlY
were kept in the containers for up to two weeks for observation of the healing -
of the wounds, after which they were released.
Subsequent observations on the behaviour of tﬁe tagged fishes have
shown that the parr and the young grayling remained within a rgdius of up to
50 m from the point of release for a month (September). This is in agreemeﬁt
with the observations of other authors ﬂVladimirékaya, 1957; Saunders and
Gee, 1964) in which tagging was used. VWhen fish were ¥ecaught the tags had
kept their position well and the wounds from the punctures had healed.
The use of an anaesthetic makes it possible to. obtain material on
the size and age.composition of the young in addition to tagging. Scales are

removed with necdles. Weight is determined from the amount of water displaced
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in ooneasuring cyliander. The wastage in catching and tagging was 2 §.

The method may be used under expedition conditions and in work at stations

on riverse.




THE SPAVRING RIVERS CF THE BASIN OF LAXE ONEGA: COMPARATIVE

RN

LDESCRIPTION, STATE AND REPRODUCTIVE VALUE

T A List of the Sw»awning Rivers.

We know for certain that the following vivers are utilized (ox haye
been utilized) by the Onega salmon for breeding:

Lososinka, |
Shuya (to Lake Salon-yarvi), its tributaries the Syapsya and the
Malaya Suna,
Suna (to the Kivach ¥alls), its tributaries the Sandalka and the 1
Tivdiika,

‘ ' Lizhma, its parts the‘Upper, Mic_?.dle and Lower Lizhma and its
tributary the Elganka,
Unitsa,
Kunsa,
Povenchanka,
Nemina, its tributary the Pazha,
Pyaltma, its tributaries the Zhilaya Tambitsa and the Tuna,
Tuba,
Vodla, its source the Vama and its tributary the Koioda,
Andoma, its tributary the Samina,
Vytegra,

Megra,.

. Vodlitsa.
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In addition to these 15 rivers with their 12 tributaries, according
to N. N. Pushkarev (1900a), the salmon previousiy entered a further 7 rivers:

the Shoksha, the Tambitsa (around Tambits-Nos) and all the rivers of any size

between the Pyal'ma and Orov Bay, i.e. the Arzhema, Vozritsa, Nelyuksa,

Issel'ga (Tambitsa) and Filippa Rivers.

The salmon disappeared from these

rivers at the end of the last century, but the trout continued

they remain trout rivers down to the present.

The transition

to entexr them;

of rivers from
the category of salmon rivers to that of trout rivers has been noted for the
basin of Lake Ladoga by D. K. Khalturin (1966)."

According to unverified information, the salmon now enters =he

Syargezhka (a tributary of the Lizhma) and the Somba (a tributary cf the Vodla).
Tn 1963 and 1964 there were isolated iﬁs&ances of salnon being caught in the
Ragnuksa (a tributary of the Vodla) and in the Chernaya stream (around Besov Nos
/Cape Besov/), where it had previously never been caught; this was evidenlly an
instance of straying.

M. B. Zborovskaya (1648) included the.Oshta among the rivers which

the salmon may possibly enter.

established.

Whether or not this is so has not aé yet been
Nor is it known whether the malmon previously entered the
tributgries of Vodlozeré ~-- the Ileksa, the Kelka and the Okhtomreka. M. B.
Zborovskaya (1948) considers that it did enter these tributaries, but B. S.
Lukash (1939), to whom she refers, does not staté anything definite on the
matter but refers to these rivers as spavning groﬁnds of the whitefish, the
bream and the dace and notes that the spawning grounds of the salmon are in the
Vama, and that in Vodlozero the salmon is-occasionally taken in the lakhta
(near the source of the Vama) and in the middle part of the lake. There are

still rare instances of the catching of salmon in Vodlozero (2 fish in 1962 and

/16/
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3 in 1963), when the salmon succeeds in négotiating the Vama dam when the
bgckwater is relatively low. However, all thé catches of the salmon relate
to the southern or middle part of the lake and there are no known instances of
salmon being caught in the three tributaries mentioned. |

The Irsta, a tributary of the Shuya, is a river which the salmon
may possiblj have entered, but since the construction of a hydroelectric power
station near the settlement of Ignoilo this river has, like the upper reaches
of the Shuya, become inaccessible.to ite

If, therefore, we disregard the last 9 rivers, for which there is
no verified information, the salmon has bred in only 34 rivers, inciuding

tributaries. It is these rivers which will be considered subsequently.

1T, Physioprachic Descrivtion of the Spawning Rivers

It is appropriate at this point to give a general description of the
rivers, without entering into detailed descriptions of each of them.

Structural features. The drainage system of Kerelia is distinctive

. by virtue of topographic features and the youth of the system itself. The

territory is one of quite rugged topography and intricate structure. The main
features of its present~day appearance wvere formed under the influence of three
main relief-forming factors: tectonic movements, denudation and glaciation
(glacial exaration and acéumulation, glaciofluvial accretion}. The surface of
Karelia is covered by a mantle of Quaternary deposits, interrupted in places by
exposures of the underlying bedrock. The deposits are thickest in areas where
there are glacial and glaciofluvial accretional forms and in major depressionsg

in the surface of the pre-Quaternary rocks (Biske., 1959).

Many of the rivers, especially the small ones, are practically like
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mountain streams. They have large gracdients (average fall from 0,001 to

0.007), a stony, little-eroded bed, as a result of which there are numerocus
. . .1 . .

waterfalls, rgpids, kareshki and shallows, alternating with pools and at

times with lake-like widenings and true lakes. The rivers of Karelia are

Kareshki are small gentle rapidse.

essentially not rivers in.the strict sense, but lake-river systems consisting
of alternzting lakes and river reaches.

The rapids which aam the pools and lakes are found in places vhere /1
crystalline rocks butcrop in the river bed or in those places where the river
cuts its way through a wmoraine or glaoibfluvial deposits céntaining boulders.
In the latter case the formation of rapids consisting of an accumulabion of
voulders has been due to the work of the river which has carried away the fine-
grained material and left benind the' larger sizg categories.

The valleys of most of the rivers are faults and fissures in the
crystalline rocks. For éxample, the narrow valley of the Kumsa River (reach-
ing a width of 300 m in the region of Kol'ozeroj is a tectonic depression; it
hes high, steep slopes consisting of crystalline rocks. In those places where

the river cuts through a body of Quaternary deposits the valley is more developed.

v

On the whole the river valleys are distinguished by features found in young

‘valleys: the longitudinal and transverse profiles have not been elaborated.

In some instances the transverse profile is V-shaped or trapezoidal, but the
valley is not invariably expressed throughout the length of the river. Cyclic
terraces developed throughout the length of the river are as a rule absent

(Karandeeva, 1957).
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Terraces are found in those parts of the valleys where the rivers
flow through unconsolidated deposits subjected to greater erosion than the
bedrock. They are clearly expressed in the lower reaches of the rivers owing
to the lowering of the base level of erosion. Terraces are to be seen along
the Suna, Shuya, Vodla,; Nemina, Samina and Lososinka Rivers; in the TLososinka
there are terraces within the town of Petrozavodsk.

The floodplain of the rivers is a relatively narrow, interrupted area
of bog or meadow. Tis surface may be level or hummocked. The floodplain is
frequently overgrown with shrubs or forest.

Bogs and lakes occupy a considerable area in the river basins. The
ratios of lake surface and bog area to drainage area stand in inverse proportion
(Gritsevskaya, 1964).

Water regime. The vater regime of the rivers may have a decisive

infinence on the reproduction of the salmon. Rivers Qith'higher and more stable
levels in the summer and winter low-water periods are of greater value, since the
size of .the feeding grounds and the preservation of the eggs in the redds during
the winter are dependent on the stability of level.

A. V. Shnitﬁikov (1962) arrived at the following conclusions in an
analysis of the variability of general moisture conditions in the Neva basin, to
vhich the basin of Lake Onega belongs.

1« There is a wellwexpressed intrasecular cyclicity of geperal
moisture conditions corresponding to the long«tefm regime of atmospheric
precipitation; over the period from 1850 to 1960 there were four phases of
reduced moisture and four phases of increased moisturej the duration of the
cycle is between 27 and 31 yhars.

2. The intrasecular variability of general moisture conditfons

occurs against a background of suprasecular variability; over the secular

/18/
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period the total moisture clearly tends té reduce.,

5.+ In the secular regime of total moisture the effect of man's
economic activity is increasingly manifested és time passes.

These extremely interesting and important conclusions should
certainly be borne  in mind when analyzing the causes for fluctuations in the
abundance of the salmon.

The rivers are fed from a combination of sources: snow, rain and

groundwater. A. N. Malyavkin (1962) has estimated that groundwater accounts

for between 10 and 25 % of the mean long-term discharge.

The elements which are distinguished in the annual variaticn of the

water level of the rivers aré the spring flbod (peak in May), a short summer
low-water period, a rise, usually of short duration, in the autumn (due to
rain) and a winter low-water period with levels falling gradually fto April.
Levels are usually lowest at the end of March and in the first half of April.
Groundwater feeding plays a large role in the formation of discharge in the
winter low-water period.

The lakes incofporated in the river systems strongly regulate
(smooth) the annual variation of level and discharge. The size of the
maximgm and minimum discharges and of the specific rates of flow is dependent

.

on the ratio of lake surface to drainage area. As the percentage of lake

)

surface increases the maximum specific rates of flow are reduced and the

minimum rates are increased. The most regulated rivers with a lake surface

of more thgn 20 % have an annual graph of the fluctuation of discharges which
is reminiscent in its smoothness of graphs of the variation of lake level

(Malyavkin, 1947).

The regulating effect of lakes is debendent on their position in the

basin; the closer a lake is to the line of river flow, the greater is its

influence. The factors other than the ratio of lake surface to drainage area
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which affect seasonal fluctuations of discharges are the size of the catch-
ment (the.flood is evened out when the catchmeht is larger), the area of bogs
to the drainage area (its effect is similar to the effect of lakes, but to a
lesser degree) and the afforestation.

The distribution of discherge over the course of the year has been
affected by wholesale felling of forests in the basins of some small rivers
with.aAlow ratio of lake surface to drainage area. Such rivers as the Vilga,
the Upper Lizhwa, the Elgamka and the Zhilays Tambitsa have begﬁn to freeze in
the winter, which is something which, in the wofds of o0ld inhabitants, did not
havpen previously. This is apparently connected with altpration of the regime
of bottom feeding as a result of the reduction of the forests.

In addition to their role in‘the regulation of the water regime of
the rivers, the lakes are receivers of groundwater feeding. The proportion of
groundwater in the balance of a river is proportional to the area of the lakes,
since groundwater under pressure enters deep lake basins which frequently lie
below sea level.  This is well manifested in the minimum specific rates of flow
in the winter.

A. N. Malyavkin (1962, 1965) has estdblished & relationship between
the degree of lake regﬁlation (the ratio of lake surface to drainage area) and
the amount of the minimum discharge.

1. Rivers with slight lake regulationn Ratio 'of lake surface to

.drainage area O--3 %. Minimum specific rates of flow 1--2 litres/sec/kma.

2e Rivers with intermediate lake regulation. Ratio of lake
surface to drainage area 4--8 %. Miniﬁum specific rates of flow 2~-2.5
litrea/sec/kmz.

3 Rivers with medium lake regulation. Ratio of lake surface
to drainasge area 9--15 %. Minimum specific rates of flow 2.5--3 litres/sec/

/kme,

/19
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L, Highly-regulated rivers. ° Ratio of lake surface to drainage
o, 16-~Bh < A spnecific rat FOPlol FewnT G 4 e e
area 10-~3%4 5. Minimum specific rates of flob 3--3.5 litres/sec/km .

The variation of winter levels, which is largely dependent on
groundwater and bottom feeding may in scme instances have a decisive influence
on the reproduction of salmonids. The freezing of the rapids when water
level falls, which occurs in small rivers and in part alse in large ones

1

(the Vama and the Suna, mainly owing to the regulation of discharge) undoubt-

edly causes egg mortallty.

CoE

Ice resine and therral regire. The Petrozavodsk Obzervalory of

the Meteorological Cffice has been studying the ice regime of rivers for the
last few years (Ustinov, 1984, 1966a, 1966b; Gromov and Ustinov, 1965).
Nevertheless, there is still no elarity on many points which are very imgortant

-

for a study of the conditions of reproduction of the salmon, in 2s rmuch as these

have reuained ot e purview of the investigatorso'. It should be noled
that it is very difficull to set up direct observations on the effcct of the

ice regime on fTishes and what is said on some péints can only be tentative.
Thus, in our opinion, frazil ice ' and sludge may be a cause of-%be death of
spavmed salmon. The oral cavity and gills of dead fish have been found to be
clogged with ice which evidently interfered with respiration.

Bottom ice may sometimes cover the whole area of rapids in a

continuous layer, the thickness of which ranges from 5-~10 ¢m (Vama River,

.October %C-~November 2, 1963) to 0.5~-1.0 m.  Such covering of the bottom

undoubtedly causes "“clogging' of the redds and, in consequence, a heavy
reduction and yossibly cessation of the flow and filtration of water through the
redds, i.e. a deterioration of oxygen supply. It has not been possible to

establish how long bottom ice may remain (for a short period or until the spring),




‘repeated observations of instances of the destruction not only of individual
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end it is therefore difficult to cstimote the degree of the influence of
this factor. When the bottom ice floais up to the surface of the water it
cérries with it bottom material, including large stonesjy this may cause
destruction of the redds and egg mortality. Bottom ice is also troublesone
in the artificial propagation of fishes (Novikov, 193%2).

Plugs formed by the accumulaltion of sludgc, ascending bottom ice
and finely broken-up floes in the stream are no less important factor.
Plugs in rapids may block off the whole cross-section of the stfeam for
tundreds of metres and even kilometres; in such localities the water flows /20/
sbove the ice and bursts the banks. lHere, as in the case ol bottom ice, iflow
through the redds should be strongly reduced. It is not known what happens to
fish which do not succeed in quitting the rapids, but it must be thought that
their chances of survival are very low. In the winter of 1965--1966 there
were very strong plugs on the Vama River, which burst its banks and flowed into
the forest. In the spring of 1966 the Vodlozero Collective Farm attempted to
catch fish in the river, but without success. The fishermen themselves
consider that the harsh winter and the plugs were the cause of the £eduction
in the quentity of fish in the Vama. In 1966 a reduction in the quantity of
indigenous fishes was noted for the whole of the Shuya River below Lake Vagat.

V. V. Azbelev and B. I. Shuster (1965) consider that the survival of

1

eggs in redds is wholly aependent on the winter regime and they refer to

Atlantic salmon redds, but also of entire spawning grounds a s o result of plugs.
Frazil ice forms every year in the rivers of Kareliaj the plugs
were strongest in 1949-~1950, 1954--1955, 1962--1963 and 1965--1966.

Icing usually begins in the rivers of the basin of Lake Onega in the
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second half of October and the beginning of Hovember: bank ice in pools and
frazil ice oand sludge in rapids. The auvtumn ice run occurs in November.
Permanent.icé is usually cobserved in pools no earlier tﬁan the second half of
Ilovermher; by.the end of the winter its thickness reaches 7OV_cm° The ice is
thin and unstable in rapids. waterfalls and the largest rapids do not freeze
over and are centres of the formation of frazil ice since the excellent
mixing and supercooling of water masses essential for this occur-in them.

The rapids become ice free earlier than the pools, sometimes by as early as
warch or the beginning of Avwril. An ice run does not occur in all rivers;

the ice frequently melts in situ in small rivers. viithin two to three weeks of
the river ice run the lakes connected to the rivers are opened and leke ice is-
carried into the river. There arce no obsefvations on the effect of the ice

run on fishes. The rivers are completely freed of ice in the second half of
Aoril or the beginning of May, with the middle of May as a late meriod.

The temperature regime of tﬁe rivers.is dependent not only on air
temperature, but also on.the hydrographic features of the basin and on the
nature of the catchment. Rivers which have a marshy~catchment are cooled
faster in the autumn than those which include lakes. Rivers which flow from
large lakes are more slowly cooled owing to the reserve of heat accumulated

'dﬁring the summer heating; the greater is the volume of the water mass of the
lakes, the farther downstream does their influence extend. It is this factor
which is responsible for the differences in the time of spawning of thelsalmon
in different rivers of the Lake Onega basin (end of September--beginning of
October in the Pyal'ma and the Tuba, middle--end of October in the Vama and the
Shuya, sometimes extending to the beginning of November). Water -temperature

is measured in tenths of a degree or is around zero from November (December)

until April. Following the supercooling of the water in rapids the temper-
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ature becomes negative. This may evidently affect the embryonic development

of the salmon and lower the survival rate of the eggs in the redds since the
. , . . .0, .

optimum development temperature lies in the range 2-~5C and fluctuations of

) . o . o i C o
temperatures to above 8°C and below O C are impermissible at critical periods

(Vernidub, 1950, 1961, 1964; DMonich, 19%5), at all events the temperature

should not be below ~0.5°C (Lozmina-Lozinskii and Lyubitskaya, 1940).

Acdmittedly, temperature was not measured in the redds, but it would
appear to be slightly higher than in the river, possibly as a result of supply
of heat from the bottom or as a result of spring water#, although this is in
need of verification. The ;auses of the extremely high mortality of salimon eggs
in the redds during incubation (on average 91.9 %, Nikiforov, 195%a, 1959b) have
not been established. In our opinion,Athese causes might be supercooling of the
vater and the ice phenowmena to which reference has been made above.

The upper temperature limit is no less important. According to
N. D. Nikiforov (1959b), growth of young salmon in the swmmer tekes place when
temperature is not in excess of 25°C.  McGrimmon (1954) has established that.
. the heating of water to 2500 does not reveal a noticeaﬁle effect on survival
rate, but that a temperature of 28.500 is lethél for young Atlantic salmon of
all ages. According to the observations of M. I. Vladimirskaya (1957), salmon
in the Pechora in July 1954, when water temperature reached 22.4--2l.2°C,
behaved‘in an agitated mahner and swam to streams in which éhe water was colder,
Dying adult salmon which had no damage on the body were found at this time.
Young Atlantic salmon move to places where the current is faster in the middle

of the summer. According to the observations of N. V. Evropeitsevav(l950),

young salmon in ponds were depressed =2t 2500 and attempted to keep to places

where there was greater flow.

M. N. Lishev and E. Ya. Rimsh (1961) established that the abundance
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of the salmon wés conditioned by the conditions of its existence during the
first year of life, to the underyearling stage. - Strong and average year-
classes formed in years when the summer air temperature (from May through
September) did not exceed 90--95 % of the period mean and vhen spriné«summer
discharge was at least 110 % of the usual (norm). ~ The absolute index of

the norm was 1h9606; a correlation was established between yield and temper-
ature in 75--55 % of cases.

In the rivers of the basin of Lake Onegs water température is
highest in July and mey reach a level at which the salmon become depressed.
Thus, at the outflow of the Middle Lizhma from Lizhmozero a temperature of -
25.7°C was recorded on July 31, 1938, while the mean maximum temperature (over
17 years) from this point was QZuBOCa' - A temverature of 23.,0°C was recorded
in the Kumsa near the mouth on July 10--11, 1954; the mean maximum over 11
years was 21.1°C. A meximum of 24.5°C was recorded for the Vodla and 2k.0°C
for the Shuyae.

Vater quality. The water of rivers in the basin of Lake Onepa

belongs to the hydrocarbonate classe. Such water is cheracterized by extreme-
1y slight mineralization, an increased contentvof coloured humic acids and by
virtue of this a weakly acid reaction. The last two circumstances arc caused
by the considerable frequency of bogs, the overall area of which is approximate-
ly %0 % of the total area of Karélia (Lepin, 1957). Bogs and lakes have an
.opposite effect on the colour index and aciditonf the water.

The Kareliaﬁ rivers are characterized by extremely slight sediment
discharge, which is explained by the reéistancg to erosion of the rocks forming
the bed. ~ Because of this the rivers have trgnsparent water and the trans-
portation and deposition- of alluvium are slight. The reduction of the forests

“has not apparently affected the sediment discharge, since instances of soil
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erosion have not been recorded in the former areas of forest;

The turbidity of the river water may be strongly increased in
some instanceé by shallow "feeder! lakes or lakes with through flow. This
happens when such lakes are subjected to strong wind mixing as a resullt of
.which silt and clay psarticles are stirred up and carried in suspension into
the riverf An effect of this kird is tc be noted in a number of rivers:
in the Shuya below Lake Vagat, in the Vama issuing from the Vavdepol'skaya arm
of Vodlozero, in the Tuba flowing through Lake Egozero. The siit carried into
the river settles in part in thes spawning grounds in close proximity to the
outflow and this may possibly lead to a deterioration of the incubation regime
(observations on the Shuya and the Vama in the second and third decades of
October, i.e. nearer the end of spaWniﬁg)e The suspended metter settles mainly

in the pools and the water clears. This is largely facilitated in the Tuba by

o]

the dense reed beds in the shallows of the river, which function so efficiently
as a filter that transparency increased from Ooli--0.5 m to 1.0 m in the course
of 4,5 km below Lake Egozero, and at the mouth (9 km below Egozero) the bottom
could be seen at a depth of down to 1.2 m (obser&ations in August 1963).

) nggzggiggo The development of agquatic vegetation in rivers is
dependent on a combinatibn of different factors -- bottom material, flow rate,
depth, the transparency of the water, and also logging, which have such a
mechanical effect primarily on inshore and coarsé vegetation that such
vegetation does not as a rule form beds of considérable size in logging rivers
(there is no logging in the Tuba). The largest beds of submeréed soft
vegetation are found in the Tuna, the Middle Lizhma and the Syapsya; vhich are

highly transparent. Water moss is common in he rapids of all the rivers.

There are reed beds, scometimes with bulrushes, around the mouths and outlels of the




rivers in lakes through which rivers flow; considerable aggregations of pike
are common in such localities. Yor this reason aquatic vegetation is un-
desirable in salmon rivers,

Groups of rivers. The salmon rivers of Lake Onega may be divided

into three groups in relation to size and water content: large, medium and
small.

The first group comprises only three rivers, the Vodla; the Shuya
and the Suna, which were of very great economic importance to the salmon
fisheries in the past. These rivers are ab least 170 km long and the mean

7,
annual discharge of water is at least 70 m”/sec. The Vama, which is a reach
of the Vodla, should not be separalely distinguished, although this has been
done in table 1.

i1

The group of medium ri&ers comprisgs the Syapsya, Sandalka, Lizhﬁa,
Kumsa,'Povenchanka, Nemina, Pyal'ma, Kolcda, Andoma; Samina, Vytegra and Megra
Riverss These rivers are from 15 to 156 km long and have mean annual watex
discharges of betweén 6 and 25 m?/sec; The Sandalkea, the Povenchanka and the
Vytegra have been rendered completely unsuitable for the reproduction of the
salimon owing to hydraulic engineering vorks. Only the Pyalfma is at present
of commercial significance; there are very few salmon in the other rivers and
tﬁe salmon has disappeared completely from the Koloda.

The small rivers have mean annual water discherges of from 1 to h

3 . . . :
m’/sec and are between 15 and 57 km long. They include the Lososinka, Malaya
(Lesser) Suna, Tivdiika, Upper Lizhma, Elgamka, Unitsa, Pazha,Zbilaya Tambitsa,
Tuna, Tuba and Vodlitsa Rivers. Their role in the reproduction of the salmon
is insignificant at the present time.

The area of rapids suitable to salmon was taken into consideration in

addition to size and water content when dividing the rivers into groups.  Thus,




although the mean annuel discharge of water in the Tivdiika rose to 62 n/sec

after the inclusion of a part of the catchment of the Suna, the reproductive
potentialities of the river have not been increased and it has been left in
the group of small rivers.

The main hydrographical and Bydrologic characteristics of the

sparming (salmon) rivers of the basin of Lake Onega are set out in table 1, a
composite table compiied from the data of S. A. Bersonov (1960), S. V.
Grigor'ev and G. L. Gritsevskeya (1959), S. A. Sovetov (1917) and L. T.
Tsimbalenko (1913). |

Information concerning those rivers wihich are entered only by chance

by the salmon ér for which entry is doubtf&l is set out in table 2. Those
rivers which for various reasoﬁs have ceased to be breeding grounds of the
salmon and have passed to the category of trout rivers are given at the end of
this-tablea The other trout tributaries of Lake Onega'have similar character-
istics. In addition to the eastern.shores of the lake, there are groups of
trout rivers between the outflow of the Svir' and Petrozavodsk and between the
: Kondopoga and the Lizhma.
The differences between the salmon and trout rivers of Lake Onega

may be sumnmarized as follows.

. 1.  Even when small, salmon rivers are larger t@an trout rivers;

if the trout enters salmon rivers, it spawns either in the lower rapids or in

the small tributaries nearest the mouth.

2. The salmon rivers are more gently flowing than the trout rivers, /26/
as was noted by K. F. Kessler (1868): "for preference the taimen (Hucho

taimen) chooses the most stony rivers and streams with the most rapids for

spavning, whereas the salmon to some extent avoids such eternally grumbling
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Key to Table 1: 1. Table 1 2. Main characteristics of spawning (salmon)
rivers of the basin of ILakc Cnega 3. River, tributary . Length, km
aa 2 5 maas \ "

5. Fall, m 6. Catchment area, km /. Ratio of lake surface to drainage
ayen . S5 9 anecd £4 ~ate of flow itres/s 1,12 Wat 41 gl
area, % 8. Specific rate of flow, litres/sec/kn 9. Water discharge,

e
m)/sec 10. Comment 11. Lesosinka 12. Seasonal reservoir at outflow
and three river-bed reserveirs in lovwer reaches, one in existence since
1703 1%. Shuya 14, Hydroelectric power station dam near the settlement
of Ignoila (130 km from the mouth) since 1939, river bed reservoir 15.
Syapsya 16, Yalaya (Lesser) Suna  17. Neo dams 8. Suna  19. Logging

dam 7 km from mouth 20. Discharge diverted from the Girvas Falls into

Lake Palte -- Lake Sandal -~ Nigozerc -- Kondopozhskeya Bay  21. Sandalka

-

22, Outflow dammed off in 1926, river dried up  23%. Tivdiika 24. & part of

the catchment of the Suna to an area of 5661 kr™ was included in 1952 and

3 e . .
1 sec 25, Lizhme  26. Dams in upper,

midéle and lower reaches  27. Upper Lizhma  28. Elgamka 29, Logging dam
30, Dams destroyed 31. Unitsa 32. Joined to the small lake Pigmozerka,
dans. 33%. Kumsa  34. Dams in upper, middle and lower regches. 35. Table 1
(continvation) 36. Povenchanka  37. Incorporated in the White Sea-Baltic
canal  38. Nemina  39. Dam 30 km from mouth 40O, Pazﬁa k1, Dams
destréyed Lo, Pyal'ma 4%, Bhilaya Tambitsa  44. Tuna  45. Dam
destroyed  L46. No dams U7, Tuba  48. Two dams: dam at outflow from Egoéero
@stroyed, dam in lower reach not used. 49..Vod1a 0. Dams at

both outflows, Vodlozerc is a seasonal reservoi; 51. Vama - 52. Koloda

53%. Dam at outflow 5k, Three dams -~ in the upper, ﬁiddle and lower parts
of the river 55. Andoma 56. Samina _57. Hydroelectric power station dam

58. Vytegra 59. Incorporated in the Volga-Baltic waterway, locks on the

river G(O. Megra 61, Vodlitsa. :-
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Rey Lo Table 2@ 1. Table 2 2. Main characteristics of the rivers which

n enters by chance or for which entry has not been proved 3.

-1

Lhe salmo
- . - 2 s

miver L. Length, km 5., Fall, m 6. Catchment area, km 7« Raetio of

'] 1. g 3 3 . 3 Vs 2
lake surface to drainage area, % 8. Specific rate of flow, litres/sec/km

-

9. Water discharge m?/sec 10. Irsta  11. Syargezhka 12. Tleksa 15,
. ) &

Kelka 1. Ckhtomreka 15. Somba 16. Ragnuksa 17. Chernaya rechka’

& *

18. Oshta  19. Vilga .20. Shoksha 21. Tambitsa (near Tambits-Nosa)
» * . . 4t *

22. Arzhema 23%. Vozritsa 24, Nelyuksa 25, Issel'ga (Tambitsa)
€ * :

~ 206. Filippa 27. At the present time only the trout enters all these

rivers.

waters!.

3. The trout is able to tolerate a higher degree of humification

and is found even in peat ditches in which he water is heavily coloured and




_3‘7..

has a pH of 6.0w—6=5v(Pravdin and Kornilova, 1959)c

Despite the traditional conviction, the trout is on the whole
less demandiné on conditions than i= the salmon. It is able to breed in
rivers which the salmon avoids entering, for example in the upper reaches of
the Pyal'ma and the Nemina., By wvirtue of‘its greater adaptability
(Plasticity) it is able to form landlocked forms in heavily humified, svanpy
.oxbows (lemhy)(transparency 0.6--0.8 m; size up to 200--300 m long, bottom
material ocoze), which have long lost a connection with the sea, (Chernov,
19%5) « These valuzble properties of the trout compel us to consider ik atb

least as attentively as we consider the salmon.

species have adapted themselves to the use as spawning grounds of watercourses

o

within their range wihich differ in their nature, and the trout has even

succeeded in occurying landlocked bodies of water. The high adaptability
(plasticity) of Salmo species mekes them wxtrermely promising subjects for

economic exploitation, especially in Karelia, which abounds with lakes and

rivers with the most varied conditionse.

IIT. The T'ish FPauns of the Rivers.

Enemies and Competitors of the Salmon.

There has not previously been a special gtudy of the fish fauna of
the rivers in the basin of Lake Onega. Lists of fishes for many rivers are
given in "The Natural and Economic Conditions of the Fishing Industry in
Olonets gubernia' (1915), a report compiled from questionnaires filled in by
the population. However, there are great inaccuracies in these lists and
although commercially exploited species well known to the population are

correctly listed in them, there is no mention of such species as the lamprey,
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the minnow, the stone leach, the white bream, the miller's thumb, the dace

and others. 1In some instances a local name is given without any explanation.
For exmnles ”korpuﬁ” which is apparently the "korbitsa', i.e. the dace, is
listed for the Shuya. The data in this report are therefore in need of
verification and correction.

Becéuse theAscientifiC studies of recent years have been devoted to
the lakes and have scarcely touched on the rivers, little cen be cwtracted from
them, The lakes of the Shuya basin have been most fully investigeated; we
nave the most detailed informaticon on the fishes of this river.

Our materisls on the different rivers are of unequal wvalue, but they

do permit us to make some comparisons and draw some conclusionse.

The rivers in the basin of Lake Cnega differ significahtly in the

(2}

composition the fish fauwna and.in the relative sbundance of its components,

including ¢ titors and enemies of the salmon. The diversity of species in

the fish fauna is dependent on the size of the river and on its hydroprgphica
and hydrologic features. The smaller 1s a river, the more impoverished is the
composition of the fish fauna. In rivers which abound in lakes through which
there is flow the fish fauna is enriched by limnophilous fishes.  The abundance
of the pike and the extent of its effect on young salmon are connected with the
.existence in a river of such lakes in which the pike breeds. The predator forms
considerable concentratio ns, which are a strong barrier to downstream migrants
where the spawning tributaries join the river, in ﬁhe lower reaches of the
tributaries and in the outflow of the main river (Malaya (Lesser) Suna --
Syamozero -- Syapsya -- Vagatogero -~ Shuya -- Logmozero; Upper Lizhma,

Elgamka -- Lizhmozero —-- Middle Lizhma -- Kedrozero ~- Lower Lizhma (*Kedroreka')

-~ Tarasmozero).




The nature of utilization of the river has a considerable
influence on the composition of the fish fauna. There is, as a rule,
raduction.and‘sometimes total disappearance in the first instance of the
most valusble species.

The species composition and frequency of individual species are
given in table 3 only'far those rivers which were investigated by us.

Since we were unable to make lengthy observations at permenent stétions, it
is inevitable that these data will subsequently be corrected and expanéed‘

Thus, it is evident that the sculpin Cottus voscilopus, which is known to

exist in Lake Onega, will be found in the rivers.
The lavgest number of species has been recorded for the Shuya (25

for the river and 31 for the basin as a whole) and the Vodla (20 and 25

rescvectively), which have the best conditions for thermovhilous cyprinids.

Suveh reliecte s chub., one
SDUCh rellCis as Cchlo, M“ore, gudigeol,

crucian carn and white bream sre found in
the basins of both rivers; the catfish, the rudd and the spiny loach are found
in the Shuya; the pike-perch is found in the Shuya and the Vodla and is absent
from the other rivers.

The number of species has been reduced in a number of rivers as a

result of bydraulic engineering works by elimination of the most valuable

o

" species -- salmon, trout, vwhitefish and grayling (table 4).

The least number of species is found in the small, fast-{lowing
rivers, which are suitable only for typical rheophilous fishes (the Pazha ~-
10 species; Upper Lizhma, Elgamka, Tuba -- 11 species). Thanks to the
presence of lakes through which there is flow thé other rivers have a richer
fish fauna, but far from the same as that of the Shuya and the Vodla.

From among the fishes which inhabit the rivers we are primarily

interested in those which are enemies and competitors of the salmon.
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Key to Table 3: 1. Teble 3 2. Species composition and occurrence of fishes

in salmon rivers in the basin of Lake Onega 3. Species and form k.

Lososinka 5. Shuya (from the Syapsya to the mouth) 6. Suna (from the Kivach
Falls to the mouth) 7. Upper Lizhma, Elgamka 8. Lower Lizhma 9. Unitsa

10. Kumsa  11. Nemina 2+ Pazha 15« Pyal'uma 1. Zhilaya Tambitsa

"15. Tuvba (below Egozero)  16. Vodla (the whole river)  17. Vama  18.

Lampetra fluviatilis -~ river lamprey 19. L. planeri -~ brook lamprey 20

" :
Acipenser ruthenus -- sterlet 27. Szlmo salsr m. sebago -~ lake salmon

. ’ - . 000
220 S. trutta m. lacustris -- lake trout 2%. S. trutta m. fario -- brook trout
®ok R
24. Coregonus albula ~- vendace 25. C. lavaretus lavaretoides -~ migratory

lake-river whitefish  26. Thymallus thymallus -~ grayling 27. Osmerus

eperlanus everianus -- smelt 28 Q. eperlanus everlanus m. spirinchus ~-

snetok (landlocked smelt)  29. Table % {continuation)  30. BEsox luciug —-— /29/
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pike  %1. Rutilus rubilus -- roach  32. leuciseus lewciscus -- dace 335,

. - Lo cexnnlus -~ chub 3l L. ddus ~- ide  35. Phoxinus nhoXinug -- minnow
36. Servlinius ercihrenninalous - pudd 37 cobio -- gudgeon  38. )

Damnus «= pleak 9. Elicea bhibirima -- White brean 4O, Abranis

-
- 3

. e - -
Albummnz &

brara -~ brean L. d£e budlerus - zope 42, Carascius carassius -= crucian

“hh, Cobitis tasnia -~ spiny /30/
. A sk
1lla oaeudlla ~- eel
), N . - e PR . .
47. Lotz lota aunadrowus -~ burboi L8, Yuncitins vungitius -- ninespine
sticilaeback L9, Gestercsteus smceuleatis --.threespine stickleback ,
- ~ [
‘ . . . :
50. Lucionerca lucionsrea -- gike-perch  51. Ferca fluviatilis -- perch  52.

cuzdricornis onerensis <~ fourhorn

shub 55. Note. The following

notations are adorted in the table: <+, the fishis common and numerous; +1,
. common but not numerous; 1, very scarce, singly; -~ 4 - not found; =4used to

. - *
exist, but has disapveared; ?, rossible, may be found; , enters the mouth;
L s _ ok ok ’ !
, present since 1954 , descends from the lakes; , became extremely
. , s o C oy 0 ;
rare after construction of dawis on the Svir'; , may descend from Vodlozero;

0 . . co0 . e .
, present in Lake Osterj , present in the tributaries of salmon rivers;
"0000 et s wa _ ; o . \
, rresent in Lizhmozeroc but very rare. vhere there was no information

Fe3

concerning a fish the column has been left blank.

. ..,
- The competitors include young grayling,- the dace, the minnow, the stone loach /3
eand the gudgeon; this combination of fishes is as a rule found in the same \

localities as young salmon and is caught together with them. Owing to
differences in biology and behaviour the competitive carpacity of these. fishes

'" is not the same. The grayling, the pike and the burbot should te regarded /32/

as the main enemies of younz salmon in our rivers. However, according to
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Koy to Table b 1. Table & 2. Number of species and forms found in the
col rivirs in the basin of Lake Onega. 3. Frequency L. Lososinka 5.

Jeiye (from the Syapsya to the mouth) 6. Suna (from the Kivach Falls to
the mouth) 7. Upper Lizhma, Blgamka  G. Lower Lizhma 9. Unitsa 10

Kumsa  11. Nemina -12. Pazha  13%. Pyal'ma 14, Zhilaya Tambitsa  15.
Puba (below Bgozero) . 16. Vodla (the whole river) . 17. Vama  10.
Invariably to be found in the river at the present time 19. Was present in

the past bul has disappeared 20, Enters from the lakes and tributaries

'21= Total recorded for the basin.

published data, even such non—preaatory fishes as the minnow and the dace may
be not only compétitorss but also enemies of the salmon and consume its larvae
(Mikhin, 1959).VWhitefish, ide, perch, pope and roach are common in the pools
of the rivers and below the rapids, but these fishes may also entér the rapids

and there enter into interrelationship with the young salmon.

/5
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The Jamprey anparently inhabits all the rivers, with the
exception of the upper reaches (Vama, Upper Lizhma, Elgamka). Its larvae

are found‘boih in soft bottoms and in shingle beds. There vas an interest-
ing instance of the discovery of a lamprey larva in a salmon redd in the
Syapsya River. No eggs were found in this redd and there was a lot of tree
bark in it. It is pbssible that this was a "test' redd in vhich no eggs were
laid vecause of the heavy contamination of the bhottom resulting from logging.

A river lamprey was observed al Chuporog on the Suna on May ¢6%

1960 keeping in the vicinity of a batch of eggs attached to the undersurface
stones; the eggs were in the mobile embryo stage.

The trout is not of commercial importance in salmon rivers, since
it enters them in very small quantities. | Tt breeds in shallow tributaries
not entered by the salmon, but it. is possible that it also utilizes the loweér
spmwniﬁg grounds of the salmon in the main river. Du-iné the river pericd of
existence and during the downstream migration the young of these fishes are to
be found in the sane reaéhes.

A number qf investigators regard the ?pouﬁ.as an undesirable fish in
salmon rivers, in as much as it is a food competitof éf parr and consuﬁes
salmon eggs. V. A. Abakumov (1960) found, additionally, that the hybrids which
'fgrm under natural conditions between the salmon and the trout are inferior in

growth rate to the salmoh during the (marine) feeding period.

The lake-river whitefish is common, if not invariably present in

salmon rivers, but its abundance has been sharply reduced, and it has practically
disappeared along with the salmon from the Suna, Povenchanka and Unitsa Rivers.
The sea whitefish of the Shuya appears in the river in July and remains in the
pools of. the Shuya and the Syapsya and below the rapids until spawning; fish

which have overwintered in the river after spawning migrate downstream in
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Anril--Hay, l.e. before the salmon larvae emerge from the redd. Young white-
fish which have migrated downstream from the river are caught -in Petrozavodsk
Bay in July-nﬁuguste It is evident that the whitefish is not an enemy or
compeltitor of the salmon under the conditions of the Shuya. The Lizhma
whitefish approaches the mouﬁh of the Kedrozerka in May after having over-
wintered in Tarasmézero, but since it is not found in the locality in June it
is also scarcely a threat to salmon larvae.

The grayling is a competitor and predator vhich invariably accompanies
young salmons Its abundance varies in aifferent rivers. The greyling is,
rerhaps, the fish most sensitive to the effect of logging, since.its spawning
and spawning grounds are exposed to the effect of the inteﬁsive spring logging.
The grayling has disappeared completely.from the Suna. Its numbers were low in
the Kumesa, but since logging was discontinued its stock hes increased rapidly.

The

o]

rayling is found far more often than young salmon in the Kumsa. Syapsya

¢

and Shuya Rivers. It is very rare in the Tuba and in tﬁe system of the Lizhﬁa,
whereas it is the fish which has the main effect in the ravids of‘the Pyal!ma
and the Tambitsa and is possibly inferior in abundance only to the minnow.
According to the data of test fishing in the middle of August 1963 the ratio of
grayling and salmon in groups of underyearlings and yearlings in the rapids of

the Pyal'ma and the Tambitsa was 4 : 1 in favour of the grayling. Although

the grayling inhabits the. same localities as young salmon, it extends over a

greater area., The salmon is more active in search of food. According to tlie

data of A. A. Zabolotskii (1959), the grayling consumes three-times as much food
as the parr and grows faster., There is a corresponding difference of 2--3
times in the weight of coeval young grayling and salmon. At the proportions of

underyearlings and yearlings observed in the system of the Pyal'ma Rivewr, the

<
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fish mass of the grayling is therefore 10 times that of the salmon parr.
It is clear from this that unless the abundance of the grayling (and of other
competitors) is reduced it is dimpossible to increase the productivity of the

solmon spawning rivers. -

[N
7w

The grayling is an active predafor which continues to feed even
vhen the rivef is ice'coveredu The stomach of a grayling 850 g in weight

and 1.5 cm léng which was caught on October 30, 1967 in the salmon spavming
grounds in the Vama River contained 15 specimens of the landlocked smelt

56 citi Longe The smelt had apoveared in the river after a strong wind had
been blowing toward the outflow. A week berfore this, at the height of salmon
snavining, grayling which had been fecding on salmon eggs were caught in-the
Vauna. The grayling undocubtedly also feeds on young salmon, which are more
.available in the egrly stages, down to the underyearling, when the young
salmon. are less mobile.

The pike inhabits all the sglmon rivers, but its quantities vary in
relatibn to the existence of spawning reaches suitable for it. Tn rivers in
which conditions are .not suited to the reproductionigﬁ the pike (Kumsa,.Pazha,
Pyal'ma) its abunéance_is slight.

Because the Kumsa has steep rocky and sandy banksiin its lower
‘reaches, vhere there are salmon spawning grounds, there are very few pike there
and the pike cannot significantly affect the young salmon. In other rivers
where the floodplain is subject to inundation (Shuya, Syapsya, Elgamka,
Syargezhka) or where there are swanpy streams, excellent conditions are created
for the spawﬁing of the pike, with the result that its abundance is high.

The pike usually concentrates in the grassy inlets around the river

mouths, in the lower pools of the rivers, in places where the rivers are
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obstructod and in the lover parts of the rapids, especially where the ranids
are damiseds Tre influence of the pike is inversely rproportional Lo the width
of the river since it is a fish which keeps mainly to the banks. In & J3k/

spavning tributory of slight width (less than 10 m) a single pike way control

the entire width of the river bed, as was shoun by spinning: the same pike

rushed at two trolls cast from either barnk. The concentration of the pike
around Ehe nmouths of the spawning tributaries may be very high. Since there
are as a rule very fow other fishes in the spawning tributaries,-the influence !
of the pike on the youry salmon is undovbtedly of decisive importance for the
fate of future salwon catches in such instances. The population density of the
pike may be to some extent characterizea vy the following figures (data for the
Lizhma Kiver basin). Five pike betwaén'OCB anu 1.0 kg in weight were caught in
half a da& in the rpouth of the Sheichuga River in a strotch 50 m long where the
. - xiver ic 10 :; wide, which was 1 pike per 100 1112 of the 1‘-iyer Lets In the reach

around the mouth of the Sordiya River, where the river is 10 m wide, .-vge pike
§ 3 0

were seen splashing every 10--15 metres. In the outflow of the Middle Lizh.~ . g

up to 22 pike have been caught in a day with asingle spinning rod. The young ?
salmon are more available to the pike during the'downétream migration.
Artificislly reared youﬁg salmon released into unprepared bodies of water also
become prey for the pike. According to a communication of S. P. Kitaev, who
made obsérvations between September 15 and Cctober 21, 1963 on pond-reared
underyearlings releasod.into the Syus'kieka Rivef (Lake Ladoga), salmon under-
yearlings formed a significant part of the food oprike caught for a month after
the release of the young salmon.

Conditions for young salmon are greatly worsened by the construction

of dams at rapids and by the obstruction of the river bed as a resull of

. logging. Thig deterioration is due not only to the reduction of the feeding




of Lake Cnega. It is noticeably less plentiful. in the Tuba and the Lizhma than

-~ U8 .

grounds, bult also to the imerovemsat of mnting conditions for the pike.

the rapids are refuges from behind which the pike

(e
tate
.
6]
0
pacs

The dams and spi

emerges to hunt in the shallows of the river bed inhsbited by the young

salmone

<irenely numerous in the rapids of the Vama, Syapsya

and Pyal'ra Rivers hut 15 not found in the Lizhuma basin (there are two vecord-

cd instances of dace caught in the Lizhma inlet, in 1961 and\§§52)a There is
-

no information concerning the interrelationship of the duce wnd-the calmon in

ouY rTiverse.

®

The minnow is evidently to be found in all th

n the Pyal'ma, R t’
In August 1963 we were able to observe the pehaviour of a school of T

ninnows in a vool in the Pyal'ma River., A school of miﬁnofs of different ages “

nambering up to 150~-200 fish (estimated) occupies an area approximately

0.5--0.8 m wide and 2f“2a5 m long. The minnows are arranged as follows: the

largest fish (6--7 cm ;ong) are at the head of theﬁschoél, the underyearlings

are at the tail and fish of intermediate sizes lie between them. VWhen under-

yearlings caught with a net darted in front of the school., somé of the large |

minnows seized and swallowed their own underyearlings. This may probably be

regardea as confirmation of the predatory feeding of the minnow described by

Ve S. Mikhin (1959). In the Bol'shaya River (Baikai) the minnow destroys a /35/

considerable quantity of Arctic cisco larvae (Barbarovich et al., 1966) «

The gudgeon is found only in the Shuya and the Vodla. The
extension of the range of this species and the increase in its population which
have been observed for probably no more than the last ten years are of iptererts

In their reference manual "The Lakes of Karelia (1959) K. I.




- 1+9 -

udreeon is a very rare fish in

E’}

Belyaeva and V. V. Pokrovskii wrote: "The

Lake Cnecpa and even then is confined to the southern part of the lake'. In

1955 we found the pudgeon in the Ragnuksa, a tributary of the Vodla.

Fishermen did not note its appearance in the Shuya before 1959. In'1961 the’
gudgeon was already to be caught from the mouth to the Vidanskii rapid, and

it was then that the first communicationsconcerning the appearance of a new
fish uﬁknown to the population were received from several fishermen
(professionals and amateurs). In December 1961, I. A. Pesnin, the leader of

a fishing brigade, took one %pecimen of the gudgeon from the region of the
village of Shuya. When the Shuya River was examined in September 1962 wve

ght gudgeon at the Vidanskii rapid in the same localities as young salinon,
but nearer the bank, where the_currenf was more gentle (flow rate up to

0.5 w/sec) and where depth was between 10 and 40 cm, i.e. in the zone inhabited
by salmen underyearlings. Ther#a ter the gudgeon penetrated up stream, overcanme
the Bol'shoi Tolli Falls (apvarently by advancing along the quieter left branch)
and is now csught (in tens by rod and line in the course of'aday) at and above
the Ywmanishki rapids, but it has not been establjsged vhether it has reached
Lake Vagat. In August 1962 a gudgedn was-caught fér.the first time iﬂ the
Lizhma inlet (taken by'the author), where, like the dace, it had not previously
been known to the local inhabitants.

' These facts are of interest in themselves, and they have the further
.interest for us that the gudgeon may be a food éompetitor of young salmon (to
the underyearling stage), since the gudgeon is clearly tending to increase in
abundance in the Shuya.

The miller's thumb, like the very similar Cottus bairdii bairdii

irerd in American rivers (Dineen, 1948), apparently feeds on the eggs of

salmonids and is a competitor of the young mainly to the underyearling stage,

e e 2 P A MY TP TS
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up to which time the young live on the bottom ﬁogether with the miller's
thumb.

The burbot is most plentiful in the Vodla and the Shuya and there
are nany suall burbot in the Vama in the salmon spawning grounds. During
the syavning gperiod of the salmon the burbbt consumes 1ts eggs. When.the
vater becomes.colder in the autumn the burbot becomes more active and even
such an active swimmer as the grayling is found in its food at this timen
This suggests that the burbot may possibly also consume younp salmon, although
we do not as ret have direct observatiorns of this. According to the
observations of M. I. Vladimirskaya (1957), young Atlantic salmon were found in

[e N« N
S

the winter in ©.0 % of burbot stomachs in guantities of up to 3 im one stomach.

] b

'he burbot should be regarded as a dangerous predator in relation to young

o

_saluon. In »ivers wheve the numbers of fishes of no food value are low
(Tuba, Lizlwaa), the abundance of predaﬁors siiculd Le redu;ed Lo as lov us

rossible, since their thrﬁﬂt to parr is greater, the lower is the abundance of
other fishes. The ideal solution woula be to eliminate predatory fishes and
fishes of no food wvalue completely from salmon rwvers‘and this is nossnb“e in
principle by the use of ichthyocides.

In speaking of the enemies of the salmon, referenée should be made

'tQ fi$h~e ating birds,; among which young salmon are consumed by the dipper
(Vladimirskaya, 1957) and especially by the goosander, which does considerable
damage in the rivers of Canada and Sweden (Blson, %950, 1962; Lindroth, 1955).
Fortunately for our salmon, the numbers of these birds are now very low and

they are incapable of having any significant effedét on the survival of parr in

the rivers of the basin of Lake Onega.

/56/
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TV, The 3tate of the Rivers in Connecction with their
Utilization. The Effect of Hwdraulic Eneineering VWorks

_The develounent of water use. The interests of different water

users come into conflict in rivers and the demands which water users make on
rivers are, as & rule,.mutually exclusive.

Tn addition to their use by the fish industry, rivers are used for
water transvort (including logging), power supply, the discharge cf incustrial
efflunents, the discharge of water from drainage systems and for communal and
domestic needs.

The stocks of the Cnepa salmon have been nmost affected by the use of-
the rivers for transport and as a socurce of éowar5 which began in the 13th
century inconnexion with the develpoupment of the econory of the region.
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constructed on them for metallurgical plants (after 1700 on the Lososinka,
Tivdiiké, Vichks, Povenchanka and Tuba Rivers), for sawmills (in the second half
of the 1&th century. on the Shuyas, Suna, Lizhma,an@\Kuméa Rivers and later on the
Povenchanka) and for flogr mills (on the Tuba and other rivers). Hydroelectric
pover stations were constructed on some rivers after 1900. The construction of
{hg hydrdelectric power station on the Lososinka had no effect ou the re-
production of lske and river fishes in it, since they had disappeared -long before
that time, probably back in the 16th century becaﬁsé of the dams of the Petrovsk
Plant and later the Aleksandrovsk Plant. On the $huya the dam of the hydroelectric
pover station at Ignoila cut off the upper spawning grounds of the salmon, but
their area does not exceed 10--15 % of the area of rapids utilized by the salmon
in the basin of this river. In the Andoma the pover station cut off the main

spawning grounds, the '"Mal'yanovskie rapids" and although spavning grounds have
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rerained in the Samina, a tributary of the Andoma, they do not compeunsate the
loss of area which is at least 2/3 of the total area of salmon rapids in the
Andona basin.

The Suna is an example of the wost serious consequences of hydraulic
¥

engineering vorks for the fish industry, consequences which have admittedly

been made worse by logging. This river was of great importance to the fish /37

industr& in the past and took second place after the Vodla in terms of catches.
In 1895--1900 whitefish catches in the Suna exceeded 300 centnefs {(Pushkarev,
191%b) (tronslator's note. 1 Boviet centner = 100 kg). Thers is no information
concerning the salmon catch in these years. In 1926——1939 when the Suna
Fishery was already on the decline, salmon catches were 271--30 centners (Kozhin,

1927a; Zborovskaya, 1935). Thercafter there was a shorp reduction; 4 centners

of salmon were caught in 1932 and after that time the Suna salmon and whitefish

disappesred entirely from the conmercial catch. Although whitefish still enter
the river singly, the salmon had disappegred here as a species.

Hydraulic engineering works on the Sﬁna were carried out in stages.
In 1926, the Sandalka {a tributary of the Suna), which was entered Bj a large
quantity of saimon, was completely dammed and as a result a catchment with an
area of 1017 km2 was cﬁt off.

The reach of the river below Girvas (65 km from the mouth) became
in essence an independent river which approximafes to the Kumsa and the Lizhma;
which are salmon rivers, with respect to its main hydrographical gnd hydrologic
characteristics (table 5, based on the data of Grigor'ev and Gritsevskaya, 1959
and of Bersonov, 1960).

The excellent natural regulation of the basin of the Lower Suna could

ensure a uniformity of discharge within the year suificient for the reproduction

of salmon and whitefishe. However, since the Suna is one of the main logging




vinter wavs, its regime and especially the regulation of discharge are so
etormined by the interests of logging as completely to exclude the re-

vroduction of lake-river fishes.
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Key to Table 5: 1o Table 5 2. bMain charvacteristics of the Lizhma, Kumsa
and Suna Rivers (the reach of the Suna from Girvas to the mouth) 3o River
i . ' 2
and reach o Length of reach, km 5. Catchment area, km 6. Lake area,
2 . o . . .« o/
L kn“/nunber of lakes 7. Ratio of lake surface to-drainage area, % 8.
s . . 2 ‘ " as 3
Specific rate of flow, litres/sec/km 9, water discharge, m”/sec  10.
Lizhrma (mouth)  11. Kumsa (wmouth)  12. Suna (village of Shushki)  13.

Suna (mouth).

\

Navigation is on the whole poorly developed in the rivers. The
use pf the Povenchanka and Vytegra Rivers as parts of the White Sea~Baltic and
Volga~-Baltic waterways is an exception, but the salmon stocks in these rivers
had glready been adversely affected in the last céntury (owing to the dam of a

timber plant and to overfishing in the Povenchaﬁka), so that the loss to the /38/
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fish industry from this form of utilization of the rivers has been slight.

The effect of logging. The transvort of timber by woter is the
main form of utilization of the rivers in the basin of Lake Onega, as it is in

general of Rarelian rivers. Tven quite recently logging was cqrrlud on in all
the salmon rivers in the basin of Lalte Onega. Naturally, therefore, the great-
est certradictions arise where the interests of the fish industry come into
conflict with those of logging. The ceszation of logging on a number of rivers
(Lizhma, ¥umsa, Tuba and Pyal'ma) has been due primarily to the fact that the
forests have veen felled in their basins, and to‘a lesser degree to conversion
to another form of transport (Shuya).

Logging appeared in the rivers in the basin of Lake Onega with the
rise of the sawmilling industry in th first quarter of the 18th century, but
the voluwe of logging wes slicht by comparison with the present-day velume down

i 1 - . — R 4 . AR T T AN g Devan T : s
to the baginnine of the 1920z (1.76 million cubic netres for Karclia os a whole

in 1913, epproximately %.5 million in.1928 and reachking 9 million in 1961;

/

Grigor'ev, 1961).

N

Whereas previously when the volume of fgll?ng vas slipht iogging was
carried out only during the floeiberiod, the duration éf logging has beeﬁ
extended as the volume of felling has increased and it has become necessary to
create seasonal reservoirs.

The effect of logging was therefore far weaker in ‘the earlier periodA
than in the subseguent years, especially becauseiit was the forests nearest the
river mouths which were initially felled and therefore the upper spawning
grounds vere initially not affected by log gging. However, it was already
realized in the last century that the fish were adversely affected both by
logging itself. (Pushkarev, 19002) and by substances extracted from the timber

(Borzdynskii, 1867). Admittedly, N. Ya. Danilevskii (1875) regarded drift
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Tlodtilng as a positive feature on the grounds that it preatly interfered with

river fishing and therefore prevented overfishing. However; this is more
an example of the '"cure being worse than the disease'. Pushkarev, who

investige

-

i irated the Vodla 20 years after Danilevskii, reached oppcsite.conclusionso
le recommended reasures to limit the harm caused to the fish industry by the
timber industyy (Limitation of the logging period, barking of the logs,
controlled ovperation of the boom, inadmissibiiity of the dumping of sawmill
waste in rivers snd the construction of fish weys at sawmill dams). it was
evidently Pushkarev who was the first to formulate the demands of the fish
industry on the timber industry. However, 1t cannot be said that even cne of
these reasonable aspirations has been met in the years which have since elapsed.

Furthernore, right down to the present, water-use legislation has not ensured

effective vrotection of the interests of the fish industry which have suffered

from the eflect of the timber industry.

The development of the timber industry and the simultaneous reduction
in the abundance of diadromous fishes compelled many investigators both in our
country and abroad to refer to the connexion between these events.  Almost all /39/

investigators of fishes and fishing who have worked in Lake Onega refer to the

i

u

E6)

e of spawning rivers for the needs of the timber industry as one of the

" adversely onerating factors. Tt would take too much space to 1ist these
B3 (o &

investigators.

Twio authors (Stroganov, 1937; Artimo, 1961) doubted whether timber
extracts and bark were harmful, but they were not concerned with salmon rivers.
Artimo, who observed the developmeni of pike«perch and pike egges laid on bark,
concluded that the opinion that the bark which peeled off during logging was
harmful had been greatly exagperated. The data of Alm (1923) and of A. G.

Gusev (1950, 1952, 1953) force us to disagree with the ovinion of this author.

oz erENre = o



M0 other authors, namely . JHrnefelt (1931) and No A. Ostrourov

(1GkhL, 10b9), went even further and asserted thet the pollution of rivers by

ocoines vaste was beneficial. Ostroumov based his conclusion on the fact
T —

1=

that the biomsss of the benthos was increased on a ltimber substrate and that
consequently the food supply of fishes was improved; he stressed the
positive nature of these changes (from his point of view). Without

investigating the other influences of logging, he concluded: "“Until it has
exceeded a certain maximum, logging is a vrogressive factor in northern
rivers'. Tovever, he did not state whst this "certain meximum' might be.

In the opinion of Cstroumov "Logging in rivers does not have an inhibiting

effect on fishes''.

observed in our rivers (in pools =nd below ravids, where the bark setitles and

is washed by. send and silt), we cannoﬁlaccept the opinion of Ostrowwov that
logging is beneficial, at all events for salmon rivers of the Karelian type.
Althodgh some benefit is obtained from this by the indigenous fishes of
little value inhabiting the pools, it is our most\valuéble food fishes, salmon,

trout and whitefish, which suffer as a result of logging.

Many investigators who acknowledge the harm cauvsed to the fish

industry by the timber industry, in particular the harm ceused by logging,

emphasize some one aspect of the influence, either the obstacle to the
migration of the fishes, or the pollution and the deterioration in the quality
of the water, or only the interference to the industry.

.The first attenpt at an overall estimate of the effect of logging

was undertaken by Alm (1923), who reached the conclusion that logging affected

1

fishes and fishing simultaneously in various ways: biocoenoses were modified,
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spavning grounds were volluted,; a fungal and baclerial flore developed, the
guality of the water wes changed and there was mortality of eggs (reaching

o

92.2 5 in salmon) and fingerlings. Alm concluded: '"The effect of logging is

directly proportional to the amount of timber floated down the river; the

duration of logging, the number of dams etc. and inversely proportional to the

water discharge of the given system' (retranslated, cited from Kozbin, 192%a).

i
From among other works in which a similar approach is adopted to the /bo/

study and assessment of logzing, we may mention_the articles of L. ¥, Pragvdin
(1948a; EKarelia, the Horth West), G. D. Dul'keit and Yu. I. Zapekina-
Dultkeit (1965; the mountain rivers of Siberia) and the research of A. G.
Gusev (1953) on the rivers of Southern Karelia. These publications contain
the results of original observations, on the basis of whioh the authors conclude
that logping is undoubtedly harmiul to the fish industry.

Chservations on rivers in the basin of Lake Onepa. The salmon

rivers in the basin of Lake Onega have beeh most intensively used for legging.

This to some extent facilitated our observations which were made beginning with

1959, Investigation of the rivers showed that legging had a diverse and

extremely strong effect on the revroduction of salmon, trout and whifefich.
v 8’; £ 9

The conditions of rewroduction of these fishes are worsened in all instances
and sometimes reproduction becomes completely impossible. Logging is regarded

1

as the most economical form of the transportation of timber under our

‘conditions, but no allowance is made in calculations of the cost of logging for

the vast damage caused to the fish industry.
The effect of logging is compounded of a combination of the following
factors: deformation of the river bed; the mechanical effect on the fishj

pollution of the river hed; alteration of the water, thermal, ice and chemical
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regines; elteration of bioccenoses. A a result of the effect of these

~

factors tnere is an alteration of the fish fauna aflfecting its composition
and tne vronortions of the species. Different species are found to react

differontly to alteration of the state of the river.

=i
[}
a3

n attenpt is made to distinguish the chiel factors among the
various f{octors which modify the conditions of reproduction of diadromous
ishes, it has to be acknowledged that the erection of dums (for logging

ourposes and for power supply) has been the decisive cause of the disruption

of stocks. The -construction of other logping fTacilities and the poliution
8

&

of tac rivers greatly worsen the conditions of reproduction, but when there
are no dams these factors alone are evidently incapsble of leading to the
gomplete destruction of stocks of diadromous fishes.

Commercial stocks of the Unega szlmon are row maintained exclusive-
ly by the svawning grounds in the Shuya (below Loke Vagat and in the Syapsya),

in the Vama and in the Pyal'ma, including its tributary the Zhilaya Tambitsa.

V. The Location ahd Nature of the Spavming and Rearing

KReaches.

e A A e SR

The location of spawning and rearing reaches, which is conditionéd
by the distribution of rocks in the river basin, determines their nature and
value and also, apparently, the fime of the spawning migration of the salmon
(see section IV of chapter 3).

The location of the spawning grounds in the basin of Lake Onega is
as follows (fig. 1).

Lososinka. The most suitable reaches lie within 16 km of the mouth;
for the whole of this distance pools are an ingignificant pfoportion, less than

20 %. Information on the distribution of the salwon in this river has not been
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. preserved; it may possibly have ascended the river as far as Lake Lososinoye

(23.% ki from the mouth).
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Fig. 1.. Diagram of the location of spavwning and rearing stretches in the
basin of Lake Onega. 1) Lososinka; 2) Shuya, 2a) Syapsya; 2b) Malaya
(Lescer) Suna;  3) Suna, 3a) Sandalka, 3b) Tivdiika; &) Lizhma,

4a) Upper Lizhma, Lb) Elgamka; 5) Unitsa; -o) Kumsa ?) Povenchanka.;
8) lemina, 8a) Pazha; 9) Pyal'ma, 9a) Zhilaya Tambitsa, 9b) Tuna;
10) Tuba;  11) Vodla, 11a) Vama, 19b) Koloda;  12) Andoma,  12a)

Samina;  13) Vytegra;  14) Megra;  15) Vodlitsa.
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Shuwa. The reaches now in use are iﬁ fhree nlaces: in the
‘Syaypsya (betwgen 12l and 102 km from the wouth of the Shuya) and in the Shuya
itself below Lake Vagat (petween i and 76 and 60 and 20 lan from the mouth).
Befofe construction of the Lydroelectric power station at the'Seﬁtleﬁent of
Ignoila (130 km from the mouth) the salmon ascended to Lake Salon'iyarvi
(2G5 ¥m from the routh), end its spawning grounds were in the rapids of the
Karatsalma arm (4 km long) linking this lake to Lake Sﬁoyarviﬁ’and below Lake
Suoyarvi (between 162.7 and 130.0 km from the mouth) s In the Malaya (Lesser)

Suna there uvsed to b

¢

spavming grounds in the middle reacnes of the raver
(between 15 and 143 km from the mouth of the Shuya).

Suna. Here there were three groups of spawning grounds: in the
Tivdiika betwzen Krivozero and Sandal, the mailn spawning grounds betveen
Khizhozero and Lake Sandal (63.7--62.7 lkon from the mouth of the Suna), in the
Sandalka (between 38.2 snd 26.3 km from the mouth of the Suna) and in the Suna
itself below the Kivach Fells (vetween 30.0 and 0.1 km from the mouth) e The

lower spowning ground (the Nizhka rapid) was practically in the river mouth.

Lizlma. The spawning grounds are in “the lower half of the Upper

Lizhma (between 60.0 and 51.3 km from the mouth of the Lizhma), in the Elgamia
'(betWeeh 6% and 57 km from the mouth of the Lizhwma) and in the Lower Lizhma
(from 4.% km from the mouth to the mouth). There are two suitable rapids in
the Middle Lizhma, the Srednii (Middle) rapid (31 km from the mouth) and the
Zalomnii rapid (28 km from the moﬁth), but their total area is slight (0.33 ha)
and there is no feliable information concerning spawning. According to

unverified information. the salmon enters the Syarvgezhka, which fliows into
3 o ]

Kedrozero, in which there are small rapids (kareshki) (between 33 and 26 km from

the mouth of the Lizhma).

J12/
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Urniten, According to replies to guestionnaires, salmon are caught

for a distance of aprroximately 40 km from the mouth, but there are also rapids
higher up; the river has not been investigated.

The spawning grounds lie betwsen the mouth of the Oster

i

Lhiver and the lower rapid (Yskhar'evskii, or Zavodskii ;3 between 15.3 and

)

2.7 ku from the mouth of the Kumsa) and possibly extend for we to 37 km from the

mouth (6 rapids with a total lenglh of 1350 m, an average width of 12 m and an

area of 1.6 ha), but no higher than the Bugma Falls (38 km from the mouth) since
the bottom of the upper rapids is guite unsuitable, Adult salmon and fingerlings
have been caught below the confluence of the Cster and spavning has been ocbserved;
there is no informetion concerning salmon catches and spawning for tne reach

above the Oster.

Povenchanxa. There were spavning grounds between 10 km and 0.3 kn

Nemina. There are spavning grounds in the tributary, the Pazha
(between 46 and 4O km from the mouth of the Nemina) and in the Nemina itself
(between 22 and & km from the mouth). Because the salmon has never ascended to
the‘uéper reaches of the Nemina above the confluence of the Pazha (30 km from
.the mouth), the logging dam O.3 km above the mouth of thé Pazha does not affect
reproducﬁion.
Pyal'ma. The main spavning grounds are in the tributary, the Zhilaya
Tambitsa (between 30 and 22 km from the mouth of:the Pyal'ma) and in the fyai'ma
itself (between 6.0 and O.4% km from the mouth). The fapids between the mouth
of the Zhilaya Tambitsa and the Krivol rapid (between 17.9 and 7.5 km from the _

mouth) are unsuitable because of the bottom material. In the Tuna, a tributar
? J

of the Zhilaya Tembitsa (it enters the Tambitsa 47 km from its mouth) there are

J

suitable rapids and shallows (kareshki) only for a distance of 4.5 km in the’




lower third of the

but their arce is

i

dver (betvween 40 and %5 km from the mouth of the Fyal'ma),

very slight. According to informetion yielded by

guestionnzires, the saluon sometires enters the Koda, a tributary of the Tuna

(it enters the Tuna 12 km from the mouth), but nothing is known concerning its

spavning there and

of the Zhilasya Tan

”uLnn

from the mouth,

2.5 kan from the mouth).

spawning (blocks,

7
the resources of s
Taubozero (15.5 km

Vomlaa

rria v ears:

the Vama (between

only spawning grounds in the Vodla basin.

the chiaf of which is the Velikii kanen! ravid (be

spavning would scarcely be pessible in this stream. The

s Pyal'ma (above the confluence
bitsa); only the trout ascends.

There ave four spavning rapids confined to the first 4.5 km

T

tween 4.5 and
large boulders and rocks), their area has not been included in
spawming grounds, al

sh the salmon occosiorally ascends to

from the

mouth),; but this is evicdently a loss of dircction.
The spawning grounds of the Vodla salmon are concentrated in
169.5 and 147 km Trom the mouth of the Vodia) and are now the

Spavning previously took place in a

tributary, the Koloda, but salmon hswe not been sesn in this river since 1957

because the Koloda became unsuitable for spawning owing to the construction of

logging dams and to intensive logging.

smaller than in the Vama.

There is no information concerning the other

tributaries of the Vodla to confirm that salmon re“ularly enter them and spawn

in then.

the Sukhaya Vodla,

material.
The »r

Fadun, the Vodla,

but this is a mistake.

Ust'-Koloda, Cstiov,

There are no salmon spawning grounds in the Vodla itself, including

because of the unsuitable nature of the rapids and the bottom

Because the rapids above this reach are unsuitsble for

The area of rapids in the Koloda is far

/b3

ference work "Lakes of Karelia (1959) lists as spavning grounds the

These points are mentioned in the writings of M. V.

Podporozh'e and the mouth of the Shalitsa,
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Logashev (19%1), B, A. Vesclov (1632) and H. B. Yberovskaya (1935) as places

caught, A parer by ©. A. Veselov and V. li. Korovina

atement that: "...it (the salmon, -- Yu. S.)
ascends chove the Fadun ravids to spawn end is caught en route to the spawning
grounds at Cstrov, Ust'-Koloda and at catching veirs actually in the Padun
rapids.”

.ikgﬁL; The spavwning grounds in the Andoma itself (Mal'yanqukie

rapias, heiveen 6C and 50 km from the mouth) have been cub off by a hydro-
3 - i

electric power station dam; svawning grounds remain in a tributary, the Somina.

(D

Vytegra. Before 16671 there vas still a very smell spavning ground

helow the first dam at the town of Vytegra, but even it disappeared after re-

construction of the canal.

‘_.

herra, The spavning grounds lie more than 12 km above the mouth;

the salmon is obstructed by the dam here; Lluhe slock is

extremely snmell.

Voo}}tsa . According to the data of N. N. Pushkarev (1915), the
river was entered for spawning by salmon and whitelish, which passed through
Lakes legorskoe and Vodlitskoe, i.e. more.than 10 km above the mouth. Nothing
is now known concerning these fishes and they have evidently dl,appe“red since
%he river is not included among the salmon rivers protected by the "Fishing
Regulations' (196C).

The spawning reaches of the rivers are cﬁaracterized in table 6, in
the compilation of which use was made of the data of S. A. Bersonov (1960).

The bottom material of the spawning and rearing reaches is uniform

on the whole: Dblocks, large, medium and small boulders, pebbles, gravel, sand;

the spavning grounds are sometimes silted (figs. 2--h).  The areas of redds

©ivinrcoe s
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Fige 2. Kumsa, Berezovyi rapid. General appearance of spawning ground

(A) and example of bottom material (ruler 20 cm long)(B).
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22, Yazha 235. Fyal'ma b, Zhilaya Tambitsa 25. Tuba 26. Vama 27
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are among omall boulders and shingle, frequently immediately adjacent to large
boulders and blecks. In one case, in the Pazha, the bottom of the spawning
rapids was strewn with flagstones of all sizes, fro& blocks to gravel. The
spawning of salmon on f{lagstones, admittedly of a slightly different nature,

has been described by Te I. Privolinev (1962) for the Narva Riverj; there the
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salmon were urable to excavate mounds In the Pazha the bottom materisl is

i

uu(;h that it is quite possible for mounds to be excavated and the accurmlation
of flags on the stream bed provides an excellenﬁ refuge both for the young and
for adult fish (fig. 5).

In the Upper and Lower Lizhma‘and in the Elgomka we observed (June
23~-27, 1962 and June 18, 1963) that, after emerging from the nest mounds, the

young salmon remainced above silty bottoms close into the bank in the upper

lzyer of the walter (down to 10cam from the surface) where the water was

0.3--0.6 m deep and where flow rate at the surface was C.25--0.5 m/cec. In
general, the prevailing flow rates in the spawning and rearing reaches are

0e3--1.0-=1.5 m/sec and the prevailing depths are 0,2—~O¢8~~jq2 m, but under-
yearlings and parr arve scretines also found at lesser depths, as little as 10 om
in the Tuba in the summer of 1963, a yesr vhen there was little water. A .
similay distribution of young hos been observed by Go Ge Gallkin (1993) in the
Salatsa River.
We should pause to consider the role of lakes in the basins of the
spavning riverstand their effect on the recgime and value of the spawning 1né
re&ring reaches. The quality of a spawning river is determined by the
»stability of the water regime, by the possibility of siiting, by conditions for /b8/
the existence of predatofs end worthless fishes and by their abundance, by
feeding conditions etc.; all these factors are related to the existence of .
‘lakes in the river basin. |
Seasonal and annual fluctuations of level, thch arelfespdnsible for
alteration in the size of the spawning and rearing'areaé, are the most .

. . . - . oo 3, ty
important characteristics. In years when there is little water the water

content may play a decisive role, since the freezlnv of the redds in thé winter

and the drying out of the rapids in the summer lead to the formetion of weak ™
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. year-classes. Wre oiovility of level i increascd with increase in the size
of the river ond in Lre =iio of lake suriace to drainage area. The water-
level regive ds mest Trveuratle dn the sravning grounds in the Syspsya (ratio

of lake surface to dr-irs~e area 20.0 7)), the Shuya (below Take Vagat, 11.%~-

s

~--=10.3 &), the Lower iizhna (1¢.h %) and. the Vema (8.5 %).  However, in the

cut comrietely (on wnusval whenomrenon fo1 our

rivers), owing to the incovyect use vhich is made of the dams (Kedrozerskaya

view of the interests of

k]

the fish industry.

and Vanskaya) Iro:
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Pire S Fazha, Rabii rapid. Exarmple of bottom material in a spawning
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The extent of the effect of water content as a factor is not the
came in rivers of diffecent size and different nalural regulation. In small

rivers with a slight lake area the river bed sometimes dries out completely in

the reaches of rapids in years when there is little water. Not only does this

. maite the rapids unsuitable as a habitat for the young, which are obliged to.
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Fifpe O Relationship between the area of rapids and water content. A)
tne sumsa in a year of little water (1960)3 B) ina year of plenty of water

(1962). Both photographs were taken in the first decade of Auvgust.
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rove into the pools, but it elso increases theiy mortality and even leads

to mass mortality (e.g. in the BElgamka, according to information from
ques thﬂﬁaer)). In directly rervlated rivers of average size (Fyal'ma,
Kumsa) the wrea of rapids may be practicinTy halved in years when there is

little water by comparison with the area in years when there is plenty of
water (fig. 6); In 1arge civers with a high ratio of lake surface to
drainage area tﬁe-reductlon in the are f the vapids in years when there is
little water is relatively slight: probebly no more than 20--25 %.

Another positive result of the existence of lakes through which the
river flows is that plankton is carried out, thereby incrcasing the feeding
capacity of the river.

Among the nepgative results we should include increased turbidity,
silting and an increase in the pressure of predators. . Thq spavning grounds
situated below shallow lakes wnich are readily subjected to wind mixing (Lake
Kandasovskoe on the Shuya, the upper leakes on the Vama and to a lesser extent
the spawning grounds of the Tuba) are in an unfavourable position in relation
to silting. In the period between the commencement of salmon spawniné and
the freezing of the lakes autumn gales cause silting of the spawning grounds,
which undoubtedly affectsthe incubation of the eggs and their survival and may
subsequently make the emergence of the larvae from the nest mounds more
difficulta. The high turbidity in the swmmer hinde;s the young salmon in the
search for food, since the fingerlings are mainly guided by sight in taking
food.

The extent of the effect of enemies on young salmon is determined
both by the relative abundance of predator and prey and by the huntlng

conditions of the predatory fishes, which areinfluenced by the mutual

750/
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disposition of lekes and sravning grounds in thé river begin, by the develop-

and by owstruction of the river bed. The ebundance

ot
=
9
=

ment of acuatic vegelati
of the piﬁe iz increased in rivers on which there are many lakes through which
the river {lous. The rnike concentrate cround the inflow and outflow (vhere
there are ncrrmally beds of water vlests) end tie nredator forms a barrier for
suolts migraiiﬁg downsfream tarough the lakes. In this respect the spawning

grounds of ths

(urisa, have a considsrable advantage over those of the Lizhma

fe)

=

(which is very similer to the Kumsa with respect to overall characteristics):

the spawning grounds in the Xumss are lacated helow the

(3 had

e5 and the abundsace

of the pike in the river is very low owing to the lack of snitable spawning
grounds for it.  Another advantage of the Humsa is that the location of the
spawning grounds in a comupact group in the iower reaches of the river greatly
facilitates the carvying out of imnrovenent and conservation works and fish
mansgoenent «

To sum up, it mey be said that of rivers which are equal in the area
of the spavming grounds and in water content, the best for reproduction of the
salmon are rivers in which the spawning grounds are cpﬁcentrated nearer the
mouth and lie oonsiderab;y below the lakes through which the river flows.

In this case the regulating effect of the lakes is felt, the éonsumption of
downstream migrants by leke predators is excluded, the feeding capacity of the
river is increased by vlankton carried out of the lakes, the possibility that
the spavning grounds moy be silted as a result of wind mixing in the lakes is’
reduced and, finally, inspection and positive active intervention by man in the

reproduction of the salmon is facilitated.

VI. Principles for the Assessment of Spawning Rivers

and Their Reoroductive Value.




.

- ‘77}...

the role of any river in the re-

production of tho salmon, will usually be encountered owing to the
lack of a genecrally accepted criterion, 2s is cvident from the extensive

literature on ths salvon. Nevertheless, assessment of vevroductive capacit
3

is of practical inportance cince it is reproductive capacity which should be

the guiding ;r1gc1r70 in the sélection of rivers for dmprovement works and fish

managenent; the return on the czpital investment is dependent on the corvect-

nesa of the choice.

o
X

The generally correct rrinciple of asscssment of the importance o:
the rivers in relation to size is inapplicable given their present state and
the nature of thelr use. Gradients and the quantity of rapids are an
indication of the nsture of a river, but they do not give an idea of its re-~
productive capacity, which is Gopcnﬂont on the existence of suitable hotton
materials, aﬁd this connot be established without a detailed investigation of
the river. The quality of the spawning avd growth regions, i.e. their re-
productive value, is &ependeﬁt en a conbinatlon of many factors whose effect
cannot be quantitativély evaluated. a

What 1s therefcre needed for s comparison of the conditions of re-

_oduction in different rivers, in addition to the general considerationsset
out at the end of the last section, is an objective index which provides an
overall evaluation of the productivity of a unit of.the spavwning and érowth
area. The gross return of adult fish per hectare of the spawning and growth
area may provide such an index.

The information on catches needed for the calculation of this index

is not always available, especially for rivers from which the salmon hss long

disappeared. But even alt present the statistics are a poor reflexion of the




‘criterion for assessment of the importance of a river in the absence of an /52/

o Lo

real cotches, uhilch are.invariably considerably hipher than those recorded.
In the case of large-scale catching of the feeding saluon (os-has occurred in
Lake Onega) cétches in the rivers give a very avpnroximate indication of the
role of most of them in the total balance. It is sometires comaletély
impossible to decide to which stock the catches should be ascribed. Fox
example,; the selmoﬁ caught in the autumn around Saloostrov ray belong to the
stocks of the I'yal'ma, Tubka, lemina, Nursa and yossibly other rivers, whereas
there is ovgenized salmon fishing and recording of thé catches in this region
orly in the Fyal'ma. Sindlar doubt arises with respect to the salmon from
the reglon of Besov Nos, which may be inhabited by the Andoma salmon in
addition to the Vodla salmon. |

The present catches are, ss a rule, a consequence of the state of
the rivers, which has been altered as & result of their use. These calches
cannot therefore be used to assess the potentiglitieso Hovever, an
alteration of catches is not invariaply due to an alteraticn of abundence as
is shown, for example, by the Pyal'ma, wiere the fishing rate has been sharply

reduced since 1961. It is clear that caltches alone cannot be a reliable

[

.

idea of the alteration in the size of the stocks.
When there is more or less reliable information both on catches

(vhich peflect abundance).and on the spawning and growth area, simultaneous

use of both indices will yield the best charactegization of the reproductive
value of the river.  Then, affer indices of the relative groés return have
been obtained for rivers of various nature, we shall be able to make an

assessment by analogy of other rivers of a similar type for which there is no

information on catches.

74T BN UL LA MR A M Y PN D A it




The prowih rate of younp salnon in rivers of various nature may

9

also be used zs an index for assescment, but its value is lower since the

consequences of differcnces in the populetion density of the young way over-

“

lap differences in the nroductivity of the rivers. ioreover, it tskes far
mo%e expenditure of labour and tine to obtain satisfactory data in this case
and this is something wiilch is far from invariably possible.

The information on the abundance of stocks needed for asssssment
of the reproduétivc potentiality of the rivers was determined from the
maxirur catches. Such an avproach seéws completely corvect, since the
maxirman sbundance should approximate to some extent to the abundance wnich the

stocks had before the conditions of reproduction in the rivers were altered.

The presenlt mean sbundance was calculated at the same time.

The maxdirmm return ver 1 ha of the spawning and growth srea was

20 fish or worce in the Vodla, 25--27 in the Shuya, 35--47 and 45--50 iu the
Suné, 60--75 in the Pyalt'ma and, lastly, 200 fish or more in the Lizhma; the
mean return was 19 fish/ha for the Shuya and 37 for the Pyal'ma. Unfortunately,
it is impossible to make a comparison with other basins, since there are no
suéh‘estimates for them.

The number of dovnstream migrarts may be calculated from the return
of mature fish. When allowance is made for the coefficicents of natural
mortality in the river period, which are known for the Atlantic salmon, this

“yields the number of yparr and, finally, their pdpulation density.

Lccording to the data of Swedish investigafors (Carlin, 1955, 1964),
the return of the Baltic salmon from smolts reached 150 7==17e3~~37.6 % and even
b1.4 9% in some instances and was on average no less than 10--12 %¥.  There is

every reason to expect that the survival of the lalke salmon cover the feeding

period will be no lower than that of the salwon in the sea. The population
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density of the pzrr was therefore calculzated for a return of 110 %, separate~
. ly for the maximum and mean abundance.

According to the caleulations of N. F. Nikiforov (1959a), the

mortality of varr at en age of 4+ and older should not exceed 16 ¢ & vear on
i J & - o

Tage. lorctality in earlier stages hes been established by the experiments
of MeCrimaon, (1654) and wes found to be 30 % for the age from O+ to 1+ and on /5%
averzpe (three exveriments) 87 % for the stages from the larva to the under-

vearling O+; overall mortality by the spring of the third vear was 97 % of
These date erable us to reconstruct not only the quantity of parr,
but also the initiasl cuantity of eggs from the quantity of smolts (fig. 7).

Since the ratic of downstream migrants 2+ and 3+ years old in our salmon is on

average 67 : 33, the quantity of varr (1 and 2 vears old ~~ 1. and 2.) needed /5h/
. to obtzin a definite rumber of downstreanm migrants (I) a‘.o*ﬂ d areced the mumber

of the latter by approximetely 1.6 times (1.64 N); the quantity of larvae
should amount to approximztely 15 N and of eggs to 150 N.
The latter circumstance signifies that if mortality over the feeding

period is approximately 90 % of the initial quantity of downstream migrants

(which is on average apuroximately so in the Atlantic salmon according to the
[&] e

'resultu of tagging), the return of mature fish per pair of spawners will be

- fish, or 1 : 1.5--1 1 2 vwhen fecundity is 5000 eggs and 6-~7 fish, or

13 351 %+ 5 when Tecundity is 10 000 eggs.
The mean ratio of spawners and return calculated by us from the data
of V. V. Azbelev and B. I. Shuster (1965) for the Atlantic salmon of the Kola

Peninsula was 1 : 2.5 (average over 14 years) for the stock of the Tuloma River

and 1 : 2.7 (average over 11 years) for the stock of the Kolvitsa River.
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Lee o Survival of the salmon by stages of the river period. Snolts =
2eetBae = 0,67 N+0:3% N =N5  parr == Tet1o+2.20.79 N+0.46 N+0.39 N=1.64 N |
larvae == 0et0,=9.3 N+5.4 N=1ho7 N3 eggs ~- 0+0=93 W54 N=147 N3 4 -n : |

v

mortality.  Explanation in text.

The fecundity of the Kola salmon lies in the range 5--10 thousand eggs, i.e.

the calculated ratios are in good agreement with those actually observed,
This signifies that the mean value of 90 % for mortality over the embryonic

. veriod estavlished by N. D. Nikiforov is not overstated, since mortality in
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the. subsequent stages has been experimentally determined and is confirmed by
~the practice of the artificial rearing of young salmon.
A7

A quantity of parr should be sevarately calculated for the sypring
} R E B

(1e~~2.) and for the auvtumn (O+--2+), and the populstion density shouvld be

]

caleuleted without the smolts which leave the river in the spring. Toward
the autumn ths number of fingerlings and their densilty are aprnroximately

~ f) v E ey
doubled by the arrival of underyearlings (1.47 N). It may naturally be

conceded that the mortality of parr 1+ and 2+ over the summer will not exceed
the mortality over the remainder of the year, i.e. will not be more than 7 %

of the 15 & Tor the vhole year. Therefore, the number of fingeriings (O+) +

The maximus calculated population density for the avtumn with a

10 ¢ return vas 17w ger 1 fingerling in the Vedla, 12-~13 in the Shuya,

o

P==10 and 5.5--7.5 in the Suna, 5.5-~4.5 in the Pyal'ma and 1.7 in the Lizhma;

n

. . ; o . \ \ 2 .
the mean density vas 18 1~ ver Fingerling for the Shuye and 9 m”~ for the

I &

Fyal'ma. The density of fingerlings obsarved in the Fyal'mwa in its lower

rapids between 190% and 1965 was around the mean esteblished for this river

~

"by calculation, apvroximetely 10 m2 per fingerling. Density is far less in
all the other rivers (apart from the Tuba). In the Nemina, for example, there
are hundreds of square metres per fingerling; as a result of the practically
complete disappearance of the stock salmon fingerlings are extrenely rare-in
tnis river. It was only in the Tuba,.in the Velikii kemen' rapids that we
were able to observe a high fingerling density, no more than 2 m2 per finger-
ling, in August--September 1563--1964. iowéver, the density had decreased
perceptibly in 1965, most probably because of the effects'of uncontrolled

removal (the catching of spawners in the autumn of 1963 and 1964 and the wide-

/55/
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spread practice of catching young salmon), since due attention was not vaid to

the conservation cf the river.

‘Fublished data maske it possible to compare the rivers in the basin
of Lake Onega with other rivers with respect to the population density of
fingerlings. In the Atlantic salmon spawning grounds in the upper reaches of

N . C 2 . . . :
the Pechora there is on average approximately 9 m~ per fingerling in the second

half of the surmper in places vhere the concentration of fish is greatest

(Vliadinirskays, 1957).

According to the results of an investigation of 11 rivers in the
rrovince of MNew Brunswick, there are apvroximately 1.4 m per parr (between
C+ ond 2+) in Canadian rivers (Elson and Kerswill, 1964).

There is at least 1 young salmon, including undervearlings, per 1
n°  in the Davgava (Lishev and Rimsh , 1961).  According to the observations
of A. R Mitare (1962), the concentration of underyearlings'anq vearlings (not
counklﬁg.other fishes) reached Q.74 m? per fish in the Daugava in September
19€C.

This comparison indicates thai the spawningAénd growth areas in the
basin of Lake Oncga aré very little vtilized. The cause of this is the émall
nunber of fish spawning, ﬁot to mention those instances in which nigration to
the spawning grounds is completely excluded.

This raises the question of thé number of spawners per heclare which
should be regarded as the optimum. It has been established from the mean
abundance and from the structure of the stocks in the Shuya and the Pyal'ma

that the mean density of egg laying in these rivers is 5 eggs per 1 ma. This

density cannot be regarded as high, since with a wastage of 90 % 1 larva per

2 1® will vemain by the spring, and the density of the fingerlings (Or--2+) will

N

. , . . . 2
not subsequently exceed 9.5 m” per fish. To obtain a density of 1 m™ per

LI A
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Tingerling 50 egps per 1 m~ would be needed or 200 m

paiy of spawners at a fecundity of 10 000 eggs.

of spavning ground per

In the absence of a salmon hatchery in Lake Onega the only way of

increasing the abundance of the salmon and salmon catches is to intensify the

utilizstion of the spawning and growth ereas. Technical and biotic improve-

ment (the elimination of enewmies and commetitors), which it is easier to carry

out in medivm and small rivers, may pley a large role

in increasing their

yroductivity. The ideal sclution would, of course, be to combine these

operations with artificial proyagation, in perticular

with the introduction of

hatchery young into growth areas which are becoming depopulated or are weakly

porulated, which would accelerate the formaticon of stocks of high abundance.

In relation to the stock of the Shuya, where there is

desireble that in order to impedve the utilization of

he fixed of one figh Jeb through to every fisn caught

overfishing, it is
the areas a auota should

and also that protection

of the river sgainst wncontrollable removals should be intensified.

e importance of a river to the salmon fishery and its potential

value are determined at the present time not so much by its size as by the

nature and intensity of its utilization. The role of mediwm and small rivers

in the.reproduction of salmonids is therefore increased, especially after

" lopgging is discontinued in these rivers and they can become fully available

to the fish industry. It is quite possible that the

improvement and

cultivation of these rivers (for example, salmon monoculture) will so increase

their productivity as to make it possible largely to compensate the lost part

of the resources of spawning grounds.
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Chapter 3

© COMPARATIVE DESCRITFTICHN CF THOD SALMON STOCES OF

The I.ife Cvecle of the Salwon.

-
"

The life cycle of the salmon of the Onega population has some
distinctive feziures. Firstly, in contrast to the Ladoga salmon
(8zbunaev, 19%6), no form similar to the hiemal race in the Atlantic salm
ras e en discovered. Also absent ave the stages found in the Ladoga
pooulation of grilse and especially pre-grilse or post-smolt, in which return
to the rivers end spewning occur at a duration of the feeding (marine) period
ox roa;\thVH]v Toand O, It is interasting that th rre~grilse stage found
in males and described by Ssunders and H cnderson (1965) is not known for the
rivers ‘of Canada and the basin of the Arctic Ccean, is extremely rare in the
rivers of Newfoundland (three autﬂ\ﬁlléabgd cases in LhL Little Codroy River
cited by Saunders and.Henderson, 1965) and in the Bait1c (one male in the
Lagen River (Sweden) cited by Carlin,(1955), but is fairly common in British
-rivers (Richardson, 18%6; Day, 1884; Hutton, 1949; Shearer, 1963).

It has been found on the basis of long~term observations on different
stocks that the predominant duration of the river period is two years -- in
66 % of fish. Downstream migrants 3 years old comprise approximately 3% %
and the downstream migration takes place at b yeafs old in no more than 1 %.
No fish have been found for which the durgtion of the river period is 1 year or
5 years.

The feeding veriod in the recruits (fish maturing for the first time

which are the recruitment of the spawning stock) lasts for no less than 4 years



and no more then 9 and is 5--6 years for the majority. The percen ,ace ratio

{n
pas
o]
o]
~
9]

of the age groups varies in different s ard in different years, as will

be stated in greater detall below.
Growth in the year of the spawming ripration is enoountereé very
rarely and as an exception. Fish entering the river have a completed annual
mone even if the migration is not in the spring bul in the autumn (Pyal'ma).
The exnlanation for this may he found in the behaviour of the fish. The
almon remains in the estuarine zone of the Pyal'ma throughout the summer, but
is unable to enter the river owing to the low level. when in the estuard

&l

zone it does not feed, i.e. it behaves like

m

fish which has already entered
the river and is keeping to & pool.

Fenales account for at leaét‘ﬁ/} of the adult pzrt of the spawning
e lack of larce males is made good by thelr duarf substitutes which
are procent dn oxcess in the rapids durdng the spawaing period.

It is provable that dwarf males are able to take part in spavoing
more than once. G. V. Hikol'skii (Hikol'skii et ale, 1947) tells of a duarf
male S5+ years old which had a spawning mark on the scales, i.e. which had
spavwned in the previous year. However, this erovsion could have been au)ed by
an epithelioma, which is a common occurrence for the Pechora (Vladimirskaya,

195 7) Ve have found fish with destruction on two river zones in succession

- - N . v 13 s ~ -
It is impossible to infer for certain from this erosion that spawning hgd taken

place in the vast, although epithelioma is also to be found in dwarf males.

This consideration, naturally, in no way rules out the possibility that dwarf
rales mway spawn twice or even three times (for example, successively at an age
of T+, 24+ and 3+).

For reasons which are unclear the post-spewning mortality of spawned

salmon leaving the river is slight in cemparison to that of the salmon in the




sea.  Although the proportion of the carry~over, i.e. Tishes spawning
repeatedly, is governed in the firsﬁ instance bj the fishing rate, it is
difficult to explain a high percentage of carry-over solely by '‘weak!
exploitation. Tish with 2 and 3 spawning wmarks and even with 5, i.e. fish
coming to spawn for the 6th time, have been found among the carry-over.
Hovever, the CarryQOVGr may disappear completely in the case of heavy over-
fishing. V. B. Sabunaev (1956) also concludes on the basis of observations of
the salmon of the Vucksa River (lake Ledoga) that post-spawning mortality is
very slight.

The type of population (as defined by Monastyrskii, 1953) is not a
stable entity- Depending on the rate of rgmoval and possibly on the conditions
determining post-spzwning mortality (for example, on distinctive features of the.
regine of the rivers), a porulalion will belong either to the second type, with
a considerable vroncrtion of carrjmover, or may be converted to the first tyne,
in which the spawning stock consists almost entirely of fecruits alone. The
third type is poszible in vprinciple, bubt only as a rare exception at the present

time, only when Ffishing has been neglected for a long time, as for example in

N '

“the Kuito lakes, where the carry-over is a half of the stock and includes old

Tish which have spawned several times (4. F. Swirnov, 1965).

The lake salmon, which should be regarded as an adaptive relict, has
very effective adaptive capabili"ﬁies= High adeptationel plasticity is
characteristic for all salmonids (Gerbiltskii, 1961, 1965), but among this

family it is evidently only mewbers of the genera Salmo and Oncorhynchus which

are most eurybiontic and which possess the most perfectéd adaptational mechanisms
by means of which they maintain their numbers when the conditions of re-
production worsen. Tf there has long been an almost universal reduction in the

abundance of the salmon, what is responsible for this is not its biology, but its

/59%/
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extremely high value, which creates the desire to over-exploit all the fish,
.‘ » dml also those fundamental and frequently irreversible changes in the state
of rivers which have acconpaniec the settlement and industrialization.of un-
inhabited territories with their untouched wild life.
It may be stated confidently TLuL were the life cycle of Salmo to
be simpler and were the "reserve of strength' to be lower, these fish would
ago»ﬁave disappeared as a enecies. Dcublé bonds play a special role in
”strengthening“‘the cycle: dvarf males waich successfnlly replace adult fish

in the spawvning grounds and repezted spawning which is not found in salnon of

the genus Cncorhynchus.  The distinctive features of the 1life cycle in the

cenis Salwo therefore ensure its species ''protection in time" (Baksntanskii,

1967), i.e. they enable even very small vonulations and stocks to exist.
The life cycle of the salmon {alls naturelly into five periods which

. include individual stanzas of ontogeny (in a slightly different sense to that
of Vasnetsov, 1953 and llikol'skii, 1965). The stanzas.’ consigty in their tura

of stages, the study and isolation of which is far from complete both in the
salmon and in other fishes, as is evident from the literature on embryology,

ohysiology and histologye. The periods and stangas are as follows.

I. River period, from fertilization of the egg to the downstream migrants.
Stanzas:
1) embryonic,
2) larval,
3) fingerling (underyearlings, parr),
3a) "neotenic" (dwarf meles),
L) downstream migrants (smolts).
‘ IL. Feeding period (= stanza 5), from the smolt to commencement of the spawn-

ing migration.




Qs

. \)) -

TIT. Breeding neriod.
Stanzas
6) migratory,

3

7) spavning. These stanzas are understood in the sense in which

~

‘hey are defined by A. Y. Smirnov (1965), but the boundary of
the period has been shifted: it is more logical to transfer the

vost-spawning downstream migration (downstream-nmigrant stanza) to

the following weriod,

o) downstream-uigrant,

9) additional feeding, vhich is not identical to ithe feeding period,
since the state of the orgeniocm is different and the rates of
v different and arve very high iun fish which
have spavned and left the river.
V. ?eriod of natural mortality (= Stanza 10) . The old fish finally &ie from

gsenility and exhaustion of the organism after severaj spawnings, either
immedintely in the spawning grounds or during the post-spevining dovm-~

stream migration.

The greatest mortality in the course of ontogeny is connected with
the times of transition from one stanza to snother, j.ec. at vulnerable monents
in the reconstruction of the organism and alteration in ecological requirements.

The gredtest relative mortality is noted in the course of the embryonic stanza,
on transition from the la rva1>to the fingerling stanza and from the downstream-
migrant stanza to the feeding period: in the first two instances it may reach
practicaily a0 % (McCrimmon, 1954; Wikiforov, 195%9a, 1959b), and in the third

80 % (Parker, 1965).
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If the life cycle of the salwmon is depicted in a diagram, the
"double bonds', to which reference has been made, which increase the viability

of the swnecies, are revealed with greater clarity (fig. &).
Es b 2]

S

Resistance to -commercial loading, to excessive removal, is ircreased

~

in populations with a longer life cycle in which the spavning stocks are formed

f"‘

from fish of several year-classes, the number of which is greater, the longer
is the cycle. Differences in the time at which thé recruits reach maturity
also have a oroothing influence. . For this reason several weak ‘gencrations

in succession may still not lead to a cataatro;ﬁic reauction of the population.
""herefore, considerable inertia is a feature of the population dynanics of the

salmon.  Hovever, this inertia slso includes a negative proverty: increase in

the abundance of the adult pzrt of the vopulation vwhen conditions boecome

favourable will he egually slow.
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Fig. 8. Diagram of the life cycle of the salmon. Roman numerals - periods
in the life cycle; arabic numerals ~- stanzas. See the text for

explanatiocn.



Keyed on figure: A Dvarf meles -- first spawning B, Up to 5 times,

females and males  C. Second spavning  D. Generations.

This should be borne in mind, since the life cycle in the Cnega
salmon is apvarently the longest of the cycles in the populetions lnown to us.
Succegsion of generations in the Cnego vopulation takes plece orn averase only
at intervals of G-~10 years. It is after such a period that the effzct of
return will be obtained if the spawning rivers are improved. However, the
return will be accelerated ia hatchery rearing ﬁhich reduces the river veriod.
The selection for fish brescding of stocks with a shorter cycle and tﬁa
zelection of spawners in relafion to grovth fate and the rate of meturation
would eppecr to be a prowising awproach which wight significantly increase the

~

effectiveness ol

ehione
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I¥. Habitats of the Ezxlmone. :

In the river. A general description of the rivers as a habitat of

?he salmon has been given in the previous chapter.."ﬂére we shall discuss the
distribution and behaviour of the salwon.

During the period spent in the river before spawning the adult fish
remain in pools and when the weather is hot they emerge into the fastér current,
in the rapids. In rivers wvhich do not have deep pools and in which the rapids
are greatly shallowed in the summer instances have been observed of spawners
burying their head in beds of water plents, apparently in search of shade. The

probeble reason is excessive insolation (not only overheating as such), which

was shown long ago to have an inhibiting effect, at all events on the young

(Davis, 1946).

Fish which have spawned and which do not succeed in migralting down-
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stream before the river freezes over probahly spend the winter in pools or
above the rarids; since ice jamé would make their presence in. the rapids
unthinkable.

The habitats of the young alter with age. During the period
spent in the river young salmon form small schools (between 10 and 3 fish)
on only two ocoasibns, ie.e. after emerging from the nest mound before
dispersal over the "fishing areas' and at the tine of downstream migration
of the smolis. At these times the young have the least chance of concealing
themselves when a predator attacks. Schooling'is evidently a protective
adaptation in these instances, the role c¢f which is regarded as proved for
other fishes (Redakov, 1961; INikol'skii, 1965)=

On emerging from the nest mounds the young remain during the
second and third decades of June in swmall schoole close in to the banle in the
upper lever of the water (0--10 cu). e current is uniform in such ploces,
{lov rate does not exceed 0.25--0.5 ryYsec, and the hottem is frequently silted.
s are solitary. Although they are to be found not far

In August underyearlin

o
(=0

from the bank at this time, it is now in places wilth a more lively current and

~ *

gentle nicks. In the Tuba Eiver underyearl:nga and older parr were found at
the time of the summer low water (August 1063 and 1964) al a minimum depth of
10 cmy i.e. close to the bank. Profuse development of water moss was noted in
the river; the lingerlings may possibly have taken refuge from the bright sun
Vbeneath the clumps of moss. According to the observations of li. I,
Vliadimirskaya (1957), fingerlings avoided remaining around vegetation.

Older parr are to be found all over the river bed, but for preference
at greater depths and where the current is stronger than in the case of undef-
yearlings. The largest are to be found in the current where it is livelier.

In places where the bottem is wneven the parr are usually to be

.t X g T " - LT TS VIR sa9A I ST v 28
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Tound on top of a stone; apparently with the abdomen resting on it, In

other instances the fish lie slightly curled to the side of a stone,

completely motionless, in such a position that the current presses them against
the stone. Some newly tagged and released small fish also behaved in this
menner.

Tn places with a level bottom of shingle and gravel the parr take

up positicn approximately in the centre of an area with a rgdius of approximate-

1y 05 m with a devression of the bottom in the middle; it is from here that
the fish mskes sorties after food. If frightened, it.departs 2lmost in-
varighly sideways and downward, but returns to its position after some time.

As has been noted by many investigators (McCri@mon, 195k
Vledimirskaya, 1957; Saunders and‘Gée, 1964) , parr everywhere reveal omazing
constancy of association with one place throughout the summer. In our
experiments on the Fyal'ua tagge& pary vere not found more than 50 w from the
point of release for a month (September} after release. Young grayiing of
the same age are everywhere found accompanying salmon fingerlings during the
sumrer. )

In the fall, in late September--early chober, the fingerliﬁgs
leave the ravids and it is difficult to find sexually immature parr in the
rapids. Only dwarf males, vhich have already reached stage V of maturity by
around September 10 (Pyal'ma) are found in the rapids. Duarf males assemble
~in the spawning grounds before the mature fish appear.

Although tﬂe wintering localities of the young are unknown, they
should be pools,-since the chances of the survival of fish in the rapids would
be slight during £he period of ice jams. - It is possible that this migration

should be regarded as a protective adaptation. There is no information

concerning the behaviour of the young during wintering and the spring ice run.
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After wintering, thoe fish enter the opening rapids in the second

half of April, as may be assessed from whal hapvened when the Vama dam was

-

closed at this time; salmon erlines were lett behind on the drained bed
$ i

of the river. A yearling (length as delined by Smitt -- ac 7.1 om, weight

[

3.8 g) was taken by net in the Syapsya in the Terva-koski rapid on April 29,
1961, In Anril--HMHay the young advance upstrean an@ in so doing occugy
localiéies vhere spavniong has not taken place.  Thus, the rapids of the upger
part of the Vems, where spawning has beconme impossible owing to the regime of

the dam, are occupicd every smring. The fingerlings may also enter small

tributaries. In the Shuya they enter a stream which flows into the

Yumanishki spawning repid; to judge by the catches of "amateur'" fishermen, the
concentration of fingeilings in the a%réam is ultimately véry high.

Smolts and silvery parr anppesr in the lower reaches of the rivers at
the end of Hay. Thelir downstream wmigration from the riyers is apparently
complete toward the middle of June, since we were not able to find them in the .
rivers after June 15. After June 2C smolis aré already to be found at some
considerable distance (more than 10 km) from the river mouths: as fér as
Khedostrov in the region of Onega around the Pyal'ma River and as far as
Besov Nos in the region around the Shala River. From the middle of June smolts
are taken in fine-mesh traps ("merezhi' and trap nets) set up in the spring to /63/
catch firstly the smelt and later the vendace. |

The weight of smolts is usually 15—~30 g, and in rare instances more.
A smolt weighing 175 g (a female, not a dwarf mele 1), which bad % complete
annuli and large growth of the bth (3+)Awas caught in the Lizhma on June 10, .
196/t; the arrangement of the sclerites in the 3rd and L4th zones was reminiscent

of that characteristic for the feeding period. . The stomach and esophagus of

the smolt were gorged with insect larvae and, despite this, it tcok the hook
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vith o lovoe niece of worm, According to stotenants by inbabitants,; these

. larpe ruolts are often found in the Lizhma. The existence of lskes in the
basin {(readvoter lakes, Lizmhmozero, Xedrozero, Tarasmozcro), wiich not only

incresse the feeding capacity of the rviver, bub may also provide a place oy
& & 3 N J

the partiel or preliminary feeding of the smolts, may be mentioned azs a

probable cause. In this respect atte 1L]Oﬂ should be paid to the local view
tuat there is a seysrate Lizhwozero salmon (like the Loke Selctskoe calmon in

Y.

the s¥stowm of the Lizhma and the Tikhtozero salmon in the system of the Pista,

Such iarge srmolts are either very rare or not found at «ll in cther
rivers ol Lzke Onega. A srolt of similar size caught in the Shula in 1964
causced astonishment among local fTishermen, since downstream migrents are small
here rnd ave found from a weight of 11 g
. - The swolts grow ravidly in the lake and their weight reaches
200~-500 g @nd possibly more by October (1958 data).
Is downstream migration into the lake in the parr stage vossible ?
Downstrean migrants eaught in the lske were either complete smolte or silvery
narr>?ith clearly showing transverse bands. We"éidﬁnot find parr in lake
catches. . V. Pishchula (1951) gives facts of the migration of under-
yearlings to the sea for. Latvian rivers and assumes on this basis that the
Baltic emlmon generally descends dowastream in the parr stage. Ve know of
only onc instance in which fishermen took a pary ("troutlet') in May 1965
around the mouth of the Pyal'ma. However, this instance is in no sense

evidence in support of the possibility of such downstream migration. The point

that when the lower syawning grounds are practically in the river mouth, as

in the Pyal'ma, parr may move into the zone around the mouth for the winter and
D y F J

. then return to the river in the spring, in-the same way as from an ordinary
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winter vpool.

In the lske. The feeding salwon is found throughout the lake'co.
with the éxcebiion of the shallowvest heavily isolated bays such as Svyatukha
and Keften'-guba, the nortuern part of Gorgkaya Bay and the northern vart of
Unitskoya Bay, where it is found extremely farely0 Mor are there salmon in -
the cliff area; in the.strait forned by Klimetskii Tsland and the mainland®
(Zhorovekaya, 1948).

The following may be added to this general description of

distribution of the salwmon over the lake. The salmon is in fach extrenely rare -

-~

in the bays listed above. A feeding sexually imdature salmon (weight 2.4 kg,
2ge »+3) with the stomach filled with bleak, was taken on June 3, 1965 in the
heavily overgrown, swanpy Matguba Bay (in the northern part of Unitskaya Bay),
yhich is a treicel bream srnavaing ground. T.ocal inhabitants state that there
have teen o Jurther two cases of salmon being caught here in the past {oral
communication from Z. No Swirnova, Kerelrybvod).

Trere are sone distinctive features to the distribution of the
salmon in the lake in the course of the year. ﬁg,sopﬁ as the ice breaks away
from the shore in the s ‘11ing the salmon move from under the ice into the opening
shore leads. They remaein close to the shore (within 100~—ZOC m) and right at
thg surface, so that the head and dorsal fin show above the water. If there is
a return novement of the ice, the salmon in shallow places are unable to move
back into deep water because, in the opinion of f hermen, they are afraid of
the noise made by the ice. As a result fish have been pressed into the shore
and have perished; this has been noted around Peschanyi and Derevyaunyi.

Althcugh approach of the salmon to the shores in the spring has been

noted in many parts of the lake, and not only in the zones around tihe mouths of

the spawning rivers, it has only been arcund Besov Nos that this approach of the

/64
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salmon bra been used for swecial and hiphly succezsful fishing. The salmon
(both migratory and feeding) does not usuxlly remain for more than 15 days
close to tﬁo shore here and is better teken from ithe beginning in finesmesh
nets (merezhi) close into the shore than in those farther out. Hore than
7 centners were caught in 7 days of fishingi(between 24 and 31 May) din 1963;
5 centners of this quaﬁtity vere taken on 3 days (May 26--28).  Tn 1962 the

catch was 18 centners, 12 centners of which were tuzken hefore May 3C. There

vas previously o cese in which 5 centners of salmon were taken in a night.

Vesteriies wnich pile uy cold water from the lske are conducive (o
this region. There vas no Tishing around Besov Nos in the suwuler since salnon
& g

1

were revely taken there.
» s By U ‘.‘..f ) - Lo
According to the observations of M. B. Zborovekaya (1648, p. 94),
. \ . y AhCn . . S e
when the watcr alonn the shores heats to zbove T4 °C the salmon move out into the

open Jclke. fn o cold svring the in for longer around the shores; until

bty Py e smem s e 5 '
the vepini-g of June.

The feeding salwon and spawhed salmon descending from the rivers feed

smelts (Veshchezerov, 19%1; Zborovskaya, 1948). In

.

o
<

at this time on spawnin
the summer the salmon feeds on the vendace and is therefore to be found where

I.

the vendace i1s found and is taken in fine-mesh fixed nets. Auturnal feeding
'cogcentrations of the salmon are sssociated with spawning concentrations of the
vendace. There is 2 close correlation between the runs of thesc fishes which
has been noted by N. N. Pushkarev (191b4a, 1914b) and V. V. Veshchezerov (1931).
Avtumn concentrations of the salmon are lknown for the regions of Brusno,
Saloostrov and Cape Petropavlovsk,

Wihen the lake is ice-free the salmon keep to the upper layer of the
water, from the surface to a depth of no more than 10 m, as has been established

o

by the age~old practice of Yigarve " fishing and rod and line fishing; "garvg M

/6
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ishing was practised until the lake froze over. In calm clear weather
' salmon may be seen sworting at the surface. The nresence of the salmon in

the upper lesyers of the water exnlains why the vendace nredominates in its
diet, vather then the sumelt, which keens to the deeper horizons. We know

nothing concerning the habitats of the stickleback, which has also been

recorded in the diet of the feeding salmon. tor do we know where the salmon
winter.
Although thne pattern ofi the scales ig slightly different in

)

different local stocks (diiferent percentage of occurrence of trensitional
zones and of epitheliomatous erosion), thesc differences are not
significant as to enable us to infer from the scales of a salmon cought in the
lake to which river stock it belongs. Admittedly, some difference which has
been noted in the structure of the transitionsl zones may possibly enzble us

d. PERRI .. Loy de ey de ) gre AP P
. te nmoke a tentative judrmme

is still in need of clsssification. Therefore, materials on the feeding salmon

~

the stocks to which tho fish telongs, but this

un _azccompanied by tagging may be used only for an overall description of the

feeding part of the entire population (uutllulon, prowth etcole

1IT. The Svawning Hicration and the Factors Affecting Tt.

It is not known how the salmon is guided in the open lake in the
search for the way to the varent river. To judge by foreign research data
(Fagerlund et al., 1963; ‘oodhead, 1963; Andersen, 1965; Sockeye salfiOhes.

1965), the salmon are guided in the sea by smell, by taste and even by

orientation by the sun, and that in the approach to the river and in the
river itself they are guided in seeking out their spawning tributary by smell
and by taste. o

. In the zone off the river mouth wheve the continuation of the river




95 -
filow can otill be traced, the run ol figh is detcrmined by the currents..
setablished by dyeing the water of rivers floving into Bristol
Bay and by obsevving the movement of the sockeye in the bay (Sockeye salmons ..
1065) . According to the observetions of V. M. Hedezhin (1954) on the
bohoviour of the Atlantic salmon in Pechora Bay, the run of the salwmon is

2

coverned. by the discharge current. Offchore winds intensify the discharge
current as a resullt of drift and this intensifies the entry of the Atlantic

salmon into the river. Conversely, 'hacking' winds deprive the fish of a

guideline, since the current is lost.

"y

B. Carlin (1955) holds similer views on the effect of the current
and the wind on the behaviour of the solmon in the zone off a river mouth.

Our observations on the movement of salmon in Pefrobavedsk Bay do
not contradict what hss been said above., On entering the bay, the salmon
definitely keevs to the current of the Shuya, which hugs the southerw shore on
leaving Solomennoe Strait (Litinskays, 1960).  Selmon traps were erected in the
past all along the southern shore of the bay. lovadays they are placed in the

inlet area on both sides of the strait, but by far the greater part of the catch

v

is-yielded by the traps along the southern shore. The largest catches here are

taken when the winds are northerly and easterly. The north wind intensifies
the discharge current and increases the entry of fish into the river. The

cast wind apparently operates in a different way: without blocking off the

“current it forces it closer to the shore in the .region of Peskov which is where

the main traps are installed. In addition, mixing causes a slight reduction
of trensparency which makes the traps less noticeable. A south wind is a
backing wind, and a west wind shifts the current away from the shore, i.e.

awvay from the traps.

In general the wind hos a strong influence on the behaviouvr of salwmon




in the arcas off river mouths.  However, this elfect is exerted mainly on
daily catches (occasionally on catches over {Omday periods) and does not alter
the general picture of the spawning run -- the number and time of the peaks.
There is o very well m'ﬂlfcsied correlation bpetween the run of the
salmon and water content. The most intensive ascent of fish into the rivers
occurs during fleods (spring and autumn); the ascent decreases as water

1

discharges are reduced and ceases entively in small and medium-sized yivers

E)

during the lovw-water period. The run may pe rencwed in such rivers in the
summer when level rises after rain (Pyalfima and Kumsa) or when there is abrupt
discharge from reservoirs (Lizhma), when salmon frowm the zone around the river
routh rush “nto the streans In Kondopoga Zay salpon enteled o stream {lowing
{rom o power staticn, the strength of which was 10 Limes greater than the
currant in the old river bed. Cuing to the oxtrerely low levels in the swurmer

L% and 1984 the obstzceles in the mouths of the Tuba and Kumsa

Rivers (com and kay-moubn bar) were insurmountable to the salnon.

ng vwater content of rivers on the time of the

i

The decisive effect of
sparming run and on the guantiity of spawners entering the rivers is referred to
by a. N. Derzhavin (1922, 195%), I. Krussel! (1962) and £. I. Sherstyuk (1958).

The connexion between the run and vater tenperutuvn has been in-

o]

adequately investigated. M. B.. Ziorovskaya (1935) noted three periods of mas
run with successively lowering intensity in the Shuya salmon. The first run,
which is the largest, coincides with a mean watnr tenperature of 7 C, tue.
middle run cccurs when temperature is 10--12°C and the thn and smallest run
occurs vhen temperature is 14°¢. -“Withiq each of these periods the run of the
salmon is reduced when there is a temporary rise in water temperature'.

Cn the other hand, P.I. Novikov (1%47), who studied the run of the

summer and autumn Atlantic salmon in the Kem' River, ‘concludes that 'no relation-

ship is to be observed between the intensity of the run and water temperature'.




Our materials do not at w»resent suffice for final conclusions.
It would apparently not be mistaken to suggest.that water temperature within
ihie normal temperature range pleys a lesser role than water content and the
wind.

The rote of advance of the salron upstream in different rivers is 767/

apparently differoﬁt and is devendent on many factors (on the remotensss of the
.spavning grouvads, on the total fall and pradients, én wvater countent, on the
existence of logging etc.). Because there have not been any direct experiments
involving tagming, the mean rate of advance may.be asgessed {rom the time of
appearance of the salmon in different veaches of the rivers.

The Vodla salnen reaches the Upper Vema (170 km.from the mouth of the

Vodla) toward the middle of July, i.c. in 2--2.5 months. In this cuse the mean

rate of ascent is 2--3 km a day wilh a rise of svyroximately 1.5 me

The Pyval'ma salion appears in the nhilaya 7 itoa in the vepion of
the sevtlement (30 km from the mouth of the Pyal'ma) approximately between the
15th and the 20th of Mey or 1C0~~15 days after comiencement of the run from the
J 2 J

Jake, Here also the nmean rate of ascent is 2--3% km per day, but the rise is
7--10 n.

According to tagging data (Tikhii, 1931c), the mean rate of ascent in

> it b} ]
the Svir' was 1--I km per day and the maxirmum rate was 8.5 ki per day ( one
instance) . In the lover reaches of the Kem', also according to tapgsing data
(Novikov, 1950), the mean rate was approximately 2.9 km wer day; similar resulis
) ’ 3 P i )
vere ylelded by tagging and by observation of the behaviour of the fish in
different reaches of the river (as in our example with the Vodla and the Fyal'ua).
¥ J

In the lower reaches of the Vyg (Gorskii, 1935) the salmon advanced 3--6 kn per

day, and in the Mezen' (Danil'chenko, 1935) it advanced 14-~19 km per day.

No more rapid advance has been recorded.

i
;
i
;
[
J
3
3
;
{




1V, vocs of Swnavmine Migrations of the Lake Onega Salmon.

The study of spavning migrations has a direct bearing on consider-
ation of the aguestion of localization. There are stable differences in the
time of the spavning. run of the Lake Onega salmon entering the diflferent rivers

-

(figs. 9--1%). This is not connected with merbership of different biological

groups, as in the salmon from the sea, in wihich there is a hiemal form and a

grilse ("tinda").

The information to be found in the literature concernirg the time
and nattern of the spawning run of the Lake Cnega salmon is.far from plentiful.
The materisl assembled by M. B. Zborovskaya (19%5, 1948) contains a table which
includes hal{ the salmon rivers (eight)gibut in which the veriodswhen the run is

intensified are not distinguished.

On the busis of M. B. Lborovskaya's table, L'« T. Novikov (1957)
" b} -

o

compiled his own tzble which, in his own words, contained "some clarifications".
Hovever, the new table contains s number of mistékes not to be found in the
;originel table: 1) the time of the mass run for Petrozavodsk Bay and the mouth
of the Shala is given as "September and the first half of October" whicﬁ does
not correspond to reality; 2) there is no mention of the autumn run in the
Fyal'ma, which was kuown long ago by N. Ya. Ozeretskovskii (1812); %) the time /68/
of the mass run for the région of the Vama danm, és for the mouth of the Shala,
is indicated as "Sephember and the first half of‘October”. In fact the salmon
appears in the upper part of the Vama from the wmiddle of July and does not
ddvance any further, but remains to spawﬁ where it is. Moreover, it is
physically incapable of covering the distance of 170 km from the mouth to the

headwaters in the time stated by P. I. Novikov..
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There follews an account of all that is known concerning the time of
the run from published data and from our own observations.

Lososinka. It is stated in the chronicle of Andred. Likhachev (1563;

' . .

cited by M. N. Pravdin, 1915) that salwmon and trout are caught throughout the
surmer in the river ("...v Lososinnitse lososi i torpa vo vse leto")a It may
apparently be considered that this reference to some extent characterizes the
time of entry into the river, since in those far-off times the bulk of the catch
in rivers was taken with racks of traps installed near the mouth. There is no

later information concerning the Lososinka; salwmon have long disappeored from

it.
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Sluvae.  An excellent descrivtion of the run was given by M. B.

. Zborovekaya (1935): "Iuree jeriods of pass run are anaually observed in the
nigrations of the salmon into PetrozavoddiBay and into the Shuya River.
These periods. do not coincide in time in different years, but are unevertheless

close. The first periced of the largest run of the salmon lasts from May

(=8

15--20 to June 5--10. The second risge in the intensity of the run is noted
D . Y

Trom June 1G--15 to June 25--July 5. /69/

hird ascent taokes place bet

tween June 30 and July 10. Single

The 1
salmon are caught in the autumn."
Cur observations of the Shuya salmon were made in years which differ-

~

ed markedly in the-size of

]

the run, in water content and in temperature

conditions. It is noteworthy that the psttern of the run remains constant on

the vhole,; as described by M. B. Zborovskaya. Tt was only in 196% that the run
. bepan ten Coys later thon ususnld ond ihat the decline in its intensity in July

was not as sharp as in wrevious vears (figs 12); the cause of this is not clear !
& Bs kY (3 b

at present, '

Sunae A cdescriviion of the salmon run when the Suna was in its

naturél state before its regulation wes given by ﬁ. I. Kozhin (1927a, pu‘227):
“"The first run of the salmon begins ilmnediately after the passage of the ice,
while the weter is still high (in the condition known locally as ''scouring"

water). According to statements by fishermen, it is small salmon weighing 3
to 5 1lbs. vhich arrive at this time. These salmon, which are known as '"Lake

Sandal" salmon are distinguished by lighter colouring.  The second run occurs

at the beginning and in the middle of June by the new calendar.

Translator's note. The reference to the new calendar means that the date
has been adjustad by the addition of 13 days to bring the Julian calendar

. into line with the Gregorian calendar. The Gregorian calendar was intro-
duced in Russia on February 1, 1918, As the date of Kozhin's paper, from
which this guotation is taken, is given as 1927, Kozhin must have been drawing
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on sources before 1918.

This run coincides with the spawning of the bleak (known locally as the

lapa'). It is larger salmon with darker colouring, known locally as the

"Suna salmon'! which run at this time. his run also lasts for 2--3% weeks;
"Lake Sandal salmon! are taken together with '“"Suna salmon’. The "L=ke
Sandal salmon' is no lenger to be found in the SUOquUG it runs. - The salnon
run subseguently continues intermittently for the whole of the swmwmer. = The
run begins to intensify at the beginning of Sevtember by the new calendar and
the third and most censiderable run takes vlace between the middle of
September andé Getover 15.  The calmon in this run are already spavning Oblmon,
since svewning is observed eround October 10--1% by the new calendar, or to be
more precise salmon with ripe eggs are cauvght. Salron ascend the Suna 13vev
to the Kivach TFalls, viich they éanwou surmount, and they nroviously cntoered
the Sendalka River in large numbers (before 1926) .4

Therefore, there were three intensity peaks to the run in the Suna,

as in the Shuya; the only diffcrence is that the third run in the Suna occur-

red considerably later, when the run had already ended in the Shuya.

>

¥, B. Zborovskaya cited observations made when the Sune had already
been reéulatedu She writes (1948): "In the greater part of the rivers (of
Lake Cnega -- Yu. S.) the main run is observed in the spring, in the month of
May .« It is only in the Suna and Lizhma Rivers that salmon are cauga£ in the

4

river mouths only in the autumn, at the end of September and in the beginning

of Cctober. In these rivers the salmon does not ascend far upstream to spawn."

According to the data of the Suna fishing station for the period from 1959 to

1962, the mipratory salmon arrived between August 20 and October 15, mainly at

/70
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Fig. 12. Intensity of the salmon run as percentages of the catch over the

season in the Shuya River (mean long-term data).
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1963 season in the Fyal'ma River.

Information from questionnzirves filled in by old ivhabitants who

fat]

vere fisherimen confirmg the statement of N. I. Kozhin concerning the scexing-

summer run which previously took place. If the spring "Leke Sandall' galmon

[o]

in Tact entered the Ssndalka and the Tivdiikae (that this was so is reported by

X. F. Kessler (1868) anda P. F. Domrachev (1929)), its disappearance after

- '

hydraulice engineering works have been carried out.is understandable since it
did not reach these spavning grounds.
Therefore, the pattern of the spawning run was initially simplified /7
(the number of peaks in the run was reduced), snd subsequently around 1962 the
Suna stock finally disappeared.
Lizhwa. The salmon now enters this river from June through October;
the main run occurs in August and the beginning of September and is strongly
affected by the operational regime of the Kedrozero dam. VWhen the dam is closed
the salmon hardly enters the river at all but remains in the zone around the
mouth.  When there is @ sharp discharge of water from the reservoir the salmon

rushes into the stream. For this reascn it is impossible to give a precise
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indication of the time when the run is at its peak.

. » ' 01ld inhabitants state that there was in the past an even earlier
run in May in which the salmon had already reached the dam in the upper part
of the Elgamka at the end of May. However, thege upper spavning grounds in

the Elgamke and the Upper Lizhma have long been practically inaccessible owing

to the obstacles produced by logging (daﬁs and obstructions). Spavining now
takes place only in the reach below the Kedrozero dam; the path to the spawning
grounds has therefore been shortened from 5C--60 km to 4 km, i.e. to

1/ 12-1/15.

Uni Amateur {ishermen caught several fish 5--6 km from the

Wresna L vas st et

mouth in September 1963 and several more in MNovember 1962, but approximatel:

A Pl 9 gl
4O km from the mouth. The time of *the run cannot be assessed from these data
and there is nco informgtion in the literature.

According Lo observations made by a ifisneries inspcctor,

e ¥, Pavlov, over several vearsy the msin . run of the salmon occurs between the
second hnalf of July and the bheginning of September. There are no published

data and no fisheries records.

.-t

Povenchanka., . M. Pushkarev (19002) has the following to state
“concerning this river: "Bven now the salmon enters the Povenchanka occaéion~
ally , beginning in July (by the_old calendar, -- Yu. S.)", and he continues:
"Up to 15 salmon are caught in the course of the sunmer...at the dam near the
savmill (in the river mouth -- Yu. S.)." As in the neighbouring Kumsa, the
run was evidently not early here.

Nemina. A number of authors give original information on the

spawning run of the salmon in this river. N. Ya. Danilevskii (1875):  “...

the run of the pike~perch...to the cnd of June to Feter's Day. At this
. time the salmon and the taimen enter the bay (Cholmuzhskaya Bay -- Yu. S.),

and subsequently the Nemena Xiver. The run of these fishes continues until

e o A L Vet LA W T N 3 7 K20 Gl e ot ik B s\ o vt
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Zverintsev (1899) "Their basis (the basis of the

-~ Yu, S.) is the spring run of the pike-perch and

-
.
=
prars
[

the salnonese..". T

Pushkarev (1900a}: "The salmon..-is also caught in

Cholruzhskaya Bay in the autumn, and in the Fewina River and in fFont of the

Cholmuzhskii Strait in considerable guantity in the spring.' V. V. Pokrovskii
(19%6G):  "™ime ran of the salmon into Cholmuzhskaya Bay also occurs in the
spring: the run begins between the first snd the 15th of Hay, is'greatest
between May 15 and June 1, and ends in September. From Cholimuzhskaya fay the

salmon ascends the Neméns Riverce.''s

According to replies to questionnaires obtained when the river vas

~

inspected in 1950, salmon are caught at ibe beginning of June and in Septenber

e

in the region of the upper svawning grounds in the tributary, the Pazha, Mo
novenent of salmon was noted in th§ sumrer;  only those fish which had renained
in tie pools sirce the srring were caugnt.

It may we concluded from the forepoing informaztion that there are
tvo peals, a svring snd an autumn peale, in the run of the salwmon into the
Nemira, and that the spring peak is the main onc.

-

II. Ya. Ozeretskovskii (1812) reports the run in the spring

and autumn: U4 fence hos been erected in the Pyal'ma River at which mony wiite-
fish, salmon and "“toryy"#* are taken in the spring and autum...'. For sone
reaéon, none of the other authors who refer in their writings to the Fyal'ma
salmon say anything about an avtumn run. It de stated in the reflerence work
"Phe Lakes of Karelia' (1959) that the run ends in July. Nevertheless, an
autumn run exists and is well known to the entire local population and not only -
to profegsional fishermen.

Karelrybvod maintsined an observation point and control nets across

the river bed on the Pyal'ma from 1958 through 1964 with interruptions.

\

* Pranglator's note. Appavently a dialect word. Not in the latest edition of
Nikol'skii: Chastnaya iXhtiologmiya (¥Mescow, 1971). Mot in Ryby SSSR.

/72/
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Adccerding to the observetions in 1063 and 1CGE, the autum ruﬁ, vhich colincides
wiﬁh a rise of level, begins fror the end of Atgust and ends by September 20;
tie bulk of the salmon run betteen September 14 and 18. In 1963 more than

100 salmon accuralated below the control nets across the river bed on

September 15 and 16. The sutumn run was weaker in 1964, vossibly owing to

chie absence of an autumn flood and the extrenely low level of the water, which
vas more charvacteristic of the summer low weter in a dry year with Little water

in the river.

o
%]
=y

The spring run las rom the beginning of Mey (dimmedistely efter the
ice run) to the middle of June; the peak is between Moy 20 and June 5 and the

scent of the river by the salmon ceases

[ar=]
-
—
D
]

run is lerger than the autumn run.

entirely at times between the goring snd autwnn runs, but may be renewed after

rein as a result of the r»ise of level. The first salron of the spring run

s T 3 N S TR N ol e IS Mesyalag & com . [N N N T et T e -
gprecr in the tridutsyy, the Shilaya Tembitsa, in the vegion of the settlement

around lay 15--20. The pattern and time of the run in the Pyal'ma are therefore

very similar to the patfern and time in the Hemina (fige 13).

Tuba. There is no published information.  Before 1964 the salmon
dwas able to ascend the river only in the spring, during the flood. The dam
dries up during the Low-vater period and the autumn rise of level is in-
sufficient to permit of the passage of the salmon, which remains below the dam

(observations in 1963 and 1964). A passage wnich was cut through the dam in

the autunn of 1964 will facilitate the passage into the river both of the salmon

and of undesirable fishes.
Vodla. Several authors give information concerning the time of the

rune. N. Ya. Danilevskii (1875): '"The pike and the salmon begin to ascend from

+

the end or from halfwzy through April (old-style calendar ~- Yu. 8.), depending

on the year. The salmon run continues throughout the summer...". N. N.
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o

Pushkarev (10007):  ™Mime Shala fishernen find the salwon in their catches from

. Fay through July'; Meoobthe firest saolwon appear’ in the Vodla in '"Nikol'skaya! /73/

week, i.e. between May 1 and 6"; "Both around Podrorozh'e and below, right to

the mouth of the Vodla Wiver, there are three reriods of fishing: the spring

(&

X

salmon catch, the sutbmn viritefish catceh and the winter burbot catch.'  Tray
nets were usually used for fishing at Podporozh'e from the end of April until
the end of hiay and salibon were taken in them with other fishes; it was mainly
vhitefish and a fev salmon wnich vere taken in the swmmer and only whitefish

and burbot in th

sy

FIN . r [ e e -
> autumne e Vo Logashev (

19%51): Whe salmon rur in the
Vodlasc.bepgins at the time when the river opens or a few days before it...'s.
Ve V. Pokrovskii and s. Fo Swmirnov (1932): VIt (the salmon -- Yu. S.) begins to
ascend the Vodla River in the snring, frequently before the lake and the lower
reaches of the river arve free of ice. The run continuves throughout May and half

. of June, after which the szlmon is uno longer taken in the river and only isolated Coy
specimens are tgken in Shala Bay. There is no sutumn run of the salmon here...'.
M. B. Zborovskaya (1935) gifes the following times for the run: start May 1--15,
mass run May 15~-20; end of run June 1--15. According to A. A, Zabolotgkii
?19}6) the peak level of catches in 1972 was between May 20 and 30.

Qur obscrvations are in full agreement with the conclusions of M.B. i

Zborovskaya. The spavming run ends in June, around the middle of the month, at
the sectibn in the mouth of the rivere. In this respect it is very similar to
the first pealk of the run in the Shuya. In the following months, down to
September, only feeding salmon are caught along the Shala shoré, vhere they are

to be found in general from the svring, from the time of approach of the smeltl

(see figs. 9--11 based on the materials of B. A. Veselov (1932) and M. B.

Zoorovskaya (1643)).

. Andova.  Original information is given only by V. V. Veshchezerov

St o ez
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(1631) Veoshelhenerov notes that there are three

shore around tie Andoua, in the syring, the

salmon £y

is a snavning run (entry into the

s
o
@
tﬁ
o
,_X

surmer and the autumn; the first o

1

le the cther two arc ascured to be Jeeding migrations. The first

3

run teakes plece from halfway through lisy and entry into the river is particularly

intensive in the firvst 7--10 days. Tn 1529 the run was recorded from Hay 29
5 i last for 15-~-30 days in the suring and

and lasted 5--0 days. Fishing used to
sutumn during the period of the run. The second run is at the beginning of June

NEL R
e

~—~ YTt must be mssumed that this migraticn is of the neture of o feeding

migration, but it is possible that some rrorortion of the salmon move directly

into tie river'. YPhe third run of the salmon, wvihich is also of

pigration, takes rlace in the auturn during the

vendave. st the oresent time, in connexion with the heavy reducticn (wince

o
e

Tate T A . it : 1 L o e N N e P oy . - N
1624) in the crrivel of the vendace Lo spawn around Cape Fetrovaviovss and

shores adjacent to it, the sutwrn run of the salmon has also disappeared.!

E

A

There nave not been any subsequent observations of the éndoma saluon.

The data obtained from the control nets set up across. the river bed by

-~

Sevzaprybvod (Leningrad) have not completely clarified the pattern of the run.

According to replies to questionnaires, there is an autumn rua in September,

which is not clearly stated by Veshchezerov, and in the autumn the salmon also

enters the tributary, the Semina. Nothing relisble is known concerning %he. /74

e

summer run.

.

2uq

Vytepra. V. V. Veshchezerov (19¢31): ",..bhetween 50 and 70 fish
were caught...around the town of Vytegra...in the spring of 1924...".  There is
no other information.

Mecra. Control nets were stretched across the river bed % km from

e vt ey

the mouth by Sevzaprybvod between liay 13 and September 25 1964.  Salmon and
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trout arrived sincly betveen ray =mnd July: the rein run was in Aucvst and the

it o a EARTA
catcn was ocn Scptesher 10. e

irest 10 of

Ity

approxirately 7 timec as many lske trout os calmon in the catch (observations
of T. T. Brzhev).
Vodlitsa.  There is no inforsction cencerning the time of the run.

Comunsrison of the tire and pattern of the salmon run in the different

.

rivers in the hasin of Lake Cnega reveals considerable similarity in some

‘_)

instances. Tha following three tyves of spawning run may be distingnished on
this basis (figs. 14, 15

1) spring vun with one peak (Vodla);

2) soring-autumn run with two peaks (Fyal'ma, emina) 3
3)  spring-autusn run with three peaks (the Shuya and, in the past, the Suna);
)y protracted sunmer-auturm run (Kumsa) .

Because there is at presert no weliable information ror the cther
rivers it is premature to accord ‘them to sry of the types, although provision-
al judgments may be exzressed.

The intensity or density of the run is»qong&cted with the type and is
dependent on the number of peaks into which the entire run is subdi vxdcd The
‘density of the run is greatest in the Vodla, followed by'the Pyal'ma, where the
peaks are gharply expressed, and then by the Shuya, which has gentler peaks.
Thus, alnost as many salmon were caught in five days in the Vodla in Moy 1927
(between May 27 and 31) as in the vhole of the following June (according to the
materials of B. A. Veselov, 1932). |

The pattern of the run is Pclateu to (or coinrcides with ?) the
location of the spawning grounds in all the rivers for which there are reliable

1

data.  This correlation is expressed in the agreement between the number of

peaks of the run and the number of groups of spavning grcunds and in a less
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expressed correlation between the tine of the run and the remotcness of the

;on"”ﬂlnp prounds. It may therefove be sugpested that the location of the

i

5

spawning grounds is the cause of the difference in the types of run in the

different viveérs.

In fact, the spavning grounds of the Vodla salwon are concentrated
in the Vodla betwéen 170 and M7 im fromlthe riouttha Mo such arrangement
exists in the other rivers and it is only in the Vodla that there is a short,
dens -spring run (first type).

In t}e Pyal'ma the main spawning grounds lie in- two groups, in the
tributary, the Zhilaya Tambitsa (between %0 and 22 km from the mouth of the
Pyalima) and in the lover reaches of the Pyal'ma itself (between 6.0 and Okt km
from the mouth). Lven here, howevér, descvite the short mig}aﬁory path, two
neaks. are clearly expressed in the run. It has been noted that the salwon of
the spring run wainly occuwpy the uprer spavning grounds, in the Zhilaya
Tambitsa, and that a few of them even ascend the Tuna, a tributary of the

ambitsa, as far as the Koda (up to 50 km from the mouth of the Pyal'ma).

Salmon of the autumn run, in which the males frequently enter the river with

runny milt, do not succeed in ascending far up the river and uvtilize the Llower

spavning grounds, beginning 400 m from the mouth.

The arrangement of spavning grounds in the Nemina is similar to
their arrangement in the Pyal'ma and there are correspondingly two peaks of -
the run -~ in the svring and in the autunn.

There used to be three groués of spawﬁing grounds in the Suna (see
the section on the location of srawning and growth areas) and three peaks to
the run; the salmon of the first run vere delinitely connected with the most

renote SPaww1n grounuu and were known as the "Lake Ssndal" salmon (Kozhin,

1927a; see above). The salmon of the last run, which entered the river with

/76/
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running sexual uvroducts, spawned in the lowest renids.
Trhere are three main grouns of spswniug grounds in the Shwya and

also three pezls to the run & nvai]v exo

¥

ressed with great constancy.
Ih the Kumsa the spauning pgrouncs are esuentially located din one

o~

group covering 13 km of the lower reach of ‘the river and there is here a
protracted surmer-autusmn run in which no sharp neaks are noted.

It is highly curious that the elimination of grouns of spavning
grounds (the upper spawning grounds in the Lizhma and the Sune) leads to a
simelification of the pattern of the run: the svring run ceased in the
Lizhma and th ving end summer runs in the Suna (before fhe stock disapneared
completely).

After the hydroelectric power station at Tgnoila had cut off the
siall upver svavning grounds in the Shuya, the salmon ceased ascending te the
urper reach of the river (above Lake Vagat), with onlﬁ isolsted instances of
vandering.

A1l this suggests that there may possibly be "small-scale

1,

Jocalization', i.e. tnat within the stock of an individual river there may be

smaller grounings assoclated with definite spavning groznduu Admittedly, it

vould be risky to assert a vriori that, for instance, "the saluon of the

"second peak is Tirmly related to the second group of spawning grounds', but

such a possibility must be conceded, esfecially because there are similer
examples for other basins. Thus, the sockeye stock in the Bystrays River
(Kamchatka) consis of four "substocks! vhich differ in spevning localitlies
and in the time of the runj instances of wandering are exceptional. The
independence of these substocks, which had wnreviously been established on the
basis of ordinary ichthyological analyses, has been confirmed by serological

analysis (Yaks and Sokolova, 1961).




This questior it of groat signiflcance and there ig no necd to

a

dcmonstrote lts tovicnlitye we know vwoal pradtical benefits have been
derived from the study of intraspecics biological groups in the Aciwenscridac
(the work of “he lsboratory of il L. Gerbil'skii).
ihe firet step tovards elucidation of this lmportant and extrewely
v

interesting cuestion should be a hroadly conceived and executed tageging of

salmon of different peaks of the run and young salvon in different spawrding

-

and growth areas, znd also the use of sensitive biolegical metheds (inrmuno-

logical, biochemical ctce).

177/

P slteration in the Struclure of the Stock dbring the

1

Bun of the Sainone.

Althoush alteration din thé structure of a stock during the run may
be an indiecation of ibs hetcrogenelty, constancy of structure is not, on the
other hand, & relisble indication to the contrary.

No significant differences in the stfucture-of the population during
the run were discovered in the Shuya from materials for the period 1959~~1965
There were slight fluctuations in the mean weight of the fish without any
definite trend; . B. Zborovskaya (1948) reached the same conclusion. The
appsrent reduction in the number of large fish (and in the progportion of
carry-over) in August is due solely to the fact that few fish ave taken at this
time and that the fluhexmen keep the best for tﬂemﬁelvesa

In the Suna, according to the data of M. T. Kozhin (1927a), salmon
from different peaks of the run differed significantly in size and colouration
(see the previous section); the spring salmon was the smallest at 3--5 lbs.

The possibility of establishing the cause has been lost now that the Suna stock

has disappeared; there arc no old records.
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Larcer sulron enter the FPrel'ma in the autuwmn then in the svpring
) . - o N[ 1 oAl . . R L
. - (zecoriing to records for 1953 and 10641 5.1-~5.3 kg as agzainst h.h-l.6 kg

(table 7). This ie due to the fact that the carry-over constitutes a grestenr

-
o
5]
1)
o
-
T
;
=

rroportion in' the autwm (un to nusther of mipgrants as apainst

o

20--30 % in the scring) and that there are more large old femeles (although

these are gsmaller than cosvel wmales); in the autumn run femsles account Tor up
o oo N re “r s . 19 . . N
to Cl-=h & s against 67 % in the spring. Thne mean weight of recruits is

the same in the spring and the autumn, 4.%--b.6 kg; their age
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Key to Table 7: Ts Table 7 2. Veight of salmon entering the Pyal'ma in

m

the spring and autumn 3. Season k. Weight, kg 5. Number of fish 6.

Weight range, kg 7. Mean weight, kg - 8. Spring 9. Autumn.

For the region around the mouth of the Vodla N. N. Pushkarev (1¢00a)

>

and li. B. Zborovskaya (1948) note a strong reduction of mean weight between the

. start of the run and July; according to Pushkarev as much as 5--7 lbs. This /78/

&a
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is due solely to the fact that after the migrating salmon enter the river
only emall sexually immature salimmon remain along the shore around Shala and
are caurht theére till September.

- The same cause vas responsible for the reduction noted by V. V.

\Q:

Veshchezersv (19%1) in the mean weight of the salmon in the Andoma region

from Z~-7 kg in May to 1.8-~2.5 kg in June; in the summer the bulk of the

salnon weighed etween 0.55 and 2.5 kg (Tikh ii, 1931a, the table on p. 11),

jee. were obViously sexually immature, since the minimum weight of adult fish

caught in the s“°Wn1pr grounds is 3 kg, according to the data of Veshchezerov

=0 O
(females 3==6 kg, nales 5 1)
In the Vioksa the -mean weight of. adult fish increases in the course
of the run Trém’ﬂpfil'fhfough October.by 2--2.5 times as a result of reduction
in the proporfibh'of‘éfilse (Sabunaev, 1956). It is impossible to use this

Fad

material or the large aliount of rat ial on salmon of different

porulations

from the s&a for purvoses of comparison because of the significantdifferences

in biologzy (grll é,;ﬁiémél‘form).

R 7 f;;;mprue—»rlne of Spawning and Behav1our of The balmon.

Published information on the time of spawning is extremely sparse

and Irﬁpmentqry "pecause no sp601al observations have been made.
' K. P. Késsler (1868): M...it does not begin spawning until the late

autum afterfﬁhe'féé£€Val of "Pokrov'...The salmon also spawns earlier in the

Povenchéhka,'&lreaajfiﬁ:ﬁhé month of September." N. I. Kozhin (1929a):
"Spawning ofithefsélmohwﬁegan in the mouth of the Suna River on October 25" (in
1927 --"ﬁuu S.)}. V. V. Veshchezerov (1931): "The spavning period lasts up to
20 daysy from éppfﬁfima%élv September 25~-27 to. Qctober 14" (in the Andoma -~

Yae 8.)» V. V. Pokrovskii and A. F. Smirnov (193%2): "Spawning of the salmon
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vas noted for the Suna in the firzt half of Cetober. It is interestine to
(o]

. note that salson kewt in the cubuzmn of 1771 in the live cortainers of the Ust'-
~-Suna natchery of the Karelion Fish Breeding 1 Stetien (KIIRS) did not

vield eggs until MNovember ¢ vas delayed for a whols

monthe The life of tne figh 1 artivity anvarently had a reterding influence
on maturation of the sizxusl Troducts in this casce.' B. 8. Lukash (15329):
"Spawning is noted in the second half of

November at a derth of apvrowimefely 1 mo..'"(in the Vama -- Yu. S.). ii. B.
Zhorovskaya (19k3): ¥Syawning of the salumon is usually observed in Cctober and

the bveginning of

under natural coaditicns Trom Ceotober 21 and was at its heignt on October 25,

"

p

bservations of fishermen, slishtly leter than in

@,
4

vhich wae, according

I

other years, since spawning begins, deverding on weather conditions, either

before Octover 14 or from Cctober 20. : ' :

The time of spawning of the salmon in different years wez as follows:
the salmon began to Opawn on Cctober 15 in the Suna in 10313 in the middle of

Cctober in the Lizhma River in 19%2; omn GOctober 20 in the Shuya River in 193533

- s "

on Cctober 15 in the Shuya River in 1936; on OctoberA13 in the Shuys River in
v 1gh6.

. Our observations in the spawniang grounds cpntribute little that is

neﬁ to clarification of the time of spawﬁing. The rate at which the water in

the river cools is dependant on the existence of lakes in the river and their

osition. Where cooling vroceeds more rapidly spawning beging slightly
ab & &£ & o N

earlier: end of September--beginning of October in the Pyal'ma and the Tuba,
middle~—-end of Cctober in the Vama and the Shuya. Attention was first drawn
to this by K. F. Keszler (13868) in relation to the Povenchanka.  In England

. spawning occurs eariier in the northern rivers than in the southern rivers

R R TR a et

foventer. Thus, in the Suna River in 1927 sveining took wolace

/7




(tie nule, 1931) .
te have the following observations in our vossession. Adult and

in the Fyal'ma and the Tuba in 1054

2,

re foun

W

dvarf males with running milt we

from Sevtemcer 8; adult

=1

ales were caught in the lske, approximetely 1 km from

the mouth of the Pyal'ma. Femzales were still in stage IV of maturity at this

time.  Smpauning occurred

stenber 20. In 196% dwarf wales in stase V
of maturity were found in the Fyal'ma from lepterber 13. Salmon were seen
sporting in the lower srawning ground of the Pyal'ma on September 30. A large

redd was found in.the Tuba on the following day at the lower end of the Velikis

rapide. There were some ten dwarf nales in stage V of maturity around

this redd (eight were caught); there were no traces of adult salmon which had
in all probability been caught by "emateur' fishermen, traces of whose activity
could 'be seen uOt. in the river and aloﬁg the banks.

Redds vere found in the Syapoya on November 1--2, ‘1960 in the Terva-
koski and Kover-porog rapids, but it is poésible that the salmon had spawned
nre viously, but that the commencement had not been noticed. Redds were noted on

~

October 18 of the seme autumn in the Lower Lizhuwa,.bul spawning was still not

nine-doys later

compléte since the salmon remained around the redds in paifﬁ,;

Vthere were no females in the spawning grounds and only'méles remained around
o ’ kY

the redds._

In the Vama in 1963 spawning was complete by November 1, only malés
repained around the redds in the rapids,vhile thé females had already leff the
spawning grounds (only one female which had laid its eégs was fouﬁd),

Salmon were kept in‘containers‘at the Suna:hatchery from the third
decade of August until the middle of September. Eggs were obtained on October

Q. . . R < -t . -
16--19 din 1959, on Octeber 18 and 27 and November 1 in 1960, on Geotober 13, 17,

20, 23 and 27 in 1961 and on October 22 in 12862, We do not know to what
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extént the maturafion of salmon in captivity lags behind natural maturation.
Redds may be located in different parts of a rapid (shallow),
including its upper and lover ends. Spawning usually tekes place at a depth
of down to 1:5 m, but a redd was found in the Vama at a depth of approki ately
2 m, According to replies to questionnaires, spawning formerly took place in

the Suna in the Vidansk rapid at a denth of 2 m and ceven deeper. Sucn a
Py £ .

depth seems very unusual and sligntly tco great. However, M. I. Vledimirskaya

(1957) notes that there were redds in the Fechora at a depth of down to 2 m, and

V. B. Sabunaev (1¢56) even says that the maximum depth for the Vuoksa is 4 m

(t). However, the majority of tﬁe fish evidently excavate their redds in the
depth range 0.5~-1.2 m, aé nay be assesseé from our not-very-extensive
observations in the rivers. The reaction of the fish to an alteration of
water'levél vhen spawning has already bégun is of interest in this respect.

At the time when spawning began in the Vama (1965)_level in-the river vas high

owing to discharge from the reservoir and the salmon therefore began to

‘excavate their redds practically along the bank. However, the discharge of
water proceeded rapidly, so that the salmon were unable to finish spawning and

were obliged to move to the middle of the river bed. = There were rows of

incomplete, essentiaily trial redds along both banks, which were found to be
at teo shallow a depth as the level fell and were therefore abandoned.

Finally, the salmon moved 5--10 m avay from the first redds and spavned at a

. depth of between 0.5--0.7 m and the very middle of the bed at down to 1.5--2.0 m.

Such behaviour of the salmon has been oﬁserved in the spawning grounds of the
Vuoksa by V. B. Sabunaev.

If the reservoir is discharged after spavning has finished, as is more
often the case in the Vama, the redds along.the banks dry outj this has been the

b a

case since the first years after construction of the dam (Lukash, 1939).

/80/
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A large number of trial redds may be a>resu1t not only of an
. alteration oj:; level, but also of unsu.itabl.e or coptaminated bottom material.
There were six trial redds in a Chéin, 1-=-2 m apart, along a crib in the
Syapsya in the Terva-koski rapid, where the shiﬁgle was mixed with bark; the
redd actually used was in the middle of the river bed 20 m higher upstream
from ‘the trial redds.
'_There is in general no consensus of opinion concerning the number of
triél redds and redds actually used which mey be excavated by a single female.
Because there sre few obserVations'(Gréeley, 10323 Hobbs, 19373 Jones and
King, 1849, 1950; Hikifbrov, 1960; Grinyuk, 1§63; Hardy, 1963), there is
inadequate basis for any categorical assertion (e.g. "one trial redd‘+ 3 redds
actually used").
"In as much as the behaviour of the fish at the time df spawning and
its choice of site for the redd are determined by fluctuations of level and
. by the quality of the spawning area, and since either may be highly varisble, _ o
it is difficult to expect an identical number of redds in all cirvcumstances. {
The suggestion of M. I. Vladimirskaya (1957) that the Atiantic salmon may
;»fxcavate between 1 and 7 reads actu&lly used seemé”qﬁite realistic in_our viewv.
There is evidence in support of this from observations abroad under natural
conditions and in experimental pondse.
' Dwarf males appear first in the spawning grounds before the adult
fish arri;e. They are eséentially in the same place where they have passed
the summer; immature parr have already departed to overwinter‘before spawning
begins.
~Although large meles comprise only 1/3 of‘the stock, and sometimes /8
even less (falling to 15 % in the autumn run in the Pyal'ma), there is no lack '

.

I ~ of males owing to the abundance of dwarf substitutes. Some of the females

N

- undoubtedly spawn with dwarf males, the more so because a single femsle is
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sometimes accompanied by several larze mzles (up to nine, according to the
observstions of Young (cited by Emitt, 129%)). It is not very prcbable that

a large male could spawn successively with several females as is usuazl in

.other smaecies of fishes, since all the knovn observations show that wmales
I L] ‘

exhibit an attachment both to = redd and to & fenzle.

When several lorge males sprroach a single female a contest takes

4]
o

place between the males in which the large is the winner. K. F. Kessler
(1864):  '...several males almost invarisbly accompany the female...they
frequently begin to fightsavagely arorzstthemselves."  Similar observations
are cited by V. B. Sabunaev (1956) and V. K. Soldatov (cited from MNovikov,
1953) . We hzve also heard tell of this from fishermen who have caught salmon
in the spawning grounds. We have not observed.scraps between large males,

but have seen a large male repelling dwarf males of which up to ten assemble

1 below the redd). On' occasion large males

5

around a redd {(they take up vositio

o

are to be seen with wounds along both sides of the body around the dorsel fin.
The explanation which fishermen offer for this is that during a scrap the

adversaries seize("bite") each other by the back with their hook-shaped curved

. RN

Javis.

While the large males are settling things amongst themselves, the

.female may spavm with a dwarf male, without waiting for the victor. The eggs

in different mounds of the same redd may therefore be fertilized by different
males. This is supported by éxperimental observations (Jones and K%ng , 1952).

In those rivers where the spawning grounds of the salmon and the

.trout coincide (see below), a dwarf male around a female may be a trout and this

" will result in hybrid progeny. Females are apparently not very selective and

may spawn in case of need with a2 large male trout, as is indicated by the
observations of ¥oung, to which reference has been made above (Young, cited by

Smitt, 1895): '...one female salmon was accompanied by nine males, which were
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all caught one after the other, and when the last had been caught, the female

th 2 lsrre male trout" (re-translated from the author's

translation into Russian, retaining the author's emphasis). Furthermore:

Most of ‘the small trout usually rewain at & respectiul distance below the redd

&

1

and seek out eggs carried down by the current, but from time to time a dwarf
male will seizme the oé;ortunity to teke rert in spavning while the partner of
the female salmon fights with a rival."

We have not succeeded in observing the actual act of spavning.
According to observations in the Lower Lizhma and. the Vama, females forsake the
spawning grounds imnediately after spawning and only wmales remain around the
redds. We have seen them in the Lizhma in the same places around their redds -
(there was a single lerge redd near each male) for two weeks after spavning,
gfter which observations were discontinued. Nenzies (1931) also states that in
practiqe'only meles may bhe caught in the rivers after spa@ning,

After spawning the males are relativély immobile and react weakly to
danger, in contrast to tﬁeir behaviour at other times. It is difficult to say
what precisely-is responsible for such a state ag@ fpf post-spawning mortality.
It may possibly be that the modification of metabolism associated with spavning
proves to be irreversible in older fish. Emaciation in the usual sense cannot
'bg the cause of their death, since ths condition and fat content are higherAin
_males than in females after spawning. Dead méles driven into the bank and
frozen into the ice have been found in many spawniﬁg grounds at the time of
formation of frazil ice; their gills and mouth were packed with frazil ice.

In contrast to males, females are extremely mobile after spavning
and move actively éway from the spéwning grounds. Many of those.who have fished
forisélmen in the post-spawning condition with harpoons state that it is véry

rarely that a female can be caught, whereas there is no difficulty in harpooning

males. It is possible that females begin to feed while still in the river.

//8 2//
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M. I. Viadimirskaya cites an instance in which the stomach of a female caught
before the end of spawning contained a half-digested dwarf male. lioy it not
be that some females behave like the pike in consuming their less elusive

vartners 7

o

The spawned fish may migrate downstream into the lake soon after
spawning, in the same attumn, in small rivers and from the lower spawning
grounds of large rivers. However, the downstream migration from the upper
spavwning grounds involves overwintering in the river, is renewed at the end of
April--beginning of May and ends by the third decade of May or at the latest in
the first decade of June. More fish apparsntly perish in downstream migration
from the upper spewning grounds than from the lower ones.

To judge by the rate of exploitation and the fairly high vercentage
of the carry-over, mortality among §pawned fish nigrating downstream is on the

whole slight. This is the cpinion of V. B. Sabunaev in relation to the Vuoksa

- salmon (Lake Ladoga).

LT - Females and males with two, three and even four spawning marks, i.e.

_the latter had come for the fifth spawnihg, have been found in the stocks of

. o T

~différent rivers in ‘the basin of Leke Onega.. The weight of such old fish does

“

not usually exceed 10 kg. However, according to the testimony of several
. ‘.J ] &

ffindividuals, a spawned salmon weighing 17 kg was harpooned in the Lizhma in 1958.

CoIf thisvis 50, it should have weighed at least 20 kg before gpavning since, as

} determined by Z. E. Tilik (1932), the loss of weight in males by the beginning

;:of spavwning is on average 14 %. It is difficult to imagine how many times this

male had come to spawn.

The largest fish measured by the author was a female which had fed

'iA:after spawning; it had two spavning marks and weighed 13 kg and its body-length

" as defined by Smitt was ac 105 cm. Fish with four spawning marks weighed between

i Emre AGE eh w3 g AP et g 4 i 3A TLe e o ek Ty o
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7 and 11 kg.

VII. The Structure of Svawning Stocks and Its. Annual Variations.

The treatment of this question is baéed on materials for the stocks
of the Shuya, the-Vodla~and‘the‘Pyal‘ma; which have beenjstudied in the
greatest detail oﬁing to their commercial importance. Materials on the still-
remaining; but smell stocks of other rivers are éo insignificant as to be
» essenéially incapable of providing any characterization; the séme applies to
materials on the now non-existent Suna salmon.

The first thing which nsy be noted in the comparison of salmon of
different stocks and of the same stock, but fer different years, is the differ-
encein éize, wnich is best reflected in the mean weight of a‘fish in a stbck
(table 8). The salmon of the Pyal'ma ‘is considerably smaller than that of the
Vodla and the Shuya.

The mean weight of a fish in a stock is determined above all by the

special features of growth, but is additionally influenced by two ratios: 1)

the ratio of the recruitment and the carry-over, since the old fish are as a rule

. R 2N

larger than the recruits (table9) and 2) the ratio of males and females in the

stock, since males are larger than females of the same age (table 10).

Fluctuations in the ratio of the recruitment and the carry-over may be

very considerable. The carry-over in the Shuya between 1959 and 1965 vas
-sﬁccessively 16.0, 19.0, 20.0, 10.7, 5.6, 31.0, and 17.0 %. _Iﬁ the Pyal'ma
between 196% and 1965 the carry—o;er wés 35.0, 37.0, and 17 %; in the Vodla
\between 1963 and 1965 it wgs 30.0,°50.0 and 35.0 %, but the possibility is not
excluded in this case that thé proportion.of the carry-over has been overstated
as a result of épitheliomatous erosion which was taken fér a spawning mérk.

This is scarcely possible in the stock of the Shuya, since such damage is hardly

/85/
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ever found on the  scales of the Shuyz salmon.

v

/ Tadanma 8
2 .
7 Cpemunit Bec ovobu B ¢TaNAN PABUBIN JeT, KI

1931 -~

2 Pewa  yqugipp.| 1848 13, fudnr, 1451 1. 14959 1. 166 1, 1861 r. 1462 p, 1863 r. 1964 r. 1965 r,

[=F] :
*fuwn . 34 (6B)s

LOSH 6.7 (199) | 6. (R8) | 6.9 (526) | 6.5 (B0M | 6.4 (140) | 5.9(200) | 6.3(250) 7 6.3 (500) | 6.0(550) | 5.8 (350)
. $ Bojaa i ~ L ) _f ) f_ ) —_— _Q - — 7.0(78) | 5.9(i11) | 5.9(92
¢ Naabva J. — — - — — — — - 4.7(233) 1 4.7 (270} | 5.0 (86}

7 Hpn.\xéq a e, ManHnie 3a 1931—1933 rr. M. D. 35oponcrolt (1ud), 3a 19481651 rr, 3. R, Tipoaoposoft (195t n w3 ordera «IIpoMEICTG-
BHEe Rapril . .», 1%:2); no IHye aa 1964—1865 rr.— ¢ NCNOIR30BANKEM MATCPH&ION HUPEIDPRGBOL (OTYETH CHEMCKOrO HXTHOJOIAYECKOro
& uyuxra); no Boaae u Hanese 3a 1931—1262 vy, xanuirx ger, IIEQDE B SROURAX ~ HUCAC RCCICAOBAHHBIX DHO, .

Key.to Table &: 1. Table 8 2. Mean weight of a fish in stocks of different
years, kg 3. River L, Shuya 5.'Vodla 6. Fyal'ma 7..N6te, VData for
1931--19%3 taken from M. B. Zborovskaye (1935), data for 1948--1951 taken from
. Z. V. Prozorova (1%51) and ffom the rejaort "Fisheries Maps.q.!", (952); materials
of Kérelr&%vod vsed for the Shuya in 1964--1965 (reports of the Onega
Ichthyological Station); no data for the Vodla dnd the Pyallma for 1931--1962.

The figures in brackets denote the number of fish. examined.
[=]

wetoo e
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‘Fiuctuations in the pfoportion of the carry;over are due primarily to /85/
alferations in the fishihg rate; but the influence of-distinctive features of the .
rivers on the post-spawning mortality of the spawned fish is not excluded;
".mortality should be iess when the 6§wnstream migration is shoft.
The proportion of the carry-over provides a good indication of
alteration in the fishing.rate in the casé of a number of year-classes of

approximately the same abundance. VWhen there are sharp fluctuations of -

. ' abunderce the use of this index may lezad to. incorrect conclusions. Thus, when
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% Becosol coOCTAB MONONHEHR X OCTATEG Bojiw B 1964 r. 1 B 1965 r.

) 3 ©“ 5 &
T Bew Ygcao | Komeba- | gpensit
pno | WA Becd, | Tpee, wr

Beeh — & =B — T —8% — S—{0—11 sr
§964 r.
T e 2 ol o] —1—|—=]i 55 |40-7.4| 557
s'ggffr”off me 1414 ?g slsisl3lii]| 49 |41—14.0] 665
1985 . .

: 3,3%— 5.43

el1z loglttia|—1—|—|| 60 {33*—78 &
:72 ggffr?fe T 15 764 a|—]| 32 {40-94| 6.7

" j§ ¥ BosuOM(ER RE3SATTONBHAN NDILICH HACyIGHOTO,

Key to Table 9: 1» Table 9 2. Weight composition of recrpitment and carry-
over inAthe Vodla in 1964 and in 1965 © 3. Weight, kg 4. Number of fish
5« Weight range, kg 6. Mean weight, kg 7. Recruitment 8. Carry-over

. 9. z.ecruﬂment 10. Carry-over 1’!,*A small admixture of feeding salmon is

possible.

the rate of e#ploitation is the same the-pr0portibn“bf the carry—over'will be

oﬁérstated vhen a strong year-class is followed a vyear later by a weak year- ‘

class aﬁd it will bg understated in the opposite case; It will therefore be

more correct to determine the abundance of the carry-over in each céée and to

relate it to the abundance of the catch in the year of the previous Spawning run.
'This-was done in estimation of the abundance of:the Shuya stéck.

The ratio of the sexes in salmon entering a river is characterized

by invariable predominance of females in 211 stocks. It was 75 % in the Vodla
in all three years of the observations (1963%--1966). It was 72 % in the

. ' Pyal'ma in 1953 and 1965 and 66 % in 1964.  The fullest information on anmual
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/8k/
/ Teaéanyga 10
% Paaephl CaMIOR 51 camor Hlys, pespyros (o marepsanam 1961 r.)
3 DBospacr y s 4'. o 7_ o e
) “(nggg‘f’e 1Ton sicao pwo - 'U"'mclif ot ,I.Lmél;; ad, Bee, wr
rOjin)
e [ 9 9 4.7 70.0 4.93
1 gd 1 T4.5 69.5 4.80
. Q¢ 48 78.3 73.5 5.40
dd 11 81.u 79.0 6.16
8 { 99 63 81.4 76.2 5.95 -
~ 33 25 87.7 82.5 6.87
9 ' Q% 24 834 71.5 6.20
1 33 10 92.0 85.25 7.170
o . 11 %@ 5 81.7 " 76.0 5.74
l dd 2 89.0 83.25 7.40
i1 .83 2 87.25 81.25 6.70
Key to Table 10: 1. Table 10 2. Size of males and females in the Shuya, :
recruits (according to 19671 materials) %. Age (years in the river and in
the lake) L. Sex 5. Wumber of fish 6. Length ac, cm 7. Length ad, cn
8. Yeight, kg
. variations in the sexual composition of the stock exists for the Shuya
(table 11).
- The comparison of stocks by the first fish to mature may be very
indicative.
On the whole the weight composition of recruits duplicates what is
characteristic for the whole stock: the salmon of the Pyal'ma is always

smaller than that of the Vodla and the Shuya (e.g. 4.59, 6.55 and 6.2 kg . - - /86/

respectively in 1963 -~ table 12).
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o ne N PR =
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GaMru o v o o 0} 70 _-36 Hl4:-2.0 614-2.3 744-3.1
OFIRTE X IR 25 (e S (HUT) ] 36 (441) 26 (200)
1 '
. ' i _ )
% 4 Ta Saunna 11 (npodosscenue)
Ion 3 1962 r. . 963 r. | 19641, 1865 1, Cpeanee §
% Caukn . .. ..| 80+25 T0+3.0 | 75+1.9 | 63-£4.3 | 70.4%1.0
S Camuet .. . . L] 20(252) a0 (23v) 25 (300) | 37(123) | 29.6

'7 Opumevanne Ouppw B CKCOHKAX — YHCTO HCCAETOBAUMMNY PBIO,

Key to Table 11: 1. Table 11 2. Sexual composition of the Shuya stock, %
3. Sex U4, Females 5. Males 6. Table 11 (continuation) 7. Note. The /85/°

figures in brackets denote the number of fish examined. 8. Mean.

Tadbuwna 12

2 Beeosoit coeTap perpyros Llve, Boxast n Haasum v 1863 r.

Bee, ur &4 3 . é cpex- 7
- : Uneso | Honeta- unit
Pera } puG | A Beca, Bee,
2-3—4 — & —86—T—=8—9—~10] | ¥ K
B . | ! i . . N

4 Mya —1 2] 38 ] Ta} 64| 40 |17 I 2 235 | 3.6—9.3] 6.24 : o
7 Boaaa — - sl B3{te] s[4 3 50 |4.65--9.6] 6.5
10 NisMa 3] a6l 66§ 39 — = - 150 | 2.7-7.0 4.59

} ' - .

Key to Table 12: 1. Table 12 2. Weight composition of recruits in the

' Shuya, the Vodla and the Pyal'ma in 1963 3. River 4. Weight, kg 5.

Number of fish 6. Weight range, kg 7. Mean weight, kg 8. Shuya 9

P

Vodla 10. Pyal'ma.
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The salmon of all other stocks, for example of the Nemina, the
Lizhma and the Suna (in the past), are also smalier than the Vodla and Shuya
salmon. It ib possible that the cause of this difference is to be found in
the length of the migratory path. The spawning grounds are nrost rewmote in
the Vodla and the Shuya and are moreover at a considerable elevation. Because
the way to then requirés greater expenditure of energy than in the other
rivers, the Ifish here should be stronger and larger, i.e. the remoteness of the
spawning grounds evidently determined the trehd of selection. Moreovef, the
age of maturity is slightly greater in the salmon of the Vodla and the Shuya,

i.e. the increase in their size is due to some extension of the feeding period

taken in conjunction with slightly faster growth.

40t , o

w} \

L \“~o—————o
o Bospaem | 5 & V7 V8 L9 T[]z [u=785
(2 L Bobewennni| 0.05 | 39 3321410 197137 | 05 |003 | 100
8,,3n0m’e~wcl.7" 003137 135.2]40.7| 165 | 3.4 | 0.5 |0.03| 00
4

Jsewnnapol | 1| 113 | 567 (7169 | 572 {106 | 7% | 1 | 2897

Fig. 16. The course of maturation of the Shuya salmon expressed as
pefcentéges of the occurrence of age grodps of recruits (mean long-term data).
Numbered on figure: 1. Age 2. "Weighted" 3. "Composite! L, Number of

fish.

The average course oI maturation may be represented:h1perms of the
percentage proportion of the different age groups among the recruits obtained

on the basis of long~term data. This evens out variations due to differences

/(',‘6/
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in the abundaﬂce of different year-classes and in the growth fate in different
* years. Thanks to the work of M. B. Zborovskaya.aﬁd 4. V. Prozbrova we.now
have material of this type for the Shuya stock for 1 years. |
= Thé average course of maturation was celculated from the age
composition'of recruits in the Shuya (table 13) as percentages of the
occurrenpe'of.different age groups. It is noteworthy that both the mean
"weighted” ané-the mean ‘'composite" frequency of oécurrence established from the
percentage composition for individual years yield practically the same picture:
an almost symmetrical distribution is obtained in both cases (fig. 16).
Although similar meterial exiéts for the stocks of the Vodla and the Pyal'ma,
the sequence of observations is very short (tables 14 and 15).

It is evident from the informétion given here thét the age composition
of fish maturing for the first timg may differ considerably in different years.
It is also apparent that maturation is not so protracted.in the Pyal'ma salmon
(no age groups 10--11 years) and that maturity is reached slightly earlier on

average than in the salmon of the Vodla and theAShuya.

. It is fairly difficult to compare the rate. of maturation from the

Y

percentage proportions of the age gfoups. Tt is far more convenient to use
mean age characteristics for this purpose. In this case the alteration in the
age co@position 5f the recruits becomes vefy obvious (fig. 17).

‘ It is possible that the cause of the difference in the éée of
recruits_of different stocks and of the same stoék but in different years will
be successfully established from the age structure, l.e. by coﬁparing the
durafion of the river and lake-period, wﬁich together characterize the living
cénditions of the salmon in the river and in the lake. Taken in conjunction
with the mean weight of a recruif, these characteristics reflect primarily the

availability of food and possibly other environmental factors, i.e. this

/38/
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approach ensbles the characteristics of individual year-classes to Be
related to the general ecological background.

Fluctuations in the mean length of the river period (table§16~~18)
are slight by comparison with the fluctuations in the mean age of recruits.
Th%s-suggeéts that the fluctuations in age are due mainly to feeding
‘conditions in the lake. We arrive at the somewhat unexpected conclusion that
the conditioﬁs determining the growth of the salmon in the river are typified
‘by sreater constancy than conditions in the lake. This evidently means that
the availability of food for the salmon in the lake may'be subject to very
strong variation.A

The duration of the lake pgriod 6f recruits in the stocks in 1963
is given in table 19. A1l the mean chéracﬁeristics givén'abové for changes in
the course of maturation and in the age structure in salmon of the different
stqcks are given in table 20, which is a composite table, and in a éraph
(fig. 18). - The lake period of the Pyal'ma salmon was found to be the shortest

in all instances. The alteration in the duration of the lake period from 1963

. was not uniform: maturation of the Shuya and Pyal'ma:salmon was retarded while

maturation of the Vodla salmon was accelerated. The duration of the river

period altered slightly and had practically no modifying effect on total age.

Does not the different pattern of variation in the duration of the

lake period indicate different feeding conditions, a difference in the feeding

grounds of the stocks in the lake ? This suspicion is strengthened by the

different frequency of occurrence in the stocks of transitional zones on the

scales (in 1963: 16 % in the Shuya, 48 % in the Vodla and 42 % in the Pyal'ma)

.

and of epitheliomatous erosion, and also differences in the rate of weight

increase (see below).

799/
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/ Tadanuga 13

. < Bogpactnoit cocras pexpyron Ulyn (sia.)
3 . ' . Gt BoapacT (PEUHNE 5 oaepuble roaw) S &
naﬁ.-“ﬁgil:umn i 'I;)Igllf:) 23%2&?
5 § N 7 Q ) 9 10 11 12

1931--1833 — 0 (.2 ! I 63 (45.2) | 24 (167) | 12(8.3) - - 144 .97

1948 LS |20 @8 17 (30.9) | 14(25.9) 1(1.8) | 1(1.8) — 55 7.93

1849 — Gl (374 67 (41.5) 30(18.7) 1(0.6) | 1 (0.6) — 164 7.83

YE TV - D | svesz o A8 | ey | s | — — s 7.85

" 1951 - 36 (0.7 I 11 W) | 134(36.0) | 58 (15.4) | 4 () - — 3713, 7.61
1959 — 20 | a2 (0.3 | 258 (31.3) | 151(30.0) | 35(7.) | 5(1.0) — 503 .30 -

1950 1(03) | 20w 62(07.4) | 143 (40.0) | 114 (32.0) | 30(8.4) | 4(1.0) | 1(0.3) | . 357 8.34

1961 — By L a0 s | S840 | 3ano | TE5 | 2.0 — 200 7.88

1962 - P | 1w (6.2 | 89(39.6) | 15 (6.7) 3(1.3) — — 225 7.51

1963 — 1G9 | 134 01.0) | 83 (26.7) | 14 (5.9) 1 (0.5) — — 236 7.34

1964 — 2000 ] 1ToB0.0y | 124 36.3) | 20 (6.0) 512 | 103 - 330 .| 747

SR 1 - 2¢L0 | SL(E8.0) | 95 (46.0) | 28 (14.0) | 2(1.2) — - 208 7.75

7 Beero: 1 E 113 961 1189 | 512 106 14 2897 7.85

"t PT. BAUMHEUEND 110 NPOREHTHOMY coctasy. IIudipsl 1§ CHOAKAX — YHEN0 DHA OHpede’elHoro HoAPALTy, Bbi-

& Hpusmewanue. Sa 1037 1900 . — satepeiasim M. B, 3doposckodi, aa 14iR- 105 rr. - 3, B. Ilposoposoil. Pacupeaeaenue ocodeil
FIO TOJUBBIM KiaceaM 3a Wne p b
pakeHHOe B NPOI{CHTAX OT UDIert HUGIA, HCCHCNORAHHBIX 32 Hauusiil roji (aK roan) pumo.

Key to Table 13: ‘1.‘Table 13 2. Age composi££on'of recruits in the Shuya
(number of fish) 3. Yéars of observations 4. Age (years ih the river and
‘in the lake) 5. Number of fish 6. Mean.age 7. Total 8. Note. Materials
ofAM. B. Zborovskaya for 1931--1933 and §f Z. V. Prozorova for 1948—»1951.

The distribution of fish by year-classes for 1950 and 1951 was calculated from
the percentage composition. The figures in brackets denote the number of fish

of a given age expressed as a percentage of the total number examined in the

year (or years) concerned.

RS ALY L W Y AR I T e T L e RURLL VRN D Lok S AMRTIOCIRN IV G R 1 o PN W |



- 132 -

/88/
. . .o "
A . . : : Taﬁ:utua' 14
“ BospaermoX cocran pexpyron Bogast (%)
3 4~ BospacT (pewnble N O3CpHNE FOAR) - s é
Tox Ypero | Cpenunit
Rratawpennit J 3] BO3PACT
5 6 7 8 9 w1
1963 — — | 24 28 .1 28 18 2 |- 50 8.46
1864 - 2 16 50 30 2 —_ 50 8.14
1965 1.5 7 26.5 136,50 21.5 7 — 60 7.90
Key to Table 1k: 1. Table 14 ~ 2. Age composition of recruits in the Vodla
(%) 3. Year of observations 4. Age (years in the river and in the lake)
5. Number of fish 6. Mean age.
” . . ,Taﬁnnua 15
= Bospacrnoii coctar pexpyron Wnabunt (%)
3 4% BospacT (PeMHHEC W 03CPHNA TOL) s ¥
Tox —— R Gah T Cperznil ]
natmogcunit P BOZPACYT
5 5 7 8 9
1963 — Q 52 36 3 151 7.33
1964 — 4.5 45.0 39.0 14,5 - 159 7.57
1965 - 2 50.0 42.5 5.5 D4 7.52
Key to Table 15: 1. Table 15 2. Age composition of recruits in the Pyal'ma
(%) 3. Year of observations k4. Age (years in the river and in the lake)
5. Number of fish 6. Mean age.
We need to verify by tagging whether the salmon of the different /90/

stocks in fact feed in different parts of the lake. If this is so it must
necessarily be taken into consideration in the release of downstream-migrants

- from hatcheries so that uniform use is made of the food resources of all
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Y Tabuamua 16

< CoorrONIEHNC PMb ¢ PasaNTHON JTUTeILHOCTEIO PESHOre mepuona
B craje Wys (%)

R “¥  Penmeli nepnoa, reant K <
lmﬁnl;dslc!mﬁ N R , Hueno pub Lx‘!u'xt;'[,}l‘gg'?
1948 52.8 43.6 - 3.6 a5 2.51
1949 59.0 39.9 1.4 16 2.42
1959 64.0 34.5 1.5 600 2,38
1860 68.2 30.8 1.0 443 2.33
1964 67.5 32.5 — 250 2.32
1962 72.6 27.0 0.4 252 2.28
1963 '84.5 154 0.4 236 2.16
4964 75.0 24.4 0.6 336 2.26
1965 72.0 26,7 1.3 75 2.29

Key to Teble 16: 1. Table 16 2. Proportions () of fish with river periods .

of different duration in the Shuya stock 3. Year of observations L. River

veriod, years 5. Mumber of fish 6. Mean age.

. 8t &~ \
- \\——\ et \7.85
' i
- ]
. i
}
t
!

i 1
Toder | |901-803] 968 | 1919 | 1950 | 1951 | 1259 1 19607961 | 1962 ] 1953 11964 | 1955 11931-1955 )
Boapacm 797 |793178317285176718.3683%1788 {7.51|034 {747 |7054 7.65
Ixaesnanpol Wy | 55 | 161 | 96 |373 {503 | 357 {200 | 225 | 236 339 | 208 2897

ras

SICS

Fige 17. . Mean age of recruits in the Shuya over a number of years.

Numbered on figure: 1e Years 2. Age 3. Number of fish.
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@Lomﬂomeune PHB ¢ pasameneli TARTEALHOCTLIO PeUiIOrs HEPHUIR B cTadC
Boram {%)

S 27 Pevuoil nepm o = '
é;/ Toi (#) Pesuoit nepmox, ronst 31} i Cpe:mnﬁuﬁ)
“a() aoaennii o I 3 ' 4 uc1o pml pO3pACT
19653 70 28 2 50 2.32
1964 72 a5 2 50 2.30
1965 75 25 — 60 2.25
] i
Key to Table 17: 1. Table 17 2. Proportions (%) of fish with river neriods

&

of different duration in the Vodla stock 3.Year of ovservations L, River

period, years 5. Number of fish 6. Mean age.

(-D'I‘aﬁimua 18

]
@ Coomomeune pub ¢ pasamusioll mAETENHUOCTHIO pevmoro nepuo;m
B croge Haasmer (9)

'3) k‘ﬁ) Peusoit nepuoy, roju 6) Cé J
Hat - —— reno - Cpegunit
M0aeHNE . s . DHIO RO3PACT
- 1963 66 34 151 2.33
1964 - 56 44 — 153 2.44
1965 65 35 — .54 " 2.35

periods

L.

‘Key to Table 18: 1. Table 18 2. Proportions (%) of fish with river

of different duration in the Pyal'ma stock 3. Year of observations .

River period, years 5. Number of fish 6. Mean ége.

areas of the lake.
Data on fecundity exist only for the Shuya and Pyal!ma - salmon. /92/

According to the data of M. B. Zborovskaya (1935), the mean fecundity of the

Shuya salmon is-12 thousand eggs and the range is from 8 to 15 thousand. A
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@ CooTnomenie pubd ¢ pasTuunoil HNHTENBHOCTLIO 03CPHOTO UEPHOAR
pexpyros u erazax Mlyn, Boxaw n Ilaanuum 1863 r. (%)

@ . L':D Oagpnulit 31epuos, yoau Q‘) (_(j
- - - Hic10 Cpenunit
Pera . uo BOBPACT
3 4 3 6 7 8 9
P I N e N , _—_
 Ulys — 7 0 22 i — 236 5.18
(&/Bonaa —- 4 24 34 42 4 2 Ry 6.14
1 77 13! 0.5 — 154 5.00

-'Lébﬂn:xhna 0.5 1

Key to Tgble 19:. 1. Table 19 2. Proportion (%) of fish for which the
duration of the lake period of recruits is different in the stocks of the
Shuya, the Vodla and the Pyal'ma in 1963 3. River 4. Lake period, years

5. llumber of fish 6. lean age 7. Shuya 8. Vodla 9. Pyal'ma.

mean fecundity of 12 630 and a range of from 347 to 23 962 eggs are given for
the Shuya salmon in the reference work "Lakes of Karelia" (1959).  According
to the data of Z. V. Prozorova, to be found in the same reference work, the

~ -y

mean fecundity of the Pyal'ma salmon is 5300 eggs a d’the range from 2196 to

© 9186.  According to ocur materials for the autumn run of the salmon in 196k,

the mean fecundity of the Pyal'ma salmon was 8155 eggs with a range of from

5355 to 9900 eggs and the mean weight of the females examined wgs 5.4 kg.

. It should be noted that the salmon of the autumn run is noticeably larger than

the salmon of the spring run (5.2 kg on average as against 4. 4--4.6 kg), which

'is due to the larger proportion of the carry-over in the autumn run. In the /93/

reference work "Lakes of Xarelia' it is not stated from which run of the salmon
samples were takKen for the measurement of fecundity, but it must be thought

that it was the spring run.
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Key to Table 20:

Te Table 20

2« Alterations in the age structure of

recruits in the Shuya, the Vodla and the Pyal'ma, in years 3. River 4.

hge

5. Shuya

6, Totagl

7« River

8{ Lake

9. Vodla

10. Pyal'ma.

VIII.

Growth of the Salmon in the Lake.

M. B. Zborovskaya and 2. V. Prozorova studied the growth of the

salmon by back calculation.

Boapacr 1931 —-15382 rr. D108 pa P10 rL P10 Lt ey f et p, [ 1960 £, | 1968 L ]4962 . 1963 r. 1964 1. 1965 r,
ol | |
‘ Tommsi 7.97 703 | 7.83 [ 7.55 | 7.61 | 8.36 | 8.34 | 7.88 | 7.5 | 7T.34 7.47 7.15
. s .
‘ Pemmoil 2 — 250 | 242 | — | — | 248233 232|228 2.6 2.2 2.29
/6
i Oacpauitd. — 547154l | — | — | 598|601 | 556|523 518 5.21 5.46
i
Mosmair(6) bt o o = | sa6 | sta | 190
Petmoi\é/ — — == =] =] =] = =1 2 2.30 2.25
l e — === =l = | 6a4 | 5t | 565
t Momamii(5) — — SR I U U D B D S S R 2 A e 2
Pomot(7]  — bbb o= = = =] 233 | 244 | 23
N
l anpmﬂii@ - - - —_ — - -— — | - 5.00 5.13 5.47

Conclusions on growth based on our materials are

not at variance with what is generally known.

There are perceptible

differences between fish of the same age which have a different combination of

the number of years spent in the river and in the lake: the longer

salmon

/91/
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Fig. 18. Alteration in the age structure of recruits in the Shuya, the
Vodla and the Pyal'ma. Years along x-axis; age structure along y-axis

(7--9, total age; 5--6, lake period; 2--3, river period).

“oy

‘had lived in the river, the smalier was its ultimate size, although the
downstream migrants were larger. Thus, the body length as defined.by Smitt
(ac) of eight-year-pld fish was 86,8 cm vhen 2 years had been spent in the
river and 82.3 cm when 3 years had been spent in the river; the corresponding
lengths for ninenyear—oid fish weré 90.5 and 86.5 cm (table 21). The reason
herefis that fish which migrafe downstream at 2 years have an advantage of

one feeding season.

If; however, we take fish with a different river age but the same
b} 3 &

. ‘duration of the. feeding period, no tendency toward faster growth is found in
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fish with a river age of % years by compariéon-with fish with.a river age of
2 years despite the greater size of the dovnstream migrants (figs. 19--21) .
The.same feature is observed in the group vith a river age of U vears. .Growth
in the feeding period is therefore not dependent on the initial size, although
survival rate is dependent on it. The wltimate size is slightly greater in
figh with a lake age of 6 and 7 years then in fish with a lake age of 5 years,
althgugﬂ the latter grow slightly faster. [This is apparent from teble 22 and
fig. 22, in which average data are ‘given for the river period ana for & feeding
3+6, 2+7 and

-

reriod of equal duration- for the groups 2+5 and 3+5, 2+6 and
B34+7 Males grow ﬁotioeably'faster than females (table 23)?
| This feature was teken into consideration in the compilation of
table 21, where an equal number of males and females (13 of each) was taken for
the most abundant age groups (2+5, 6, 7 and %5, 6, 7).
The practical conclusion which stems from the .distinctive features
of gfowth is not an original cne: in.artificial culture of the salmon

transition of the fingerlings to the dowhstream-migrant state must be

};“*;stimulated at the earliest possible age -- at 2 years,and even better at

Data on lengﬁh increase alone are not sufficient for the assessment
of weiéht increasé, which is intensified in the second half of the feeding
iéeriod, fn contrast to length increase. The miétaken view of a number of
~authors that weight increase is sharply reduced Qﬁth age is based on a failure

to allow>for differences in the nature of growth in weight and‘length,
if the alteration in the relaﬁionship.between body length and weight

" is traced in the salmon, it may readily be noted that this relationship is far

from linear (fig. 23) and that young fish have a.more fusiform body than those

. -
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@’I‘uﬁnuxu\ 21

AT - . -
@1 exit poera {(1anua «c¢, o) wyfickoro Jococn (1o obparHomy
pacyneieHuio) ne Marepuadam 1939 r,

@‘mc;m et @ Hoapacr, rojiut ", @
£ Lﬁ%)

(éjw 3 : Use10
R 2 | 3 4 5 6 7 8 o g0 | o4 | PO

4| 3.84[13.4734. Sl -] -1 =1 =1-= 1

4 51885 137685, SIAEE] — = — | — | 26
o 618201 14,0820, T |86.8 — | — | — | 26

- 7 16.38116,7{30. 3174518259050 — | — | 28
817.85 16.7,}31" S107.0173.0187.5193.0) — 3

a9 15.50115.3:28.5 S463.0171.0{77.5(53.0186.0]

4 13.901 8.1113./ 368 — | — ] — ] — 2

3 515.60110.3117. 317151823 — | — | — | 2B
615.80(11.4117. 3170.0{80.0186.51 — | -— | 25

(| 715.25) 9.9]1s. SI65.9774.3(83.3|835) — | 26
415.00)10.4112. i 1172.5183.0) — 1 — -~ 1

4 { 515,807 97113, 601 76.7183.6) - | — 5
6 14.80110.2013. 45 5162.0]76.2|83.7|85.0] — 2

¢ —

168

Key to Table 21: 1e Table 21 2. Growth rate (length ac, cm) of the Shuya
salmon (back calculated) from materials for 1959 5.'Number of vears L.

Age, years 5. In the river 6. In the lake 7. Number of fish.

close to maturity. But this signifies that the same. length increase will be
accompanied in fish of different sizes (ages) by a different weight increase.
The graph vas compiled'solely for feeding salmon which had na spavning marks
and which did not mature in the year when the material was collected; fish of
- the maximum weight (up to 10 kg inclusive) could have entered the river no
earlier than the following year. |

Such a graph may be used to reconstruct weight increase by back
calculation of linear growth.

The weight increase (in kg) in the feeding period may be repfesent—

ed approximately as follows, with heavy averaging (data for the entire
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Fige 19. Growth of the age grouvs Fig. 20. Growth of the age groups

2+5 and 3+5. Lkge in years along x-axis; 2+6 and 3+6. Key as in fig. "19.

Ry

body length as defined by 8mitt (ac), cm

along y-axis.
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s Ad n "
< . nueiinnbi poer (AanHa ¢¢, M) J0C3CA B PERL U B oxepe
(1o oGpatTuomy pacunciennio, 156 oxs., 1939 r.)

+ 3 Peuncil uepnox, | 4~ 3 Osepuwit nepiox, roaw

rornist Cpexnsn
T HER{E e
N 2 ’ 3 Yonaruisa 1 a 3 4 I B 7
. ] ;
. 6.5 | 5.5 | ‘ 354 Lar {07 (720|825 — | —
14.8 } t0.5 "15.6 R3.0 [ 45.0 560 6301 7.8 86.6 —_
| 165 / 33,0 1429 {53,091 64.0 1 74.4 [ 529 | Su.5
é(]pe;umi’: poet . . .| 33.8 | 45.0]57.0 | 63.01785.6181.7}89.5

Key to Table 22: 1. Table 22 2. Length increase (length ac, cm) of the
salmon in the river and in the lake (back calculated, 156 fish, 1959) 3.
River period, years 4. Mean length of dowhstream migrant =~ 5. Lake period,

_years 6. Mean length increase.
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Fig. 21. Growth of the age groups 2+7 and 3+7. Fig. 22. Growth with a feed-
Key as in fig. 19. ing period of 5, 6 and 7 years.

Key as in fig. 19.

population).
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According to our materials, the relationship between the length and
weight increase of the salmon in the feeding period appears as follows (fig; 24,
The to£a1,increase in length and in weight follows a pfactically parallel course
until the very end of the feeding period, after which loss of weight commenées
in connexion with the spawning migration. Confersely, growth rates (inéreﬁents
of length and weight) vary "independently' of each other: the most rapid
increase in length during the first season is accompanied by the least increase
in weight. From the third to the fifth season inclusive the rate of length

increase remains practically unaltered, but there is rapid increase of weight

at this time. Both rates decline after the fifth éeason, apparantly in
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2 Texm pocta (iFBum @, B €M) CAMUOB IT €AMOK 10YHCKOTG HOCOCSH
(uo obpaTuony pacusicaemiio) no Marepiazam 1959 r.

3 dncao aer A BospacT. roam 7 g
Tlon N Hueso
i M | O 1] 2 3 T A N 2 T T
s {|dg] 14|18 52 40506200 76.00860] — | — | 13
@ 16.3113.7] |32.2 45.51.57.5]169.5]{79.5] - | — 13.
2 6 { 33 16.2144.01 13051 44.0]565.0169.5{81.5{90.0] — 13
: 2 16.411441120.0] 41.07152.0]62.3]74.0{83.5| — 13
7 {133 17.0119.01]32.2{ 43.0|57.0!166.0!80.0}88.0194.0] 13
1199 1568114411286 37.6149.0159.0 ) 69.0 1 77.087.0] 13
5 { 43 5_3.6 10,4 17.7]138.8{51.0;63.0] 74.0{86.5| — 18
s @9 195.6110.27 47.0] [3541{45.5159.5]69.0{78.0| — 14
6 { 321651414 17.4)187.6151.0]63.5]77.0 86.5. 91.5] 13
@104 1 14.5] 16.8] | 34.844.5 53.0 63.0]73.5|81.5] 13

Key to Table 233 1. Table 23 ° 2. Growth rate (length ac, in cm) of male
and female Shuya salmon (back calculated) from materials for 1959  %. Number

of years 4. In the river 5. In the lake 6. Sex 7. Age, years 8.

Number of fish.

~ -donnexion with the approach of maturation.

The following approach was used for comparative estimation of tﬁe
weight increase of individual stocks in the feeding period. Mean annual
weight ingrements were calculated-from the mean weight of the.recruits and the
mean duration of their feeding periods The weight of downstream migrants was
nét taken into considerafion, since:its value falls within the range of error
in weighing. It was found that the Shuya salmon‘had the best growth rate;
with the Vodla salmon in second place, and that growth was worse in the Pyal'ma
salmon for which the mean annual weight incremeﬁt was approximgtely 20 % less

than for the Shuya salmon (table 24). However, even the Pyal'ma salmon grows
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Fig. 2%. Relationship between weight

salmon of Lake Onega. Body length as

2 L Hud I\ L 2 1 i L .
10 20 3¢ 40 50 60 W 80 S0 100

and body length (ac) in the feeding

defired by Smitt (ac), cm along

x-axis; weight, kg along y-axis.
CAS ) g .
100410
505
1 f""/’r
0 1 z] .
6123
Fig. 24. Relationship between length

salmon in the feeding period. 1, -~-

2

growth rate (increments), cw/yr; P

pH

increase and wveight increase of the
total length increase, cmj Al -~

-- total veight increase, kg; AP --
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'suspicion in relation to the Pyal'ma salmon (see below).

~ Ll -

-

growth rate (weight increments), kg/yr. Age, yéars along x-axisj length, cm

and weight, kg along y-axis.

3 . . .

. o ‘ TeSnxuma 24
~ . .
= Cpepuufi rogoseii npusee (Xr/rojt) jaococA PasHLIX CTaj

& : ; .

3 Pexa 1948 1. 1949 1. 1963 r. 1984 T. 1965 r.
& 5.37 6.70 ¥ 6.24 5,9 5.92

Oiys . . . |5y =117 g == 1.24 | g g ==1.20 [ £y = {13 | g7r==1.08
5 8.55 1557 5.43 .
Bojsia . . . —_ —_— 76-'-1—4:1 07 53',;::0.96 £E5 0.96
£ ' . 4.59 4.72 5.01
Oannva o —_— — 50 = .92 Fi3= 0.92 517 = 0.97

7 % ¢ ocratsoM, O q074 ero Mana — 35.2%, 1 15.6%,. B uncraurese gpodi —
cpeAunit Bec peRpYTAa, KU;. B 3HAMeRate/le — CpeiHAAd TPOIMDEHTENbHOCTH
EaryJibHOrO HEpPIOIA, TOALL.

Key to Table 24: 1. Table 24 2. Mean annual weight increase (kg/yr) of

the salmon of different stocks 3. River U. Shuya 5. Vodla 6. Pyal'ma

7. Including the carry-over, but its proportion was small (5.2 % and 15.6 %) .
Mean weight of a recruit, kg in the numerator of the fractions; mean duration

of feeding veriod, years in the denominator.

. far faster than any other Karelian freshwater fish.

It is at present impossible to say anything definite concerning the
causes of difference in the growth of the different stocks. The matter may
possibly have to do with different feeding grounds, but there is another

In-the case of.

artificial salmon culture it must be borne in mind that the Shuya stock is

-economically mere advantageous because of faster growth.

%. V. Prozorova (1951) noted significant differences in the rate of

length increass when she compared her materials with those of M. B. Zborovskaya

(1935).

She related these differences to an improvement in the food supply of
je

/98/
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the salmon due to the decline in vendace and smelt fishing during the war
vears. fowever, length increzge iz a very poor indication of the real
situation. | In such cases iﬁ is more convenient to use the mean weight
increase of recruits over the feeding feriod, which is an overall indication
of living conditicne, including the availability of food. If significant

3

differences are found in the weight ivcreases in different years, the year of

the feeding zeriod in which the deviation of growth (from the long~term norm)

occurred pay be established by back calculation, i.e. this deviation may be

ed to the ecological background.

ol

rela

1X. Mornhological Descrivtion of the Salmon.

An enthusiasm for biometric analyéis without the use of other
criteria has led to the establishment of a rwltitude oﬁ different taxa of rank
Selow the species, including subspecies and forms belew subspecies
("infrapodvidovye"), and this has led to considefable confusion in systematics.

A clear ‘example is the situation with whitefishes, among which up to a hundred

subspecies, varieties, forms, races and breeds have been distinguished within

'

the USSR alone. In a number of instances descriptions have been given not
only of individual populations, but of their constituent stocks.
There are many grounds for doubting the taxonomic value of morpho-

metric analysis in the study of. the salmon. The proportions of the body vary

. greatly in fish of different sizesand age. In the past this has even led to

salmon of different development stages being classified as different species
(Richardson, 1836) or to uncertainty as to how to classify them (Glnther,
1866). There is overlapping of almost all the characters of the salwon and
the trout. Switi (1895) wrote in this connexion: !The relatianship between

these forms (between S. salar and S. trutta) is the same as that betveen
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different cge grouss and between the sexes'" (re-transloted from the author's

Russisn frarclation with brackets inserted by the author -- translator). A1l

these diffibuities have been.best set out by K. F. Kessler (1E6L4, p. 163)
I shall take the liberty of giving his statement in full:

WFish b@Loaglnw to this genus (aalmo -~ Yu. S.) are subject to very
considerable varistions in body constitution and in colour, variations which
are related partly to their age and sex and rartly to the properties of the
waters which they inhabit; but, furthermore, immature fish which cannot be
separately distinguished are freguently found among them and these, in their
turn, are more or less different from fertile fish which also cannot be
distinguished. For these reasons great difficulties are encountered in the
identification and description of species of this genus end ﬁisunderstandings
and contradictions heve frequently arisen between zoologists in this respect;
in particular, fish of differeni sges aJd of the same species have often been
classified as belonging to different species.”

V. V. Abremov (1953), who studied the development of the spawning
colours in Pacific salmon, established that almost, allAthe morphological
characters undergo modification in the post-spawning condition. The snout-
to~-vent . length is, of éourse, relatively invariable and only fhe post-dorsal
distqnée and the depth of the caudal peduncle remain. Abramov considers that
these characters may be used for the analysis of races and to establish local
stocks. However, these three characteristics are évidently too few for such’
purposes.

This is why morphological analysis must be used very circumspectly
in the study of salmon. It is far from invariably that>the test of statistic-
al significance {diff ;> 3 ) will reflect the real biological differences

which should be taken as the basis.
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Furthermore, it is far from clear to what extent ordinary measure-
ment errors are canable of affecting the end resﬁlt. Aeeuracy is reduced both
in the measurément of the smallest fish (the relative error is increased even
when the absolute magnitude of the error is slight) and in meaguremént of the
largest fish (owing to the readjustments of the calipers). The result will
also be slightly diffefent.in neasurerient of the freshest fish (some
"spreading" of ‘the fish owing to the mobility of the tissues whicﬁ yield under
the calipers) and in the measurement of rigid fish (muscle contraction in
frozen and preserved fish; the "accuracy" of the actual measurement is higher
in such "hard" fish). Since the absolute magnitude of the discrepancy in the
means which are comvared is usually very slight, these measurement errors may
yield guite statistically "“significant! differences if the requirement of
uniformity has not been observed in collection of the material.

. Grgat doubt attaches to the value of such & character as eye / 100/
diameter (horizontal and vertical): fifstly, the actual measurement of the

eyeball ~cannot be very précise; secondly, the probability of artefact is very

great. The poiﬁt is that salmon taken.from the t?ap_afe killed by a blow on

the head; as a result of which even if the eyes do nof emerge completely from

the sockets, the diametef of the eyeball is invariably increased. The

orbital diameter would therefore be a far more reliable character since the

boné may be measured with greater accuraéy (the mgasurement of fixed points).

Finally, body length as defined by Smitt (ac), which is taken as a
standard for comparison, cannot be regarded as satisfactory since it includes
the length of the head, which varies strongly with age (especially in males).

Only comparison of the snout-to-vent length¥*(the leagth of the backbone) can
yield a tpue picture of the variation of proportions. Americans turnedvto
this standard 30 years ago (Davidson and Shostrom, 1936), but it has regret-

tably not yet established itself with ué, despite the recommendations of I. TF.

*Translator's note, Term taken from Fish. Res, Bd, Circular No., 65., Incorvect?

oy
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Pravdin (1929, 1949), which have been used by the American authors just cited.

By some sirange concatenation of circumstances the salmon has
avoided the lot of whitefishes. Moreover, until now there has still not been
a detailed morpholbgical desoription of its lake form, especially at tﬁe level ’
of populations and stocks. K. F. Kessler (1863) compares the colouration of
the Onega &nd lLadoga saluon. Mean values of some meristic and morrhological
charactérs are given for both sexes combined on the basis of M. B. Zbcrovskaya's
materials in a paper by I. F. Pravdin (1954), but there is no indication of the
river of the stock and no description of the material (amount and the stage of
maturity of the fish).

We have at our disposal fairly extensive mesteriszl for a morphological
description of the stocks of the_Shuya; the Vodla and the Pyai‘ma {more than
300 fish).  Cnly mature migratory fish in stege IIT of maturity were taken for
the measurements. An aﬁproxim"te;y egual guantity of females and males was
taken for the general description (of both sexes), since there are already
perceptible differences between them even in stage IIT of maturity, although it
© was still a long time before the appearance of sp;wnipg colours ~- he

3 :
collections were made between May and July. Because it is impossible to make
full use of all the matérial here, certain information which is given (on the

Shuya stock, table 25) is of a provisional nature. All that can be stated is

that no significant differehce was discovered between the sexes in meristic

o

L3

éharacters. The apparent reduction of the snouf—to—vent length in males

(diff = 9) is due to the fact that >ma1es have a larger head. = This is an

. example of the way in which the accepted'standard (ac) reflects actual relation-
ships in an inverted fornm. It is for the same reason that no differences are
adetectéd between thé gexes in the length of the bcdy minus the caudal fin

{(ad), since the head is included in.bQ§h1engths (ac and ad). The value
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obtained for the length ad is in full agreement with that established by

" D. K. Knhalturin (1965) for the salmon of the Pasha and the Oyata (Lake

Ladosza) .

AP -
- N oTabaunua 25
3\
&> Hexoropme sopdorornyeckue npasuasn Jocoes p, Wyn
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‘3 Mpuanasu Cavin | Caxila
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/8 AMAMeTp  fI&3R ropusou- N
TAIBUMY . . . . . . 1.9-2.5 2.25 2.24 2.26
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Key €0~Table 2b: 1. Table 25 2. Some morphological characters of the
salmon of the Shuya River expressed as mean characteristics 3. Characters‘
.4. Both sexes (59 fish) 5. Range 6. Mean 7; Females (27.fish) 8.
Males (32 fish) 9. Body length as defined by Smitt (ac), em  10. Number of
branched rays 11. Lateral-line formula - 12. Scales alongside of caudal
peduncle> 13. Gill rakers per one arch 14. As percentages of body length

- . as defined by Smitt: 15. Snout~to-vent length (od) 16. Body length minus C

(ad)  17. Snout length 18. Horizontal diameter of eye 19. Postorbital

»



head length  20. Head length  21. Length of maxillery.

It is at present impossible to make a convincing comparison of the
Shuya, Vodla and Pyal'nma stooks by morphological Chéracters. The point is
that the actual relationships will be distorted owing to the different sizes of
the salmon of these stocks, especially because the indices were calculated in
relation to body length as defined by Smitt. Reliable comparisons may be made

only when the snout-to~vent length has bzen taken as the basis, as has been

proposed by I. F. Pravdin.

X. The Possibility of Infringement of the Reproductive

Isolation between the Salmon and the Trout.

The demands which trout and salmon make on spawning conditions differ

‘trout" and

'Y T
!

perceptiﬁly, as is @lso reflected in the use of the terms Ygalmon
rivers. Should both fishes enter a_singie large "salwmon! river, their
spavning grounds do not coincide even here: the trout breed in the shallow
tributaries of the main river, principally in those yhich join the river not
far from its mouth, since the trout (sea trout) in general makes shorter
migrations than the salwmon. The quantity of trout in iarge salmon rivers is
very small. All these featurés are to be observed not only in the basin of
Lake Onega (and Lake Ladoga), but also in-the basins.of the Baltic, White and
- Barents Seas.

The situation may be different in small riéers. In the Pyal'ma,
for example, the relative abundance of the trout is very high. TIts main
spawning grounds are situated in_the upper reaches of the main river, to which

the salmon does not go for some reascn.  In addition to these spawning grounds
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the trout also utilizes streams which flow into.the lower reach of the river,

in the zone of the salmon spawning grounds. In years when there is little

1

water and these tributaries dry up, and when not only the spawning of the

trout but the ehtry of the trout into them becomes impossible (as happened,
for example, in 1963 and 1954), the trout leys its egge in the salmon spawning
grounds in the main river. The poseibility is not excluded that hybrids will
occur when this happens. How this may occur is discussed in the section on
spavwning.

Tt is not by accident that this question has arisen. The point is
that the Pyal'ma salwon has some features which cast doubt on its purity as a
species. In general, there are references to natural hybrids between salmon
and trout in many publications, especially foreign ones. There is an interest-
ing statement in a paper by V. A. Abakumov (1960) to the effect that hybrids
have not been found in the large rivers of the Baltic.region (Daugava, Gauya),

in contrast to small rivers in which the spawning grounds are superimposed when

discharge is reduced, i.e. a situation similar to that created in the Pyal'ma.

This is a very interesting question and one of practical importance.

. [ [

A reliable method, for preference karyological analysis, is needed for its

solution. Other stocks apart from the Pyal'ma salmon are in need of such

-verification. This applies not only to the Onega population, but also to the

populations of the northern lakes (Kuito, Topozero, Nyuk).



Chapter %

SAIMON FISHING, CATCHES AND THE

STATE OF THE SAIMON STOCKS

Te The History of the Development of the Salmon Fishery and Catches.

Afish entering the rivers are readily accessible even to the most
primitive fishery. It is not accidental that there are among the neolithic
rock paintings at Besov Nos (2nd-~3rd millennium B.C.) drawings of the burbot
.tcatfish, in the opinion of Lebedev, 1960), sterlet, apparently sturgeon and some
kind of salmonid. There are also drawings of fishing gear -= & harpoon and a
3-pronged fish spear. A. M. Linevskii (1939), who int%breted these petroglyphs,
also considers thaf there may be a hook and line, a basket trap and a trap fence.

vThe first reference to fishing in the Mnevetskii fapid on the Vodla
River-is to be found in the cadastre of Yurii Saburov (1496); (cited from
“Pushkarev, 1900a), in which there is also a reference to the levying of quit
rent in salmon and whitefish and to the existence of the hamlet of Shuiskii
pogdétv(Shuya graveyard), around which a trap fence was later used for fishing
(references in the books of Andrei Likhachev, 1563 and Nikita Panin, 1627--
1629}, ' |

A1l the fishing places were re-enumerated in 1563 and a tax was
imposed. This is evidently the first statement of which fish species weré
- caught in the fishing places and with what fishing gear; but there is no
indication of the size of the catches. Salmon were caught in the Lososinka,
the Shuya and the Suna, in the Sandal stream and in Lake Sandal, in Lake Lizhmo
(Lizhmezero), in én inlet on the Cherka (Chorga) and in the Sosnovets, in Lake

Onega around Klimenetskii Island, in the Elovets, in the Mnevets rapid (Vodla),
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in the Cholmozha (Nemina ?); the Pyal'ya (Pyal'ﬁa'?), in the Sukhoi
navolok (translator's note -~ navolok is a dialect word for a shallow lake
produced by t£e spring flood), in the Andoma, the Vytegra and the Megra.
Fishing gear: fences (Vstakes'), of which there were several-in the.Shuya
("stakes!" are also notgd for the Kumsa,Cholmozha, Fyal'ya, Nikema, Suua,
Vodla aﬁd Andoma Rivers; whitefish nets and harpoons, river and lake trap

nets, ”trains"qand undoubtedly fish spears, although they are not mentioned.

1 . . . .
A Mtrain" (poezd) or "belt" (poyas) is a small trap net for catching salmon
in rapids.

We do not know the size of the salmon catches or how they weré
obtained. It is mentioned in the Tikhvin Customs Book that the goods brought
to the fair by Andrei Chusov, a léading Olonets merchant, included "...two
barrels of Sﬁuya whitefishes, 17 fresh Onega salmon and 17 cured salmon..."
(cited by MUller, 1947), but this fact does not tell us much.

Sawmills and metallurgical plants using water power were constructed
on a number of rivers in the 18th century, especially in its second half.

Apart from hindering the upstream migration of fishes, dams can be used to catch

‘them, and this undoubtedly happened at the time.

There is information on fishing only for 1785, when N. Ya.
Ozeretskovskii and G. R. Derzhavﬁﬁparried out-an'investigation of the.territory
almost simultaneously and quite independently. N. Ya. Ozeretskovskii records
among the fishing gear "kerevody"'1, which had not previously been mentioned,

and hook and line. He reports that salmon, trout, char, whitefish and pike

1 . s . . ; . .
A "kerevod" is a single-winged lake net used in Karelia.
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were sold salted in St. Petersburg, that a trap fence was erected in the
. _ Pyal'ma where '"many whitefishes, salmon and trout were taken in the spring
and autumn', and he gives other interesting information. |
G. ‘R. Derzhavin gives a list of the food fishes of Lake Onega in
his "Diary" (Pimenov and Epshtein, 1958) and describes the fishing at
Podporozh'e: ”.q;before it was forbidden to erect trap fences, there was very
successful fishing for salmon, whitefishes, breaﬁ, pike,. burbot, pike-perch
anad other-fishes; large "muzzles” (drag nets) were used for fishing and up to
500 whitefishes and sometimes up to 30 poods of salmon (translator's note:

1 pood = 36 1lbs.) were taken in a ‘day, but now the catch is extremely small."
It would appear from what follows that the ban was imposed in 1735, but the
reason is not stated. This measure.was apparently enacted in‘the interests
of the developing timber industry and of logging, which was hindered when the

’ rivers were sealed off all across. The erectioﬁ of trap fences all across
logging rivers was prohibited for the same reason in the 1870s (Pushkarev,
19002) . We may therefore agree with N. Ya. Danilevskii (1875) that logging
prevented overfishing at that period and thus helpgd Fo maintain salmoﬁ
stocks;

There is no information on fishing for the first half of the 19th
centurye.

K. F. Kessler (1868) noted a heavy reduction of salmon in the
Po&enchanka due to the construction of a sawmill..

According to N. Ya. Danilevskii (1875); the salmon catch in good
years reached 800 fish or approximately 150 poods at the Pyal'ma trap fence
and 30 poods at the Nemina fenée; up to 1862 trap fences were erected all

across these rivers. The salmon catch in the Vodla at this time was at least

. 40O poods a year. Danilevskii noted the strong development of fishing with .

XTSI SR e
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large drag nets kuown as "matki'" in imitation of the Ladoga fishermen.
In 1854 drag nels appeared in the Suna, where they replaced the trap fence
which previously existed in the river. Their use subsequently spread through-

out the entire lake and they became the principal fishing gear for the in-

shore salmon fisherye.

, /' TabGmauua 27
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M. D. 3Goponscrioit (1948).
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Key to Table 26: 1. Table 26 2. Salmon catches in Lake Onega according to
data in the "Olonets Gubernia News'" (taken from Zborovskaya, 1948, p. 140)

%. Year L. Catch 5. Over the year, in poods 6. Over the year, in

centners 8. Comment 9. 1876 ~-

7. Mean annual catch in centners
“Pabundant catch of fish". 10. 1879 - ‘more successful than in previoué

years'.

The first estimates of the salmon catch for the entire lake appeared
in the "Olonets Gubernia News'; we have data only for the period 1875--1890

(table 26). The catcheés' recorded for this peribd.are no different from the
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catches in the period 1930--1960 (table 27), but what the actual catch was is
‘ not. known. Because of difficulties in sale a considerable part of the catch‘
‘was undoubtedly consumed in the localities.
he establishment of regular communication with St. Petersburg by
steamboat and the improvement of marketing led to extensive development of the

salmon fishery. VWhen the salmon fishery was at its height in the 1390s

salmon catches in Lake Onega reached 10CC centhners, as may be assessed from the

o e

data of N. N. Pushkarev (1900a). The figure given above should be increased
‘because Pushkarev did not-investigate such important salmon fisherieé areas as
-the Shuya, Suna, Lizhra and Andoma Rivers, Chorga and Unitskaya Bays and the
region of Cape Besov INos, but it should evidently not be increased to more than
1500 centners.

Salmon were fished in the following ways at this period:

‘ . 1) fishing for migratory salmon with large drag nets in the river S
mouths and with trap fences in the rivers;
2) special types of net fishingqin pools occupied by the salmon on
arrival; fishing with Ytrains' (small trap nets), trap neté and fixed gill

nets in the rivers;

1 Kelezhen'e and brozhenie are the local terms for fishing with special nets
("kalega" and “brodil'naya" net) practised in small and medium-sized rivers.

3) harpoon fishing for spawning and spawned fish; o /106/ %

L) fishing for feeding salwon (largely immature fisﬁ) in the open
lake using “garvy" (laree~me§h‘nets_for use in the upper horizons of the water)
and "proéol'niki”1, mainly along the western shore of the 1ake around Brusno -

Island. . o

Transiator's note. No equivalent found; opresumably a long thin net.
. - , * *
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Yaos e
3 rox :m'ron“@ an I'D:I,‘; cpeie- Tpumeuanne 8
‘ B HYRAX B m"‘:‘:f{‘}
1875 1025 169 ] 1876 r. — wyaon ' pLibbr  o0HIEHLIIY. '7
1876 1196 198 189
1879 1248 206 i © 1879 1. — «Doee YAAUELIL, ueM upe-
1880 1178 184 IBIAYILIE TO;bIY. - /0
1881 1516 250 )
1882 1209 199 } 223 —
1883 1335 - 220
1889 1082 178> 1) 172 _
1890 997 165 J =t

Key to Table 27: 1. Table 27 2. Salmon catches recorded in Lake Onega in

’ the period 193%C--1965, centners ('iOO kg) (from the data of Karelrybvod and the
Karelian Department of GosNIORKh -~ the State Scientific Research Institute

for Lake and River Fisheries) 3. Year 4. Catch 5. Over the year 6.
Mean annual 7+ Note. Data on catches for the pe\rﬂipd 19%%--1940 were taken

" from the thesis of M. B. Zborovskaya (1948).

Irap fences for the catching of salmon and other fishes were
constructed in 1895 in thé Shuya. (at the village_of'Nizhnyay;), in the Suné
(below the sawmill dam) and in the Shoksha and the Pyal'ma.- Trap fences were
prohibited in the Nemina from the 1870s because of logging. "Considerable
quanfities" of salmon were caught in Cholmuga Bay and in the Neminé in the
spring and autwm; including trout the catch amounted to 50 poods a yeér.

. Fish stocks in Cholmuga Bay were reduced by overfishing and pollution of the

waters of the bay and its tributaries by the floating of timber which had not

B




- 158 -

been barked, .the amount of which increased. every year. The principal salmon
catch in the Pyal'ma was taken in the spring and fhe avtumn. -~ The salmon run
oceurred immediately after the ice run, after May 9 (May 22 by the new calendar)
and lasted until Y"Peter's Day" (July 12 by the new calendar). A catch of up
to bh0~--550 fish was taken atithis time with "kalegg” nets and a further SO
fish in drag necs ﬁear the mouth. During the low-water period the salmon were
'”Stalked”.iﬁ»the pools and those which had escaped ﬁhe "kalega fishing vere
taken. From August until the late autumn fishing was carried out with trap
fences erected near theAmouth, vIn the opinion_bf Pushkarev (190Ca), the salmon
was completely fished out in the Pyal'ma, since adult fish and spawned fish
migrating downstream were not found here: "The Pyal'ma Rivér is a grave for all
the fish which enter it...The present fishing must be regulated."

In 1871 there were trap fences in the Vodla in many rapids above the
Mnevetskii rapid (Poclyakov, 1873), and they were used for catching fish migrating
both upstream and downstream, for example in the Padun rapid.

Although fishing for feeding salmon is highly destructive, it was of

the greatest economic importance in the 1890s.  Pushkarev wrote: Y...garvy

PR

'inshing should be regarded as one of the most important types of fishing...'.

This fype of fishing, which consfituted the bulk of the salmon catches at this
period,. yieided between 400 and 1000 centners, on average more than 500
-centners (figure arrived at by coﬁversion of the valﬁe of the. catches given by
Pushkarev).

| At the beginﬁing of the-;resent century there wgs a sharp reduction
of éatches which was noted 5y 2 number of'investigators.(Pushkarev, 191ka,
1914b; Petrov, 1926; Tikhii, 1931a). N. N. Pushkarev (1914b) wrote that
fishing with garvy nets had practically ceased along the wegtern shore of Lake
Onega and had been halved in other places. .Fishing had therefore ceased in

what had once been the wmain fishing grounds. Pushkarev, like other aunthors,

AR okt AR ST T2 M) Ay e 4
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doe% not give preéise figures for the catch throuéhout the lake and there are
‘no such figures from the beginning of the 20th century until 1930. It
should be noted that the statistics of catches were never satisfactory.

The%e is more or less reliable informatioﬁ for the period from 1930
down to the present, with the excéption of the war years of 1944--1945. The
most significant aspects of the salmon fishéry during this period were:

1) the re-establishment of garvy fishing from 1932 in -the area of
Brusno Island; this fishing attained its greastest development in the post—waf
yvears and has been discontinued since 1958;

2) the use of trap neté in place of drag nets since 1953;

3) the institufion of a number'of conservation measures in the last

decade.

[¢]

Let us dwell on this last pqint in greater detail. Commercial and
amateur fishing, including fishing with rod and line, has béen prohibited in
the rivers since 1956; this ban ﬂas been confirmed by the 1960 "'Fishing
Reguiations". In 1958 an area in which garvy fishing was banned was
designated in the area of Brusno Island. By the new "Fishing Regulations..."
_(1960) there is a general ban on the use of nets to catch feeding salmon in
the lake. The main salmon catch is now tgken with trap‘nets in the estuarine
reacheé no nearer than 1 km from the mouth. There was no limit on the number
of traps before 1964 and this led to overfishing of the Shuya stock (Yu. A.
.Smirnov, 1964) . |

The use of trap nets for salmon fishing was'begun in Lake Onega in
1948--1949, but these were initially only.shore traps of the Kuban' River type.
In 1953% the fishing brigade of A. A. Stafeev caught 70 centners of salmon by
the middle of July with a single trap net in Logmozero (Shuya River).  Such

a successful catch enabled the fishermen to dispense with drag net fishing. -
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The fish industry took an interest in the development of the new type of
fishing {(Cherkasov, 1953). Since 1955 trap nets hsve been included in the
gear of other %ishing brigades operating around Solomennocye. Two types of
trap nets are used commercially: two-pot deepwater nets (“giganty" -=
Ngiants') and inshore single-pot nets (”Kubén River nets"). The number of
both types of ﬂet continued to increase until 1960 (8 "giants" and 12 "Kuban'
River nets"), after which it remained at the same level. In 1964'Karelrybvod
reduced the number of permitted places around‘Peskov. The traps from Feskov
were shifted 1--1.5 km to the east of the Solomennoye Strait, to Loi Island, but
there was hardly any change in the total number. The rate of exploitation was
reduced by reduction in the number of traps at the point of greatest
concentration of the fish in front of the ri&er mouth (Solomehnoye Strait).

Trap nets did not begin-to be used in the Shala until 1961; in 1964
and 1965 there vere 4 of them (2 local brigades each had 25. Sslmon continue
to be caught about fyal‘ma with drag nets; the local brigade has still not
:eceivea a trap net.

! During the.years since Pushkarev's investigétion there have only been
three occasions (1939, 1940 and 1953) when the salmon catch for the whole lake
has exceeded 300 centners. In the last quingquennium catchesAhave fallen to the
iowest level over the whole time known to us (table 27 and fig. 25) and but fér
the ban on the taking of sexually immature salmon in the open lake, catches
~ would have been even lower. This situation is chafacteristic not only for the
lake as a whole, but also for individual stocks. It should be noted that the
salmon fishery is now based on the stocks of three rivers -- the Shuya, the
Vodla and the Pyal'ma. The Shuya stock is the most numerouse. It has yielded
- catches of between 40 and 140 centners, on average approximately 80 centners

(up to 1960) and no marked reduction in the abundance of the stock has been

noted over a period of 30 years (from 1932 through 1960).

/108/
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Fig. 25. Salwmon catches in Lake Onega hetween 1875 and 1965.

. Catches of the Shuys salmon have been divided into three groups on
the basis of long-term data: high -- more than 100 centners, medium -- from

70 to 100 centners and low -~ from 40 to 70 centners. - However, there has been

occasion in recent years to distinguish a new group of catches, namely

Y

"catastrovhic" (less than 40 centners), which have been found to be consider-
“ably lower even than the mean low catches (table 28). As was to be expected,
there has not been any increase in catches of the Shuya salmon in the
subsequént years., On the contrary, there was a new decline to "catastrophic”-
beginning in 1967, which was a consequence of oferfishing in 1959--1961
accompanied by a deterioration in the conditions of reproduction.
Salmon catches in the Pyal'mé River are summarized in table 29. /109/
The shafp reduction of catches in 1961 was due mainly to a reduction in the -
rate of exploitatioﬁ swing to the banning of fishing in the river znd in the

‘ ~ lake within 1 km from the mouth. However, there was heavy overfishing in
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1933 53.0
1937 3.9
1938 5.0
1946 58,9
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1965 59.0
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“Key to Table 28: 1. Table 28 2. Catches of the Shuya salmon in Petrozavodsk
Bay, centners 3. Group of catches L. Year 5. Catch over the year 6.

Mean catch by groups 7. Number of years 8. High 9. Average 10. Low

11. Catastrophic.

1959 and 1960 which should have an effecﬁ on the state of. the gtock in 1967--
~~1970. :

Since the end of the last century the main salmon fishing in the
Vodla has been conducted around the mouth of the river, in the Shala district.

According to the data of B. A. Veselov (19%2), tle catch was 992 kg in 1927,
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1350 kg in 1928,>5179 kg in 1929 and 4491 kg in 19%0. With these éatches in
mind, M. V. Logashev (1931) wrote: "Although the salmon catch has not been
reduced in the last three years, it has declinsd by comparison with catches
before the re&olution." | |

The catch in 1932 was either 52 centners (Zborovskaya, 1935) or
70 centners (Zabolotskii, 1936). From 19#8 through 1957 catches ranged
between 10 and 40 centners and were on average 20 centners ("Lakes of Karelia',

1959). The catches for the period 1955—~1965-are set out in table 3%0.

3 / :
TatGauna 29
2 . : .
Yaonsm socoen p. Huawnyi, u (mo panumm Kapeapmbrpoxa)

3 Tox "(f‘ymm 3 Tox ¢ Yios 5..3 Tox # ¥:on 3 Tox “ Yaon
!
1932 24 1948 20 b 1954 20 1958 . 1o
1938 18 1949 1 1935 17 1959 34
1939 45 1950 29 1938 24 1960 33
1940 J4 1951 R 1957 14 1961 H

’
> T¥ipusmewanue. Jlawnste 3a 19621965 rr. ne penpeacHTATUBNR,

Key to Table 29: 1 Teble 29 2. Salmon catches in.the Pyal'ma Eivef,
centners (data of Karelrybvod) 3. Year 4. Catch 5. Note. The data for

1962--1965 are not representative.
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S I o I o R I o ' ~d 'S ‘
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4 Paiion Becona Hoca . . . £)fer nunnux 88l 71—} 4

v

Key to Table 30: 1« Table 30 2. Salmon catches in the Shala district,
centners 3. Locality L. Around the mouth of the Vodla 5. Around Cape

Besov Nos 6. No data.

/110/
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The salmon catch in the Shala is maiﬁly dependent at the present
_time on the catch of the smelt. The better are the runs of the smelt, the
greater is thé amount of attentior and energy vaid to catching it and the less
are the possibilities for catching salmon.  Salmon trap nets.are not instal-
led until the end of May~--beginning of Juné during thé smelt run. However,
the mass run of the sglmon into the Vodla is already ending at this time and
later,'from thé second half of June, it is only feeding salmon which are caught
along the Shala shore and then in small quantity. It may therefore be that
the catches of recent vears reflect not so much fluciuations in the abundance
of the salmon as the smelt runs. The 1963 fishing season was particularly
disastrous (owing to ice conditions, the abundance of the smelt and
organizationsl failings) and the fishermen had no time for the salmon. The
increase in catches from 1961 is to be exrlained by the use of trap nets, which
have a higher calching capacity than tne drag.nets previously used. Very
small quantities of salmqn are also taken in smelt drag nets. Some of the
Vodla salmon catch (migratory and feeding salmon) are taken around Cape Besov
Nos, but feeding salmon from other rivers, for example‘from the neighbouring
Andoma, may be present here. Once again fishing is heavily dependent on ice
conditions, which were.particularly unfavourable in both areés in 1963. One
-of.the two trap nets near the mouth of the Vodla was destroyed by ice at the
end of May in 1955 and this immediately had an effect on the catches.
To judge by the proportion of the carfy;over in the Vodla salmon
stock, no more than 50 % of the fish are caught. The present fishery cannot

therefore be regarded as a factor limiting the abundance of this stock.

In the past salmon and whitefish were the basis of fishing in the

- Suna and Nemina Rivers. In 1964 the salmon catch in the €holmuga Bay area

vas only 1.3 centners (25--30 fish). Tt has been estimated by N. I. Kozhin

/111/3
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(19272) that the catch in the Suna in 1926 was 21--23 centners, and that the

. 'saln;on catch had been reduced by éne third by comparison with the 1870s.
Thirty centners were caught in 1930 (Zborovskayat 1935), but this was the last
considerable catch: no more than 4 centners were cadght.in 1932, 4 centners
in 1953, 2 centners in 1955 and 3 centner§ in 1956. Traps were set in the
river mouth in the years 1958-~1962 to catch salmon spawners: in no year were
more thanAéO fish caught and in 1962 only 4 salmoh were taken, after vhich the
fish station on ﬁhe Suna was closed.

Like the Suna and the MNemina, all salmon rivers apart from the Shuya,
the Vodla and the Pyal'ma have lost their commercial importance. This is
evident from the distribution of catches for the 1961 fishing season by areas
of Lake Cnega (table z1). The migrétory salmon of the three méin rivers |
accountted for 75 % (51 centners) of the total catch of 69.45 centners; the

. migratory salmon (Vedla and Andoma) is caught maiﬁly in May around Cape Besov
lNos (850 kg, 12 %) and in the Andoma area (280 kg, 4 %). The migratory salmon
of the Suna accounted for 90 kg (1.3 %) and feeding salmon from the remaining
parts of the lake accounted for 616 kg (approximatglng %) .

| The restrictions on commercial and amateur fishing introduced from L /12/
.1956 were the first measures to maintain salmon stocks-iﬁ Lake Onega. However,~
it is clear that, given the present state of the spawning resources, these

‘ and

measures can do no more than halt a further decline in abundance/are inadequate

for the restoration of stocks.

IT. The Causes of Reduction in the Rbundance of the Salmon

in Lake Cnega.

Salmon stocks have been brought to their present state by the

. following causes:
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Ke& to Table 31: 1e Table
Onega in 1961, kg 3. Locality 4. Months 5. Catch for Hayn~December
6. In kg 7. As a percentage of the total catch 8. Shala 9. Besov Nos
10..Petrozavodsk Bay 11. Pyal'ma 12. Around the Island of Bruan, 13.
Lelikovo 1. Tolvuiskoe Onego, Chelmughi 15. Suna  16. Unitskaya Bay

17. Andoma zrea  18. Total. R

1) alteration of the regime of the rivers and reduction of the - / 112/

spawning and rearing areas as a result of the construction of dams for power

" generation and logging and of the construction of other hydraulic engineering

vorks;
'2) pollution of the spawning ;ivers by logging waste;
%) irrational commercial fishing;
L) uﬁchecked removals of spawnérs in the éAawning grounds and what

is loosely called "amateur'fishing for young salmon in the rivers.

o
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Different combinations ofithese factors have had the effect that
some river; have completely lost their role in the reproduction of the salmon.
The resou%ces'of spawning grounds have undergene considerable modifications
since the last century; not only have the spawning and rearing areas been

reduced, but there have been changes in thelr quality, not for the better.

Grezt herm has been done to salmon stocks by irrational fishing,

‘i.e. by fishing for immature feeding salmwon in the open lake with gervy nets

and long nets ("orodol'niki™).

K. tl. Ber (1860) worked out principles on which fishing for Caspian
diadromous fishes should be based: catching should be concentrated in the
rivers, sufficient srawners should be let through to wmaintain stable stocks
and, finelly, sturgecn and other valuable fish should not be.caught in the
open sea. He wrote: "I regard it as my duly to warn sgainst extending

fishine too far out irto the sea', by which he meant that removals of
? k] y

immature diadromous fishes should he limited. It is not only to the Caspian

that tﬁese remarks of K. M. Ber apply.

It would seem that the '"collapse" of cgtqhés in Lake Onega after
1900 should have dictated a cautious approach to the re-establishment of fish-

ing for small salmon. Instead, however, it was recommended that fishing with

"garvy nets should be intensified (Pokrovskii, 1947; Pravdin, 195h), and this

was done.

According to the evidence of N. N. Pushkarev (1900a, 1914b), the
average veight of the éalmon in the years when the fishery flourished wgs only
5-=6 1bs., or 2--2.4 kg. This weight is an indication of the intensity of
fishing for immature selmon, if it is borme in mind that the average veight of

fishes meturing for the first time ranges in the different stocks from 4,5 to
8 &

6.5 kg and is as a rule not less than Ut kg. This explains the sharp decline

/3
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in catches after 1900; the industry had exhausted several generations of

" feeding salmon.

A clear idea of the composition of catches of feeding salmon is
given by the meterials of M. I. Tikhii (1931a, the téble-on p. 11) for the
area of Andoma Bay where 43 centners were caught in 1929 in long nets
("prodol'niki").  According to these materials, the catches comprised fish

weighing between 0.55 and 0.85 kg, on average 2.6 kg (sic), and fish weighing

‘more than 4 kg accounted for only 17 %. It therefore follows that more than

1500 of the 1350 fish comprising a catch of 48 centners were sexually wmeture,
i.e. that the quantity of young in the catch was more than 5 times the quantity
of adult fishe

According to the data of P. E. Vasil'kovskii (1927), who visited the
area of Cape Petrépavlovsk, vhere salmon were caught with "kerevody" (single-
winged lake nets) from August through November, the usual weight of the salmon
in these catches was 2.8--3.2 kg.

There are also similar data for subsequent years. In 1932, when

fishing was renewed in the area of Brusno Island, 27 centners vere caught.

Thé'average weight was 3.5 kg and fish wveighing more than 5 kg accounted for

only 8 % (Zborovskaya, 1935, table on pe. 272), i.e. the Quantity of young was
more than 10 times the qﬁantity-of adult fish: +there were more than 700 young
among the 770 fish caught.

In 1958, the year when this.fishing around Brusno was banned,‘yoﬁng
accounted for from 50 to 90 % of the catche. Salmon wﬁich were feeding in the
lake for the first summer vere also found in the catch. These fish, which
accounted for 13 % of the total catch, weighed between 200 and 500 g. The

average weight in this year vas 2.3 kg.




- 169 -

Sﬁch.a low mean weight is an iﬁdication that all size-age groups
are fished with practically equal intensity wiéh.this type ofifishing.

Although doubts may be expressed concerning this conclusion, it is suppor{ed
by direct observations. Salmon which could have passed through the mesh are‘
entangled in the nets by the jaws. It therefore happened that garvy nets
_with SQ—millimetre mesh were equally efficient in catching adult salwmon and
smélts weighing 200 g or more.

Salmon feed in the lake for 6 years on average. Toward the end of
the feeding season the eight groups in the lske range ffom O+ to 5+ (lake age);
fish of the oldest grouv enter the rivers in the spring of. the follewing year.

Study of the survival of the pink salmon after downstream rnigration
to the sea has shown that 77 % of the dbwnstream nigrants éerish in the first
L0 days and that 78 % of the remainder, or 18 % of the initial quantity of
downstream migrants, perish in the following 410 days (Parker, 1965). Out of
a total mortality of 95 % during the period spent in the sea, 81 % of the fish
die during the first feeding season.

It ié quite permissible to stipulate that' all salmon whiéh survive
to the end of the first feeding season may reacﬁ maturity, i.e. that the Mage
pyramid" approximates to a column. When the level of reproduction is constant
the abundance of all age groups of the feeding salmon will then be approximately
the sam;. .

In such a situation each of the 6 age groups in the case of the Onega
salmon should account for approximately 16.7 % of the number 5f feeding fish
(exéluding fish which have spawned and returned to feed). In the autumn of
1958 the group O+ accounted for 13 % of the total catch and 14 % of fish which

~had not yet matured in the area of Brusno Island; these figures are close to




the stated figure of 16.7 %.

The

mean welght of

groups are equally exploited.

already been given ranged from 2.0 to 3.5 kg.

fish accounted

is 4 times the

of

vart the b+
The
catches in the

using the mean

for up to 80 %
nunber of fish
groupn) .

effect of this

area of Brusno Island and in Petrozavodsk Bay (table 32)
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a fish in the cafch is 3 kg only if all the age

The mean weight for different years which hes

This indicates that immature

on average in the catch of feeding salmon, which

maturing for the following year (the 5+ group and

Tishing may be approximately estimated by comparing

and by

weights to_coﬁvert them to the number of fish caught.
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Key to Table 32:

L, Mesn catch

5. Area of Brusno Island

1. Table 32

2. Salmon catches, centners 3. Locality

6. Petrozavodsk Bay.

If the mean weight of a fish is taken to be 3 kg for the area of

Brusno Island and 6 kg for fish entering the Shuya, we find that catches over

the period under consideration, converted to the number of fish, are slightly

higher in the first area (1530 fish) than in the second (1250 fish).

“be noted that the situation was in fact worse than in our calculations:

It should

the

actual catch of feeding salmon was higher since the large number of undersized




- 177 -

fish and of fish which had verished in the nsts and begun to rot, which is
inévitable in such fishing, were rot taken into store and were not recorded.
Fishing of this type has been carried on in the Tolvuiskoé Onego area and in
other places, as well as around Brusno Island, bué admiftedly on a lesser
scale. Tt is undoubtedly one of the reasons for the decline in catches which
began in 1956, i.e. a situvation similar to -that at the beginning‘of the
century. | If this fishing had not been prohibitéd, there would evidently now
be no£hing tp catch.

Another adverse feature of the fishery, in this case in relation to /115/ |
the Shuya salrion, is overfishing of the spawning stock, which was pafticularly
heavy in the years 1959--1961 because rather too many trap nets were used,

(Yu. A. Smirnov, 1664). In the following years the fishing rete vas slightly

lower: in 1962 because traps were bhroken by floating logs and towed réfts of

timber, in 1964--1065 hecsuse of the limitations placed by Karelrybvod on the
number of fishing places in the Peskov area.

It must be stated that I. F. Pravdin (1957) warned against the
excessive use of trap nets because these might dig;qpt salmon and whitefish
stocks, but this warning was not heeded. At the saﬁe time Pravdin himself :

(1954) recommended that fishing with garvy nets should be intensified. o

In the opinion of V. I. Lastochkin (1959), thei Svir' River and
especially the Vuoksa River, in which the spawning grounds are unaffected by
" hydraulic engineering works, are the clearest examples of the almost total
destruction of salmon stocks as & resﬁlt of oveffishihg with trap nets. These
nets began to be used in Svir®:Bay in 1950.  Their high catchihg capacity led
to a rapid increase in the nﬁmber used, from 9 in 1951 to 74 in 1955. The
largest catch, ?OO.centners, was obtained in1952; thereafter catches began to

decline rapidly, despite an increase in the number of trap nets, and had fallen



to 66.5 centners By 1957. In 1958 the fishing collectives themselves began to
. 123

"curtail fishing since it had become unprofitable. In 1958 the

Svir' fish

hatchery was itself obliged to organize special catching of spawners (these had

.

reviously been taken from commercial catches) and from that time down to the
P J

present no more then 10 spawners heve eover been caught in a season.

stock, which vas the largest of all the lake salmon stocks, was

within & years of the intensification of fishing, i.e. within the cvcle of one
. J O Y

year-class.

destroyed

The salmon of the Shuya River will apparently avoid such a fate

since the use of trap nets was here begun later and certain limitations were

placed on fishing in 1961 and in 1964--1965. Nevertheless, it
evpected that the sbundance of the stocks arriving at the river
period 1967--1970 will be extremely low owing to.overfishing in
Bven after 1370 catches are hardly 1iké1y to reach the levei of
(over the period 1932--1960).

Under conditions in which commercial fishing is very

is to be
mouth in the

1959--1961.

average catches

intensive and

few fish are let through to spawn, uncontrollable remcvals in the spavning

Another form of uncontrollable removal is fishing for salmon finger-

- grounds do particularly great damage, but unfortunately this cannot be assessed.

lings. This made an appearance in Karelia at the end of the 1930s in

connexion with the development of fishing as a sport, became widely prevalent

in thé post-war years and is still continuing alﬁhough it is banned by the

"Fishing Regulations..." (1960). An approximate estimate of amateur catches

shows that several thousand fingerlings of the downstream-migrant size may be

The Svir'

/115/ |

caught in a single river during the summer. At its present level this fishing

Smirnov, +1965).

" does at least as much harm as the uncontrollable removal of spawners (Yu. A.
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IIY. An Estimate of the Abundance of Onega Salmon Stocks.

. A rough estimate of the aburndance of individual salmon stocks may

be given by a "number'" scale:

O

1) the stock hes disappesred completely (0); -
2) the stock contains less than 10 or 10 fish (1--10);
3) tens--hundreds (10--100C);

4) hundreds--thousands (100--1000).
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Fig. 26. Alteration in the abundance of salmon stocks.

1 -- lososinka; 2 -- Shuya; 3 ~- Sunaj L —w Tizhma; 5 == Unitéa;

6 -- Kumsaj; 7 =- Povenchanka; &8 -~ Nemina; 9 -- Pyal'ma; 10 --

Tuba; 11 -- Vodla; 12 -~ Andomaj 13 —- Vytegraj; 14 -- Megra; 15 -
‘Vodlitsa. Levels of abundance are plotted along the y-axis (a square

denotes the abundance in the past and an arrow the present abundance) .
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A scale of this tyre may be usea to estimzte not only the present
state cof stocks, but also the slteration in their abundance over the time
known to ﬁs;" this is reflected in fig. 26. ‘¥hen there was no information
on the state of the stock in the past its assumed abundance has been indicated
by a question mark.

Cnly those stocks which are nurbered in hundreds--thousands of

fish are of inderendent commercial irportance. There are now only three such Yakv/4

stocks, those of the Shuya, the Pyal'mz and the Vodla. The stocks of.the Suna.,
the Lizhma and the Andoma were included in this category comparatively recently,
in this century, but the first has completely disappeared and the other two

have lost their commsrcisl inportance. Stocks wihich have dissyneared also
include those of the Lososinksa, Tovenchanka and Vytegra Rivers and probably

that of the Vodlitsa. There is ne information concerning the past coumercial
importance of the stocks of the Unitsa, Huesa, Nemina;'TuBa and hegra Rivers;
their present numbers are extrenmely lo&.

: V. V. Vesachezerov {1931) gives a physical estimate of the catch for

the Andoma of up to 500-~750 sslmon in a season. The results of & calculation

e T

made by Sevzaprybvod (Lenihgrad) suggest that this stock has been greatly

reduced; only 41 fish were recorded in 1963 (communication of I. I. Ryzhov),

-but this is not the entire stock, since salmon also enter the Samira, a

tfibufary of the Andoma, and there were.no counting fences in this tributary.
N. A. Borodin (1916) put the catch in the Suna at 220 fish.
According to figures given by N. I. Kozhin (1927a), the catch in 1926 may be
estimated at 400--500 fish; according to the daté of M. B. Zborovskaya, the
catch in 1930 (30 centners) was 500~-600 fish. In the latter case, as in the
Andoma, ﬁhe vhole stock may have numbered up to 1000 fish, since considerably

less than the entire catch was recorded and not all the fish were caught.
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V. V. Petrov (1626) gives a figure of 2000 fish fdr the catch in
the Lizhma (around the year 1916); the entire btock does not exceed 200 fish
at.the present time.

It is éossible to have wore precise information on abundanée in
some instances when reliable commercial statistics are supplenented by meterials
on the structure of the stocks. It may be conside?ed with confidence that the
abundance of the stock approaching any river has not exceeded 300 fish since
1900. lMaterials for the last few years enable us to give a quite accurate
estirate of the Shuya, Fyal'ms and Vodla stocks.

The salmon stocks approaching the mouth of the Shuyz in the period

1957-~1963 numbered 900~-25CC fish with an average of ’1?00.;1 Between 60 and

1 s . N
Translator's note. These figures contradict the statement in the last

paragraph in which 300 should perhaps read 30C0.

90 % of the stocks were taken by the industry and approximately 10 % by

"amateur! fishermen. Very few fish spawvned, especially from 1959 onward,

~ [

when the rate of exploitation in Petrozavodsk Bay reached the limit. The

exception was 1962 when the trap nets in the best f{ishing place ("Lipa') Qere
torn away by logs at the height of the run and were not restored for two weeks.

This endbled a large number of éalmon, up to one third of the stock, to
migrate upstream wi£hout hindrance. There are a number of facts which
indicate that the numbér of salmon entering the Shuya has been sharply reduced
from 1959 onward. Salmon and salmon redds have become a rarily in the
Syapsya, a tributary of the Shuya. Our search fpr redds in this river in
October 1959 was fruitless: no redds were found even in those rgpids where

the salmon always spawned previously. Up until 1958 inclusive local




inhabitants found dead salmon which had perished after spaWning in the

Kindasovskoe spavring ground; this was not observed in the following years.

After 1960 it became very rare for spawned salmon which had migrated downstream /1187
in the spring after overwintgring in the river to be caught in Petrozévodsk Bay

and none were caught ia 19671 and 1962. Nets were specially erected around the

mouth of the Shuya at the beginning of May 1966 but only 5 spavmned salmon were

faken.v This information enables us to improve the accuracy of the estimates

of abundance.

A counting fence was installed in thé Pyal'ms River in 1963 and 1964
although admittedly not for the entire run. On the basis of these.data and
taking the catch and the wastage into consideration, the stocks of these years
are estimated at 500--1000 fish (Smirﬁov and Swmirnova, 1965).  According to

M. Ya. Danilevskii (1875), up to 8CO salmon were taken in the summer in good
H &7

[ Sid

years alt the trap fence erected a{ thet time in the Pyal'ma, i.e. the abundance
of the stock in those years was within the same range as at present. Admittedly,
we know nothing concerning catches in the more distant past, but they may have
been far higher. e
According to Danilevskii, the catchAin thé Vodla was at least QOO :
poods, which corresponés to 100C fish, and in addition some of the fish entered
the river. Including the catch, the wastage and the propértion of_{he carry-
over thé stocks of 1962-~1965 may be estimated at 500-~10C0 *fish.
The abundance of the mature part of the entire population of the Onéga

salmon in the quinquennium 1961--1665 did not exceed 4--5 thousand fish; in the

following gquinguennium the abundance was at least halved.
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WAYS OF LICREASING THE ABUNDANCE OF THE SALMCN IN

LAKE OUEGA

AL
oo Rbvmiiniy

T. Conservation of Stocks and Regulation of Fishing.

.

The ypurpose of conservation measures is primarily to halt the
reduction in abundance and not to permit stocks wnose numbers have become
very low to disappear. This latter voint is very important, since owing to
the high plasticity (adaptability) of the salmon and its tendency to form

local groupings

o

there are evidently no completely identical stocks and each

stock possesses a combination of properties specific to it alone. Because

-4y

ferent stocks are of unequal value for intensive artificial
cuiture. In the conditions which nave developed in the Onéga basin
conservation measures alone not combined with improvement works and artificial
culture cannot lead to a significant increase in abundance, especially within
a short period, but this in no way detracts from their significance, which is
now overriding. The putting of our rivers into order mﬁst be begun with the
systematic implementation of the main measures for the‘éonservation of stocks
and the regulation of fiéhing. - The following should be included in the
conservation measures.,

Discontinuation of logging in those rivers where conversion to

another form of transport (for example road transport) is possible: firstly the
Nemina and the Suna; unfortunately this is at present impossible in the Vodla.

The establishment of a working regime of dams which is in accordance

with the interests of the fish industry. This applies in the first instance

to the Vama dsm (Vodla), where discharge of water from the reservoir should’
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cease by the end of September and where at the‘end of Cctober the dam at the
nead of the Sukhayz Vodla should be sealed so that the entirve dischorge is
directed into the Vema. In the syring the Vama danm should not be closed

before the beginning of the flood, i.e. not before the first of May, to avoid
drying out of the unner reach of the river and the mass death of fish, including
young salmon moving to the uprer ranids after overwintering. The regime of the
dem at Shushki- (Sura) has not been established; complete closing of the dam for
the winter is nermitted there. The question of the Kedrozero dam (Liz iwa)
which prevents the passage of salmon to the upnrer svavning grounds, has not so
far been solved.

Systemotization of the exsloitztion of comnercisl stocks, nawely

&)

tranzition to concentrated fizhing vith zprrorriate modification of the industry
so that the ratic of removals to escapement should in fact be 1 : 1 snd not as

ac

it vas in the Fysl'ma in 1663 and 196k where, owing to the continustion of lake
fishing,the actual renovels were 3 times the eséapement, 3¢ e This measure
will not only ensure aga inst overfishing, but will promote an increase in

abundance (long-term experience in the rivers of the Kola Peninsulal}; because

it completely justifies itself economically it ié‘préctised in the Atlantic
salmon rivers of Murmanék and Archangel Provinces, including the largest
-Atlentic salmon river, the Pechora.

| The principles and merits of-concentrated fishing were set out more
than a century ago by K. M. Ber (1660). If we'wish the rational exploitation
of stocks of lake-river fishes and to be certain of future catches we must
convert to what is known as concentrated fishing,.in which catching is
concentrated in the river mouths. When this is done we shall have accurate

knowledge of the abundance of the stocks, which will permit accurate

calculations of the effectiveness of natural reproduction and make it possible

/l ] 20//
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to keep a check on the state of the entire population. Aftér the abundance
of the stocks has increased to the maximum possible for each fiver, the
pfoportion of removals may be increased. After the maximum abundance for
the stock has been regched it is evident that a constant number of spavwners

(or a number vhich varies slightly in relation to the amount of water in the

year) must be let through to spawn; this number will be related to the

spavning and growth area and the whole of the rémainder of the stock will be
removeda

Concentrated fishing is quite feasible at the present time in the
Shuya snd the Pyal'ma, but needs prior preparation, special traps and strict
recording, without which the very principle of fishing is lost. A repetition
of what took place in the Fyal'ma in 1963 and 1964 under the guise of
concentrated fishing is impermissible.

It is highly desirable that all fish allowed. to pass the counting
fenée should be tagged. This operation will not constitute a large amount of

work since the abundance of the stocks is slight.

The suppression of uncontrollable removals is an urgent and pressing

problem since the consequences of the catching of spawners in the spawning
grounds are particularly grave given the present swallness of the spawning
stocks. Major obstacles (''fences") are constructed in the Vodla to catch

[y

migrating salmon; there were up to 50 in the reach between Padun and the

-settlement of Vodla in 1963. Nets, spinning and harpoons are used in all

rivers. We have observed unfinished empty salmon redds in the spaﬁning

grounds in the Lower Lizhma and the Tubé because the spawners had_been caught.
In the case of concentrated fishing and the calculated escapement of

spawners uncontrollable removals will distort calculations of the commercial

return in addition to reducing the future catch.




“autumn; the losses to future catches from each thousand fingerlings will be

example, on Baturday and Sunday), which will facilitate the conservation of the
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Another form of uncontrollable removal on a larger scale is the

catchihg of salmon fingerlings by rod and iinez which is practised both by
adults and by children. It océurs in all rivers with the exception of the
Vama and in part the Fyal'ma. According tc our calculations, this fishing
does at least as much harm as the catching of spawners. Tens of thousands

of smolts and large parr are caught in the rivers between the spring and the

at least 5--10 centners.

TImorovement of the Fishing Regulations is necessary because eremies
and competitors of the éalmon are protected by the total ban on amateur fishing
in salmon rivers established by the existing regulations (1960), and this runs
counter to what is intended.

In those rivers whefe no measures of biotic improvement will be
carried out rod fishing and fishing with live bait (but not trolling %) should
be permitted, but only in reaches that do not ﬁrovide pbols for salmon and
wnitefish. This is needed in the first instance to put down pike. Such
fishing may be permitted in all rivers before improvement works are carried out
» AR S
in them. :

In order to. minimize the possibility of uncontrollable removals in
salmon rivers, it is possible, firstly, to allocate certain reaches of the

rivers (apart from the rapids) on a contractual basis to teams of fishermen and,

secondly, to permit fishing in salmon rivers on.only two days a week (for

rivers.

ITI. Inprovement Works.

The purpose of improvement works is to increase the productivity

YT (ALY A P
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of spawning and growth areas and thus to compensate the reduétion in the
resources of spawning grounds. - Such operationé vere until reéently
iméossible and undesirable since there was intensive logging in almost all
the rivers of Southern Karelia. With the cessation of logging it is‘
beconing necessary to carry out a combination of improvement works and not
merely to- clean up the rivers. when deciding on the allocation of resources
for improvement works it is naturally essentiel to take inteo consideration,
in addition to the natural features of the river, the prospects.of its
econonic exploitation and the technical yotentialities of improvement works.

Because there 1s no hatchery in Lake Ohega the abundance of the
salmon may be increased only by natural regroduction in the rivers nof used
for logging. It is shown by foreig research and experience that the carry-
ing out of biotic improvement (the suppression or total elimination of enemies
and competitors) may sharply increase the productiviiy of spawning and rearing
grounds.

A mumber of investigators (Foerster, 19%8; Ricker and Foerster,
:.‘1948; Blson, 1950, 1962; " Allen, 1951; Ricker,“ﬁ95%; Smith, 1955;' Watt,
1955; Horton, 1961) have gstablished the high level of losses due to the
destruction of young fishes by predators. Thus, according to the estimate

of Allen, the losses of young sea trout (Salmo trutta) by the end of the

N .

second year of life reach 80--9% %, and in the case concerned (New Zealand)
eels are the greatest predator. The only way fo increase the productivity of
a body of water is to destroy the predators (fishes, birds and mammals) which
consume the fish which are of concern té us, and no other measures can correct
the position. The ex@erience of Canadians (Smith, 1955) has‘shown that the
fertilization of trout lakes and the intrcduction of hatchery-reared young did

notproduce an increased yield until the predators (eels and fish-eating birds)

/i22/




which had consumed the whole of the addition_t; the yield began to be
destroyéd. However, once the predatoré had beeﬁ destroyed the yield of the
trout increaséd by 6.5 times at the former stocking density and by 11 times
at double the density, although admittedly the growth rate was slightly lower-

ed in the latter case. The weasures for control of rredators are fishing outy

removal of watér) at the river head, and the shooting of birds.

lzkes may yield very good results. Thus, the

1

The fertilization o
size of downstreaw-migrating red salmon.vwas increased by this measure in Bare
Lake (Alsska) and, as & resﬁlt, survival in the sea was increased and the return -
rose from 2.26 to 7.89 %, (Kelson, 1959). This measure may be rooommonded for
our source lakes which are the origin of emall spauning rivers (e.g. the Upper
Lizhma and the Elgaﬁka)o The fcod supply of the young will be increased by
plankton carried out of the lake, wvhich is very imporﬁant’in the transition to
active feeding. An attempt may also Ee riade to introduce young directly into
the lakes after undesiraﬁleAfishes have been eliminated from them (chemical

means meke this an easy matter). However, it must be remembered that over-

»

fertilization is far worse than inadequate fertilization, since it way lead to
total mortality of the fish as a result of oxygen starvation. |

| According to the observations of A. A. Zabolotskii (1959), parr are i
able to grow well even in small lakes without an outlet, in which they transfer

to predatory feeding (on minnows). It might be appropriate to stock some

fishless source lakes with the smelt or the minnow in order to provide food of

suitable size for parr.

The destruction of undesirable fishes in salmon rivers will permit

of an extension of the use of such a measure as the stocking of the vacated

areas with young. Failures in the release of larvae due to predators have

. b riken s ot ey LR
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obliged a switch-over to the release of older young with which, for example,

and this / 123/

pom

'  vacated areas in the Gamryroy River were filled (smith, 1963), .
stocking has led to a positive result. But in the absence of predators, as is
the case above the dam in thg Lover River, the release of larvae yieids an
excellent commercial return, in which wniform distribution of the larvae over
the whole of the suitable area goes hand in hand with success (Larsen, 1959).
It is far simpler to transport and release salmon aé larvae than as older
young.

After enemies and competitors have been suprressed in rivers

obstacles rust be erected to kacyp these fishes out of the river. In some
cases it way apparently be possible to use rotating net drums or webbing of the
type used abroad (Isaev, 1962). However, in our view, small dams with a drop

of 1.5--2 m, which are insurmountable to all fish excépt the salmon, will be

oF
1.

. most effective. It is L’-ﬂecisely. because of such a dam that the salmon in the
Tuba has existed under conditions approximeting to monoculture.

Before the dovmstrean migration of the smolts begins the reaches of
the rivers below the obstacles must be fished ou?‘thremove predatofs or
chemical repellents must be used, | |

The following improvement works need to be carried out in the rivers
of the basin of Lake Onega.

' Rubble, submerged logs and unnecessary logging structures must be
.removed from the river bveds. Tt is an unrealistic undertaking to remove bark

from the river bed, since not only are there no machines for this‘purpose, but

none are being designed, and even the raising of submerged logs is carried out

manually.

The cutting of vegetation in bays around the river mouths and in the
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‘loﬁer reaches, which is needed to worsen éenvironmental conditions for the pike.
The suppression of predatory and worthless fishes. The different
appréaches which are practicable in different rivers include, for example;
a) the fishiné out of all fishes enterirg the river between the ice run and the
start of the salmon and whitefish run, for which purpose the bed is coupletely
fenced across with fine-mesh traps; b) amateur live-bait fishing in the poolsf
¢) use of the chemical method or electrofishing for the complete treatment of
smalt rivers.
Spavning rivers cannot ve brought into a proper state unless a

specialized fish breeding and improvement station is organized. The vnrincinles

««

wvorked out by G. V. Nikol'skii (195 ) for the operation of such stations for the

salmon rivers of the Soviet Fer fast are largely also applicable to the conditions

of Karelia Ls yet, however, it is not rlanned to set up an improvement station -
in Karelia and to carry out improvement oi tne salmon rivers.

One of the causes of the underestimation of improvement works is the
lack (both in our country and abroad) of precise data for estimation of the
possible yield of dovnstream-migrating salmon per hectare of spawning and growth

area after the improvement of the river. It is therefore not clear to what

extent the loss of spawning grounds (and catches) througﬁout the basin of Lake

Onega may be made good b& the improvement of the remaining small and mediuvm-

sized rivers. It was solely for this reason that improvement wvorks were nof /12ﬁ/
included in the "Genersl Outline of the Developmént of Lake and Pond Fishing in

the Karelian ASSR" (Gidrorybproekt, 1964). A

The supposed high cost and the lack of mechanization are serioué
argunents against melioration. The point is that the existing legislation on
water use does not provide means of obliging logging orgonizations to clean the

rivers. The results of the mismanagement of the timber industry are therefore
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turned into grest losses and great expenditure Tor the fish industry.

re the situstion to be different, the expenditure on fisheries

5 .

»
improvemeﬁt would be very siight: it would reduce mainly to biological neasures,
to eliminzatio_n of the enemies end competitors of young salmon end whitefisne
This is quite feasible with the existing methods in small and mediun-sized
rivers. Tre Earrying out of biotic improvement to increasc the efficiency of
natural reprodﬁction will therefore be desirable and undoubtedly éCvantageous in
those rivers in which technical improvement is not reguired or where the amount

of technical improvements needed is small.

11T, The Feossibvle Abundance of the Salnon in Leke Onega.

In looking at the size of the lake, iis vroductive potentialities
should rot be overcstimated. At.the present level of development of the
resources of. the industry, Lake Cnega cannot be regarded ﬁs more thgn a "live
container!, from which the contents may always ge exhausted. It is therefore
extremély important to determine the maximum quantity of predatory fishes,
including salmon, which may be fed on the planktqp—ﬁgeaing fishes (vendace and
smelt) and how intensive vendace and smelt fishing should be if reproduction is
net to be disrupted.

It is essential to determine.this in order not to allow the product-
ive properties of the valuable vredators to be lowered (slowing down of growth
and maturation which will lead to an increase of tﬁe feeding ratio). This will
occur if the abundance of predators is excessive with limited fcod resources,
i.e. if the food supply is inadequate. Such a feature has been obser;ed in the
breeding\of trout, not only in the system of small lakes of the Solovetskie
‘Islands (Gul'el'mi, 1888), but also in fairly lerge and prodtctiveAlakes of

New Zealand (Percival and Burnet, 1963).
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r many salmon may be fed in Lake Cnega ?  Unfortunately, we are
unable to give a clear answer based on a knowledge of the abundance of plankton-

~-feeding fishes. However, a knowledge of the changes occurring in Lake Cnega

in epproximste estimete of the vermissible abundance of salmon

o]

cdoes vpermit of
based on fisheries data. This figure may vossibly turn out to be understated,
but in this case understatenent is less risky than overstatement.

The.following remarks should be mede concerning the plénned Qatch in

the General Cutline (2000 centners). This figure is not suvported b
s -

calculations on the food resources. It is arcsrently overstated, at all events

for the present condition of the lake.
The point is not only that there has been no increase in the
abundance of the vendace and the amelt, which are the food of salmon and other

ors, since the end -of the last century, i.e. since the time when

-t

ma¥imun salmon cetches were iixed. . il. Pushkarev (191ka) noted such a heavy

reduction in vendace catches that the vendace fishery hsd become uunprofitable.

Complaints by fishermen of a reduction in vendace catches had earlier been noted

by K. F. Kessler (1868) and N. Ya. Danilevskii (1875).
In addition to the disappearance or reduction of some stocks of

vendace and smelt, there has been a heavy increase in the rate of exploitation

and in the catches of these fishes throughout the lake by comparison with the

last century and a corresponding reduction in the proportion of them available
for predators. However, it was noted as long as 50 years ago by N. N.
Pushkarev and slightly later by V. V. Veshchezerov that salmon catches were
dependent on the abundance of the vendace.

At their present low level of abundancg salmon do not eéxperience lack

of food, as is evident from the growth rate and the time of maturation.

However, the existing food resources will be inadequate with the present frend
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of the industry for a tenfold increase in the fish mass of the population.

The following facts are indicative of a reduction in the food
resources of rredators.
1. The vendace stock in Kondopoga Bay has been destroyed by

effluent dischareed by a pulp and paver combine (catches reached 1000 centners
15) pulp pax

et

2o Th%entry of the smelt into Petrozavodsk Bay has.been reduced
in recent years owing to its pollufion. The vendace, which was previously
vlentiful here (Pushkarev, 100Ca), has yracticaily disaﬁpeared.

. The vendace stock in the area of Velikaya Bay hss ceased to be
of conmrmercial importance (according tq the data of Xarelrybvod, pre-war catches

wvere rmore than 2.5 thousand centners); overfishing is a possible cause.

o

I,

-

'he abundance of the scuthern vendace stock in the area of
Cave Petropavlovsk has been reduced, aprarently as a result of overfishing:
the catch, which was of the order of 3000 centners in 1898 (21000 poods.
Pushkarev, 1914a), fell to 1000 centners in 1934--1935, GL3--233 centners in
1956--1961, only 97 centners in 1962 and 170--650"centners in 1965n;1965.
The assumed cause of reduction in the abundance bf the stock in recent years
is the heavy silting observed in 1967 and later as a result of the dumping of
bottom material from dredging of the Volga-Baltic canal:
‘ a) the increaséd turbidity greatly impeded fishiné;

b) the increased turbidity may have forced the vendace to alter the.
usual paths of its spawnibhg migrations.

5. Removals of the vendace and smelt have been increased.

a) According to K. F. Kessler (1868), vendace catches at Tolvuiskoe

Onego (the main fishinr cround) 4id not exceed 15000 poods + 1200 poods of
. [ O p P

vendace roe = 2600 centners; in 1870--1871 (Danilevskii, 1875) the catch was

/126/
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4300 poods of vendace + 400 voods of vendace roe = 830 centners. In the
reriod 16L8--1251 catches in the same area rangéd Letween 3212 and 8366
centners and vere on average 5300 centners Therefore, the average catch of
these years vas mofe than twice the record catch in the nast.

L) Merezhe (hoop net) fis 11ng for the smelt in the Shala area,
vhich was begun in the 1870s, wse initially carrisd out on a swall scale
limited to the needs of the fisherwmen and the not-very-nwasrous ldéal
porulaticn. “he 1623 catch of {26 centners was regarded as extremely éuccess—
ful: the ewelt Yaslked to be cauzht' (Logashev, 1921). In 1948~-1031 the
smalt catch in this arvea vas 1572--2286 centners, on average 1940 centners, or
2.3 times thg former record catch. In 1962-~1965 the catch by the fishing
brigades of the fish corbine slorne varied be tween 1690 and 3270 centners, on
average 2500 céntners, or 3 times the catch in 19 LCa

¢) A similar pattern is also observed in thé southern part of the
lake ~-~ in the Fetrogzavlovek, Vytegrs aﬁd Anioma-fishing grounds. In 1928
the catch here was only GOO centners (Veshchezerov, 1931). In 1948--1651
ﬁatches ranged from 1572 to 2845 centné&s, on average 2“00 centners.  Smelt
catches in this area were even further increased in the subsequent years: in
the period 1956--1965 they were between 2669 and 5324 centners, on average
3700 centners. .

Such an increase in the smelt catch is characteristic for the lake
as a whole. The smelt catch now exceeds the demand: d4) the demand of the
population is low; b) far less is required for canning and other forms of

&L

processing than is caught; c) state fur farms prefer sea fish because it is

cheaper.

By continuing to fish for the smelt on the present sdale we are
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reducing the food resources of more valuable predatory fishes -- salmon, trout,
char, pike-nerch and vhitefish (a facultative zredator). The economic
expediency of continuing such fishing is doubtful.

6.  Special fishing for rope (with "nutniki"), which was . earlier

rractised, has long been abandoned since it is comrercially unprofitable and

¥

forbidden for the porulation. Lccording to available observations (Pokrovskii,

o

1

1953), the abundance of the vendace mey ve largely limited by the pope which

U

he spawning ground.

ct

consumes its eggs in

ierefore, faced with the disappearance or sharp reduction

1

e are, t

of th

o

vendace and with fishing for it and for the smelt

[h

of a number of stock
which is extrenely intensive by comparison with the last century, i.e. with an
overall reduction in the food resources of predators. Although, on the other

hand, the abundance of wike-perch, burbot, char, trout and whitefish has been

o

savily reduced, we canrot be certain that the food resources thus "freed” will
naice it possible to support a salmon stock which will equal in fish mass the
lost catch of predators. Given the present trend and rate of exploitation in

Lake Onega there are therefore no grouvnds for Countigg'on a salmon catch of
2000 centners, especi;lly because such catches are not known even for the best
times in the pest (tableé 26 and 27; fig. 25).

A very rough calculation may be made of the food (smelt and vendace)
neéded to obtain 2000 centners of salmon. The food ratio for the salmon has
still not been established, In rainbow trout reared on fish meal the food ratio
ranges from 5 to 7. It should unaoubtedly be considerably higher in the salmon
(longer feeding period, expenditure of energy in the search for food) end at all
events at least 10 . Therefore, to obtain stable salmon catches of 2000

centners at least 20 000 centners of smelt and vendace should be left annually

for the salmon. = In addition, some guantity of these fishes is essential for

/127,
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fishing, for other pfedators and, finally, for rebroduction. What part.of the
smelt and vendace povulations should be left for repreduction to prevent a
decline ‘in their abundance has not as yet been established. But even wvere this
to be known, Vwe could not give clear recommendaéions on the reconstruction of
the Ffishery. The point is that no attempts have hitherto been made to estimate
the abundance of stocks of plankton feedér5~in Lake Onepge and the extent to which
they are éxploited by the industry.

In recent vears (195%--1965) the industry has taken between 10.3 and
16.5 thousand centners a year of vendace and swmelt combined (table 33), on
average approximetely 15 thousand centners. Food ratios may be used to make an
admittedly very approximete estimate of the proportion of these fishes which will

remain for nredators. The vendace and the smelt are consumed by salmon, trout,

char, burbot, pike-perch and to a lesser extent pike, rerch and whitefish. The

last two species have not been considered in examination of* catches of »redators,

The catch of predators was 2674 centners in 1930; between 1953 and
1965 catches ranged from 1274 centners to 3887 centners (tsble 33), on average

approximately 23C0 centners. The last-mentioned figure should be increased to

[

2.5--% thousand centners to account for the developed amateur fishing and the
wastage of catches. If 1/3 of the stocks escapes being caught, the total fish
mass of predators may be estimated at 4--5 thousand centners. With a food

ratio of 10, 40-~50 thousand centners of plankton feeders are needed to support

“such a quantity of predators. Unfortunately, no estimates have hitherto been

made of the remaining reproductive paft of the stocks. Tt may be assumed that
at the present rate of exploitation of the vendace in the main fishing grounds,
Tolvuiskoe Onego, no more théﬁ Y3 of thé stocks approaching the spawning
grounds avoids Being cavght. The situation is épparentiy the same with the

smelt in the Shala area.

/128/
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Key to Table 3%3: 1. Table 33 2. Structure of ca#ches throughout lLake

Onega. Proportion of plankton-feeders and predators 3. Total catch
throughout the lake, centners 4. Catch of vendace and smelt, centners
5. Proportion of vendace and smelt in the catch, % 6. Catch of predators,
centners 7. Catch of predators as a percentage of the catch of plankton-

feeders 8. Table 33 (continuvetion) 9. thousands of centners  10.

Means.

If the Mavoidance!" is extended to 1/3 (i.e. approximately 7000

centners) of the catch of vendace and smelt throughout the entire lake, the
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anmual balance of gross production of plankton;feeders appears as follows:
40--50 thousand centners are consumed by predators (natural mortality);

15000 centners are removed by fishing; 5--10 thousand centners remain for
reprodﬁction; a total of 60--70 thousand centners is the annual "turnover! of
plankton~feeders.

Is a considerable increase in the abundance of plankton—feeders
possible, for example to 2--3%--5 times the existing level ? There is as yet
no answer to this question, primarily because we do not know the extent:to which
plankton feeders are supplied with food and whether there are "free' resources
of plankton. There may be random causesfor the reciprocal relationship
observed between vendace and smelt catches (fig. 27). But, on the other hand,
we know that such a pattern may characterize competitive relationé when the food
resources are under pressure.

On the basis of all thét has been said,-we should not plan to obtain
a gross'yetufn of salmon (catch + number of fish for reproduction) of more than
1000 centners a year, at 2ll events not until the food resources have been
clarified.

A relative excess of feeding salmon wifh iﬁmited food resources may
lead to an undesirable deterioration in growtﬁ and to retardation of maturation
and, coﬁsequently, slow down the rate of return, the recouping of resources
expended on fish management. Ho;ever, if the food resources are sub§equent1y
found to be adequate, the number of salmon could.be~increased.

In order to make better use of the food resources in the lake the
abundance of other salmonids (trout, char and whitefish) should also be
increased. The most desirable and suitable whitefish ar; lake-river forms

which are readily accessible for fishing and whose abundance can be regulated.

There is no clarity concerning the possible (or meximum permissible) abundance

TABLY ATIINL IS g Neare K5 RS IEred B ST
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Fig.’27. Relationship between vendace and smelt catches in Lake Onega.

Continuous 1line -~ vendace, broken line -- smelt.

of these fishes. Solution of this question depends on what will be accepted
&5 the optimum structure of catches throughout the lake. In addition, as in
the case of the vendace and the smelt, it is not clear what part of the stocks

should be left for reproduction if we count upon natural reproduction.

IV. The T'ish Hatchery and Natural Reproduction of the Salmon.

The need to construct a fish hatchery to maintain and restore stocks
of the Onega salmon vas already apparent more than half a century ago
(Pushkarev, 191hb, 1914c; Borodin, 1916). This need has now become even more
acute. The profitability of salmon fishing under present-day conditions is
confirmed by the calculations of GosNIORKh (State Research Institute for Lake
and River Fisheries)(Khalturin, Leizerovich and Yandovskaya, 1966) and by

foreign experience (Carlin, 1964).
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The construction of a hatchery and convérsion to the argificiél
~ propagation of the greater part of the population while making simultaneous
use of the rivers (spawning and stocking) will make it poséible to resolve a
number of difficulties and holds out tempting pfospects.

To begin with, it is only in this way that the number of fish may
be increased ih a short period to the deﬁired limits (in conformity with the
food resources). Secondly, the size of the removal (catch) increases, and
in the cése of hatchery propagation alone becomes practically equal to the
return, since a small quantity of spawners is needed for reproduction.

Thirdly, by annuélly releasing a regular quantity of standard downstream
migrants it is possible to count on obtaining more stable catches in the
future,vsince the fluctuation in the yield of young in years4when conditions
differ, which is a feature of natural reproduction, is excluded. Fourthly,
selection which will subsequently increase the efficiency of fish culture
becomes possible. Fifthly, if more young are reared than are needed for Lake
Onega they mey be introduced into other suitable bodies of water. Finally,
the construction of a hatchery will make it possible to use vacated growth
areas.in thosé rivers where the salmon stock has éis;ppeared or is on the verge
© of disappearing. In this case previous preparation will be necessary
(destruction of enemies and competitors), after which such rivers (mainly small
and medium~-sized rivers) may be stocked even with larvae, quite apart from older
.young.  This form of combination of hatchery and natural reproduction will -be
particularly desirable if the contribution of haﬁchery'propagation to the
maintenance of numbers is not overwhelming, for example if initially there are

insufficient growth areas (ponds) or insufficient food for the production of

smolts.

Even were we to be able to replace natural reproduction completely by
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hatchery reproduction, there would be no justificatioﬁ for refusing to use the
rivers. The task of fish management is to make effective use of bodies of
water and not to leave them in a chaotic state.

At the present time natural reproduc%ion'can do no more than maintain
the population of the -Onega salmon at the present low level and we cannot count
on an increase in catches. Moreover, éatches will be extremely low by the
beginning of the 1970s and even in the subsequent quinquennium they will not
rise aboﬁe the mean. Every measure must be taken to conserve the stocks which
still exist so that there should be material for the hatchery when it is
constructed. Tﬁe salmon of the Shuya River and the autumn salmon of the
Pyal'ma River are most suitable for propagation. The salmon is the most
valuable and fast-growing of the lake predators. Acceleratéd.hatchery réaring
of smolts, i.e. reduction of the river period, is one way of hastening the
return and recovering the investment. The selection of fast-growing and
maturing forms is another way which is also unthinkable without hatchery
propagation. Should a fish hatchery be constructed and begin mass propa~
gation.of the salmon by 1975 a commercial return will be obtained by 1985 and
the'size of the catch will depend on the intensit& 65 fish culture.

- Irrespective of the prospects for the construction of a hatchery it is eésential
to proceed with improvement and intensify the utilization of the spawning and
growth areas, since for the next 15 years at the very least the catches will be
provided exclusively by natural reproduction and their amount will be determined

by the state of the resources of spawning groundé.
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