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RUEWORD 

Some results of a study of the.salmon inhabiting Lake Onega are 

set out in - this pamphlet. 	The materials on which the work is based were 

collected in the• years 1959--1965 when the author was studying the spawning 

grounds of the salmon in the basin of Lake Onega and was at the sanie  time 

making observations on the commercial stocks 	The estiMate of the 

abundance of stocks and of the entire population is based on the state in 

1965. 	Materials and observations of later years have not been included • 

in the pamphlet. 

This book could not have appear e d. 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. . 

" 2 

Numbers in right margin indicate corresponding pages in  original text. 
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. In Memory of 

Viktor Vi'ktorovich Azbelev (1905-1968) 

and Leonid Pavlovich Kriulin (1941-1967), 

students of the Atlantic salmon , 

INTRODUCTION 

The lake form of the Atlantic salmon /Salmo.salar L. morcha sebaco 

(Girard)/ is found within the range occupied by the Atlantic salmon (S. salar 

LJ now or in the recent past 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 America, Newfoundland, Norway, Sweden and Finland. 

In the USSR the lake salmon is confined to Karelia, where it in-

habits Lakes Onega, Ladoga, Sandal, Yanis"yarvi, Vygozoro, Segozero, the 

Kuito Lakes (Upper, Middle and Lower), Nyukozero and Kamennoye. It is 

- possible that very small, but independent stocks will still be discovered in 

two to four lakes of Central and Northern Karelia. 

Although the salmon has long been specially fished in the above • 

lakes, the scale of fishing and its economic importance have been slight in 

most instances. The two largest lakes,  Ladoga and Onega, are an exception; 

in them the role of the salmon fishery has been of more than purely local 

significance. Old fisheries statistics show that the salmon catch reached 

2500 centners 1
in 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. 

/5/ 
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subsequently sharply reduced for various reasons, although to differing 

degrees. 	It  • is now only in Lake Onega that  the  salmon has retained its 

independent commercial importance, but even in this lake the position of 

its stocks is extremely unfavourable. 

The :Lake  salmon is of great interest both economically and from 

the point of view of an understanding of its biology, a feature of which is 

extreme adaptability (plastichnost 1 ). This feature makes the salmon an 

extremely promising subject in rational lake management. It enables us to 

select those stocks which are found to be the most convènient 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 lines.abroad.. 

In the interests of development of the fish industry it is essential 

that urgent measures should be taken to increase 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 our knowledge of it enable us to solve practical problems? 

Isolated pieces of information and references to the salmon are 

scattered throughout a large number of sources, but the over .whelming majority 

are devoted to salmon fishing. The most valuable and extensive information is 

to be found in the writings of K. F. Kessler (1868), N. Ya. Danilevskii (1875) 

and in a number of the works of N. N. Pushkarev, 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 tagging. 

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 1948-1949,7257 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. Zborovskaya compiled a valuable summary 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  spawning rivers and of the 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 

our disposal satisfy us, since they are far from adequate even for an 

approximate calculation of the optimum volume and structure of lake salmon 

manageMent. A number of aspects of the biology of the lake salmon remain to 

. be clarified; these include such important characteristics as 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 parasitological situation and other 

aspects without which a quantitative description of the population regime is 

impossible. The foregoing questions should therefore be the subject of 

. further investigation. 
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Chapter 1 

FROC:DUIUL ^UESTICUS 

Investigation of the Spawning Rivers. 

The object of the investigation was to take stock of the spawning 

grounds and to estimate their state and, where possible, their utilization. 

There is no generally-accepted procedure for taking stock of 

spawning grounds. Data on the fall of a river, on the length of the rapids 

in it and on mean annual water discharges provide only a general ropresent-

ation of the river and do not allow its value for the renroduction of the 

salmon to be assessed, especially in the absence of reliable information on 

'the - size of the stock and on its distribution in the river. 

For various reasons (unsuitable bottom material, natural and 

artificial obstacles to Migration etc.) far from all the rapids in a river 

are capable of being utilized by salmon for egg laying. As a result of 

investigation we sepixate from the total number of rapids the "spawning" 

rapids, or spawning  grounds.  By a "spawning ground" we understand 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 spawning grounds were 

subdivided into "existing", i.e. used by the salmon 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 may, therefore î  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 spawning area proper. The area in which 

growth takes place may include all stretches-of rapids (except for waterfalls), 

including stretches unsuitable for spawning which may be entered by the young 

Salmon as a result of migrations. 

It is desirable for practical reasons to use the concept of a 

spawning-growth area", ihcluding in it the entire area of the rapids in which 

spawning takes place and which is continuously inhabited by young. Because 

the size of this area »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 

aa its basic size. 

The following rivers were examined between 1959 and 1964: Shwa, 

Syapsya, Kutizhma (in part), Upper and Lower Lizhma, 

Elgamka, Sordiya, Sheichuga, Syargezhka, Kumsa, Oster, Vichka, Nemina, Pazha l 

 Pyarma, 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 



rivers were investigated. on foot. 	The record which was made of the number 

• 	and size of spawning grounds gave an idea of the effect of logging, un- 

controlled renoval and alteration of the regime of the rivers on the re- 

rroduction of the salmon. 	In addition, observations were made on spawning 

and on salmon rodds in the Syapsya,Lower LiZhma, Tuba and Varna Rivers. 

II. 	Collection of Materials on the Structure of the Stocks and 

Determination of the Age of the Salmon. 

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

assume d .  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 were taken throughout the entire run. All the fish in small catches 

were measured as a rule. 	If the catch exceeded 50 fish, the proportion of the 

1110 	catch which constituted the sample has been noted. The samples were fully 

representative; they were from 25 to 80 % of the total catch. An adequately 

complete picture of the structure of the stocks is therefore arrived at by 

simple addition of the mean samples. Furthermore, since the rate of removal 

is considerably in excess of 50 % in the Shuya and the Pyarma, 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 

appearance; the correctness of the determination was, 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. 

If dissection was impossible, the sex was not recorded. 

The material collected for determination of the structure  o the • 
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stocks between 1958 and 1965 totalled 5496 fish, of which 4666 iere collected 

personally by the author or with his participation and 830 were kindly supplied 

by Karelrybvod. The material on the salmon during the feeding period was 

small in quantity (200 fish). The explanation for this is the banning of 

"garva" 1
fishing since 1958; this salmon is not often found in catches of other 

fishes .,  

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

the upper horizons of the water. 

Special consideration should be given to the determination of age. 

For comparable results to be obtained it w as  essential that all investigators 

'should adhere to a standard procedure. Unfortunately, this does not in-

variably happen in work with the salmon. 

The "stumbling blocks" to determination of the age of the salmon are 

the "transitional" zones lying between. the river zones and the feeding zones, 

the spawnihg marks arid also the areas of damage ("epitheliomatous erosion") 

caused by some disease Of the epithelium, which are extremely similar to 

. spawning marks. 

Transitional Zone. Elucidation of the time at which and the 

conditions under which the "transitional" ring (or."transitional" growth zone) 

forms is of great importance for its correct interpretation and, consequently, 

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 the feeding 

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

• 

/9/ 



• 

- 10 - 

regard the transitioral ring as an annulus 

of the feeding period (Yankovskaya, 1958; 

Enyutina, 1962; Bilton and Ricker, 1965). 

istics is thereby-  complicated. 

The fact that a "transitional ring" is to be found both in the 

marine and in the lake salmon removes the basis for the assumption of some 

authors tKuchina, 1939; Svetovidova, 1941) that the formation of a 

"transitional" ring is due either to an alteration of salinity or to 

retention of the salmon in semi-freshened parts of the sea. 

L. A. Yankovskaya (1958) relates the formation of the "transitional" 

ring to the time of downstream Migration of the smolts. Were this to be so 

the percentage of fish with transitional rings should be lower in stocks with a 

shorter downstream migratory path,.but this is not. found in the rivers of Lake 

Onega. 	• 

The different frequency of fish with "transitional" rings and 

differences 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'conditionà- hh thé smbIts 

encounter after downstream migration. This iew is confirmed by the elegant 

experiments on the rainbow trout conducted by Bhatia (1932), who demonstrated 

that scale structure precisely reflects alterations in the availability of food. 

All kinds of rings, including 

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. 

Yankevskaya (1958) and M. N. Mel'nikova (1959). 

and include it in the first year 

Eelinikova, 1959; ..Binian, 1960; 

The comparison of age character- 

"transitional" rings, were obtained in these 
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The few sclerites (2-4) of spring growth which form in a small 

proportion of the smolts while still in the river, before the-time of down-

stream migration to the lake, may in essence also be included in the trans- 

itional zone. According to our materials, the vast majority of downstream - 

migrants do not have springtime river growth. This is in agreement with the 

conclusions of A. R. Mitans (1965; for the Salatsa River in Ietvia).' 

• 	In determination of the age of the Onega salmon, we included the 

transitional zones and spring growth of downstream migrants in the first year 

of the feeding period. Even although M. B. Zborovskaya regarded the 

transitional zone as a year of river life, her materials are quite suitable 

for comparative use. 	The point is that the percentage of fish with 

transitional zones in the salmon stock of the Shuya River, for which M. B. 

Zborovskaya collected the greatest amount of material, is very small, no more 

than 16 %, and consequently the error will be slight. This remark should be 

borne in mind in the analysis of the annual variations of population structure 

given in section VII of chapter 3. 
N 

Spawninz_marks (Russian terms: nerestovye metki, otmetki; znaki)
l 

 

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

possibly, also, of the special features of the rivers), are Oncountered with 

widely . varying frequency in different years, from 50 % to 5 % or less. Some 

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

authors, including Z. V. Prozorova(1951), do not consider the age of fish which 

have spawning marks, but merely refer to their'percentage in the catch.. The 

reason for this is the lack of any precise underStanding as to the period of 

/10/ 
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time to which a spawning mark corresponds, i.e. by  ho:  much the number of 

years must be increased after the annual zones have been counted. 	However, 

by refusing to consider the age of fish which have spawned previously we 

deprive. ourselves of the possibility of estimating the abundance of spawning 

stocks in past years and the extent to which these stocks were fished. 

The lake salmon, which enters the river with a completed annual zone 

(additions are extremely rare L), passes 6--12 months in it since a proportion 

of the "vaPchiki" 2
migrate downstream immediately after spawning, and the 

remainder in the following spring, in the beginning of May -- beginning of June. 

2 
Val'chiki are spawned salmon leaving the river. 

In anj case the varchiki cannot begin to feed intensively until May when the 

smelt approaches the river mouths. A fish needs to spend at least a year 

(12--16 months), and sometimes 2 years in the lake for restoration  of its weight 

(the weight loss reaches 40 %) and develorment of the gonads. 	When salmon were 

tagged in Gross Lake (Maine, USA) it was found that the lake salmon spawned in 

the next year but one and only exceptionally in the year after spawning • 

(Warner, 1962). The spawning mark 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, 	/11/ 

. 1931c; Pravdin, 1948b). T. I. Privol'nev (1933) takes the spawning mark to 

be 2 years in the autumn Atlantic salmon, and we should evidently agree with 

this. • 

Scales with srawning marks should be examined very closely since 

erosion. frequently covers several peripheral annual zones, especially in males. 
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The age may be understated if the last zones are not noted. 	To avoid this, 

scales must ho  taken in two places: firstly, as is normal, below the dorsal 

fin where the scales become submerged in the skin in the post-spawning 

condition ("loshanic")
1and are heavily eroded, with the result that the spawn- 

ing marks are excellently apparent on them, but the peripheral•annual zones are 

frequently "overlooked"; secondly, from around the pelvic fin where the scales 

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

completely absent, but all the -zones are preserved. Such material was 

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

collected from 1960, since the defects of the former method were already 

apparent in the first year of the oPerations. 

Pectoral-fin rays and otoliths 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 are not prepared at the 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 estilblished. This disease has not previously been 

recorded for Lake Onega. In the opinion of O. N. Bauer, who examined a 

diseased fish sent by the author, the condition is "epithelioma", 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 
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disease" found among salmon in the rivers On the western coest of the "British 

Isles (Scotland). 	This disease is seen . in fish inhabiting small rivers in a 

hot 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. 

. Seme of the foregoing information is in agreement with our 

observations. 	Immature parrs are subject to the disease as well as dwarf 

males. 	Infected fingerlings (up to 20 % in the catch) are encountered in 

August and September. They later disappear somewhere and it may be that they 

are in fact cured 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 	/12/ 

suffering. Evenihose fingerlings in which up to a half of the body surface was 

affected were able to maintain themselves in a fast current, were active and took 

the bait well. Infected dwarf males are found around the reads together with 

healthy fish. The disease was not noted in smolts or in silvery parr and it was 

- in general, not encountered in the first  hall of the summer. 

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

These fish were caught in the Pyal'ma River or near its mouth in August and 

September. Although we did not find infected immature fish feeding in the lake, 

they undoubtedly exist, as is convincingly shown by an analysis of the scales. 

The point is that there iS no stock of the Onega salmon inclliding fish which 

mature after one year of life in the lake, like the grilse of the Atlantic 

salmon or the Ladoga grilse ("sinyushka"). This is confirmed by observations 

covering-many years, by fencing off in the Pyarma and by catching in the 

spawning grounds. The earliest time of maturation is  alter  4 years in the lake, 

but usually after 5--6 years. However, "spawning marks" are found on some fish 

after 1, 2 or 3 years in the lake but not on all scales even around the dorsal 
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fin. AU that can be assumed in such instances is that we are once again 

confronted with epithelioma. It is curious thU such fish are very rare in 

the stock of the Shuya, but usual and even plentiful in the stocks of the 

Pya'ma and the Vodla. 	If 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 prevalent in the 

northeastern part of Lake Onega between 1961 and 1965; she suggests that this 

disease was "whitefish pestilence". 	However, may it not have been connected 

with the disease of the feeding salmon, which is in constant contact with the 

vendace, all the more so because the description of the external stigmata of the 

disease is very Eimilar to that of "epitheliomawe 

The disease observed by us both in'fingerlings and in adult 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 together and cover up 

to half the surface of the body, not excluding the fins. The scales within the 

11spots" become ragged and are eroded, sometimes almost entirely. In adult fish 

Considerable portions of the body are sometimes covered by patches of very small 

(1--2 mm long),abnormally located scales which apparently grail where the scales 

have been completely eroded. Were the erosion of a scale to be partial, a 

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 sanie  fish in 	/13/ 
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different anniml zones, for exnle two years in succession, i.e there is 

- evidently no develormont of i=unity. 

The 'correct identification of "epitheliomatous erosion" is of 

great importance. 	Its confusion with spawning marks mill lead to over- 

statement of the proportion of the carry-over in the stock and this will 

distort calculationS of the size of spawning stocks and of the rate of 

removals, 

The taking of scales in two places, around the dorsal and  pelvic 

fins, reduces the probability of error. 

ITT. 	Observation--: on Younc,  Fish. 	Tau-Tim,  

Young salmon were observed in the Shuya, Syapsya, Upper and Lower 

Liv.;hrna, Elgamka, Kumsa, Nemina, Fazha, Fyarma, Tambitsa, Tuba and Vodia Rivers. 

All ages were represented in the collections, from the time of completion of 

morphogenesis (as defined by Nikiforov, 1959a 9  from the fourth stage) to smolts 

from the lake. 	These materials are in course of'processing. 

Observation of the distribution of young in the rivers and the 

nesults 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. 

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

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

males, and grayling fingerlings 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 nickel.chrome wire 

0.15 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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waS attached beneath the dorsal fin encircling the basal bones. 	In some of 

•the 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 anaesthetic. 

The anaesthetic used was the imported product chinoldin recommended to the 

author by L. A. Petrenko, a scientific °Meer of the State Research Institute 

for Lake and River Fisheries (GOSNI0RKh)(Leningrad)» The preparat ion  was added 

to the water immediately before tagging» 	The optimum concentration is 

approximately 1 	100 000; at this coneehtration the fishis anaesthetized for 

1--2 min at a water temperature of 10--200C. When a lesser dose is used the 

narcosis is shallow and the fish struggles and is injured. A dose 3 to 4 times 

larger leads to the death of the fish. Fish should not be kept in the solution 

for more than 5 min. After tagging the fish were placed in pure water where 

OM they recovered within 5 to 15 min and adopted a normal position. The fish were 

then kept for up to 2 days in running-water containers, after which they were 

released into the river; this period may be reduced to one hour. Sonie fish 

were kept in the containers for up to two weeks for observation of the healing 

of the wounds s  after which they were released. 

Subsequent observations on the behaviour of the tagged fishes have 

shown that the parr and the young grayling remained within a rqdius of up to 

50 m from the point of release for a month (September). This is in agreement 

With the observations of other authors (VladimirSkaya, 1957; Saunders and 

Gee, 1964) in which tagging was used. When fish were recaught 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 needles. Weight is determined from the amount of water displaCed • 
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• in 'a measuring cylinder. 	The !astage in catching and tagGing was 2 %. 

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

on rivers. 

• 

• 
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Chanter 2 

THE SPAUNING RIVERS OF THE BASIN OF LAKE ONEGA: COMPARATIVE 

,DESCRIPTION, STATE AND REPRODUCTIVE VALUE 

A List of the Srawninu RivP'rq 

› We know for certain that the following rivers are utilized (or have 

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 Falls), its tributaries the Sandalka and the 

Tivdiika, 

• Lizhma, its parts the Upper, Middle and Lower Lizhma and its 

tributary the Elgamka, 

Unitsa, 

Kumsa, 

Povenchanka, 

Nemina, its tributary the Pazha, 

Pyal'ma, its tributaries the Zhilaya Tambitsa and the Tuna, 

Tuba, 

Vodla, its source the Vama and its tributary,  the Koloda, 

Andoma, its tributary the Samina, 

Vytegra, 

Megra r  

Vodlitsa. 
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In addition to these 15 rivers With their 12 tributaries, according 

to N. N. Pushkarev (1900a), the salmon previousïy entered a further 7 rivers: 

the Shoksha, the Tambitsa (around Tambitqeos) and all the rivers of any size 

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

issel'ga (Tambitsa) and Filippa Rivers. The salmon disappeared from these 

Hers at the end of the last century, but the trout continued to enter them; 

they remain trout rivers down to the present. The transition 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  ente r's .;he 

Syargezhka (a tributary of the Lizhma) and the Somba (a tributary of the Vodla). 

In 1963 and 1964 there were isolated instances of saison  being caught in the 

Ragnuksa (a tributary of the Vodla) and in the Chernaya stream (around Besov Nos 

/Cape Bcsov/), where it had previously never been caught; .  this was evidently an 

instance of straying. 

M. B. Zborovskaya (1948) included the Oshta aMong the rivers which 

the salmon may possibly enter. Whether or not this is so has not as yet been 

established. Nor is it known whether the salmon previously entered the , 

tributtiries of Vodlozero -- the Ileksa, the Kelka and the Okhtomreka. M. B. 

Zborovskaya (1948) considers that it did enter these tributaries, but B. S. 

Lukash (1:939), to whom she refers, does not state anything deiinite on the 

matter but refers to these rivers as spawning grounds 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 

(nèar the source of the Varna) 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 

/1 6/ 
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3 in 1963), when the salmon succeeds in negotiating the Vama dam when the 

backwater is relatively low. However, all the 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 à river which the salmon 

may possibly 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 it. 

If, therefore, we disregard the last 9 rivers, for which there is 

no verified information, the salmon has bred in only 34 rivers, including 

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

PhysiorTaphic Description of the Spawning Rivers 

It is appropriate at this point to give a geheral description of the 

rivers, without entering into detailed descriptions of each of them 

Structural features. The drainage system of Karelia is distinctive 

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

territory is one of quite rugged topography and intricate structure, The main 

features of its present-day appearance were formed under the influence of three 

main relief-forming factors: tectonic movements, denudation and glaciation 

(glacial exaration and accumulation, 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 accretionar forms and in major depressions 

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

Many of the rivers, especially the sMall ones, are practically like 



- 22 - 

mountain streams. Thoy have large gradients (average fall from 0«001 to 

0.007), a stony, little-eroded bed, as a result of which there are numerous 

waterfalls, rqpids, kareshki
1 
and shallows, alternating with pools and at 

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

1 
Kareshki are small gentle rapids« 

essentially not rivers in the strict sense, but lake-river systems consisting 

of alternating lakes and river reaches, 

The rapids which dam the pools and lakes are found in places where 

crystalline rocks outcrop in'the river bed  or in  those places where the river 

cuts its way through a moraine or glaciofluvial deposits containing boulders. 

In the latter case the formation of rapids consisting of an accumulation of 

boulders has been due to the work of the river which has, carried away the fine-

grained material and left behind the'larger size categories. 

The valleys of most of the rivers are faults and fissures in the 

crystalline rocks. For example, the narrow valley of the Kumsa River (reach-

ing a width of 300 m in the region of Kol'ozero) is a tectonic depression.; it 

has high, steep slones consisting of crystalline rocks. 	In those places where 

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

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 te 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 Lososinka 

there are terraces within the town of Petrozavodsk. 

The floodplain of the rivers is a relatively narrow, interrupted area 

of bog or meadow. Its 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 reF;ime. 	The water regime of the rivers may have a decisive 

influence on the reproduction of the salmon. Rivers withhigher 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. Shnitnikov (1962) arrived at the following conclusions in an 

analysis of the variability of general moisture conditions in the Neva basin, to 

which the basin of Lake Onega belongs. 

1. There is a well-expressed intrasecular cyclicity of general 

moisture conditions corresponding to the long-term regime of atmospheric 

precipitation; over the period from 1850 to 1960 there were four phases of • 

reduced moisture and four phases of increased moisture; the duration of the 

cycle is between 27 and 31 yéars. 

2. The intrasecular variability of general moisture conditions 	/18/ 

occurs against a background of suprasecular variability; over the secular 
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period the total moisture clearly tends to reduce. 

3.- In the secular regime of total moisture the effect of man's 

economic activity is increasingly manifested as 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 variation of the 

water level of the rivers are the spring flood (peak in May), a short summer 

low-water period, a rise, usually of short duration, in the autumn (due to 

rai)  and a winter low-water period with levels falling gradually to April. 

Levels are usually lowest at the end of March and in the—first half of April. 

Groundwater feeding plays a large  rote in the formation of discharge  in the 

winter low-water period. 

The lakes incorporated in the river systems strongly regulate 

(smooth) the annual variation of level and discharge. The size of the 

maximum 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 thqn 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 dePendent 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 discharge over the course of the year has been 

affected . by - wholesale felling of forests in the basins of some small rivers 

with a low ratio of lake surface to drainage area. Such rivers as the Vilga, 

the Upper Lizhma, the Elgamka  and the  Zhilaya Tambitsa have begun to freeze in 

the winter, which is something which, in the words of Old inhabitants, did not 

hacIpen previously. This  is  apparently connected with alteration 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 freouently lie 

below sea level. 	This is well manifested in the minimum specific rates of flow • 

in the winter. 

A. N. Malyavkin (1962, 1965) has established a relationship between 	/19/ 

the degree of lake regulation (the ratio of lake surface to drainage area) and 

the aMount of the minimum discharge. 

1. Rivers with slight lake regulation. Ratio . of lake surface to 

.drainage area 0-3 %. Minimum specific rates of flow 1--2 litres/sec/km
2 . 

2. Rivers with intermediate lake regulation. Ratio of lake 

surface to drainage area 4--8 %. Minimum specific rates of flow 2--2.5 

litres/sec/km2 . 	 • 

3. Rivers with medium lake regulation. Ratio of lake surface 

to drainage area 9--15 %. Minimum specific rates of flow 2.5--3 litres/sec/ 

/km2. 
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4. 	Highly-regulated rivers. - Ratio of :Lake  surface to drainage 

Minimum specific rqtes of floiv 3-3.5 litres/sec/km. 

The variation of winter levels, which is largely dependent on 

groundwater and bottom feeding may in some 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 	also in large ones 

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

ed 	 -ly causes egg mortality. 

Ice rerime and therral regirne. The Petrozavodsk  Observatory of 

the Meteorological Office ha  s been studying the ice regime of rivers for the 

last few years (Ustinov, 1964, 1966a, 1966b; Gromov and Ustinov, 1965). 

Nevertheless, there is still. ne  clarity .  on many points whiCh are very important 

for a study of the conditions of reproduCtion of the salmon, in as much as these • 
• have re- ined outside the purview of the investigators.. It should be noted 

that it is very difficult to set up direct observations on the effect of the 

ice regime on fishes and what is said on some points can only be tentative. 

Thus, in our opinion,  frasil  ice 	and sludge may be a cause of the death of 

spawned 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 Cm (Vama River, 

.0ctober 30—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 possibly 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), 
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and it is therefore difficult to estimate - the degree of the influence of 

this factor. 	When the bottom ice floats up -LC) the surface of the  :ater it 

carries with it bottom material, including  large  stones; this may cause 

destruction of the redds and,egg mortality. Bottom ice is also troublesome 

in the artificial bropagation of fishes (Novikov, 1932). 

•Plus formed by the accumulation of sludge, 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 stream for 

hundreds of metres and even kilometres; in such localities the water flows 	/20/ 

above the ice and bursts the banks. 	Here, as in the case of bottom ice, flow 

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 suceess. The fiShermen themselves 	 • 

consider that the harsh winter and the plugs were the cause of the reduction 

in the quantity 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. J. Shuster (1965) consider that the survival of 

eggs in redds is wholly dependent on the winter regime and -Èhey refer to 

•repeated observations of instances of the destruction not only of individual 

Atlantic salmon redds, but also of entire spawning grounds a s a result of plugs. 

Frazil ice forms every year in the rivers of Karelia; 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 November: bank ice in pools and 

f r a zil ice and sludge in rapids. The autumn ice run occurs in November. 

• 

Permanent icè is usually observed in pools no earlier than the second half of 

November; by the end of the winter its thickness reaches 70 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  sir ce 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 

March or the beginning of April. 	An ice run does not occur in ail  rivers; 

the ice frequently melts in situ in small rivers. 	Within two to three weeks of 

the river ice run the lakes connected to the rivers are opened and lake .ice is- 

carried into the river. 	There are no observations on the effect of the ice 

run on fishes. The rivers are completely freed of ice in the second half of 

April or  the  beginning of May, with the middle of May as a :late period. 

The temperature regime of the 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 

'during 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 the salmon 

in different rivers of the Lake Onega basin (end of September--beginning of 

October in the Pyarma and the Tuba, middle--end of October in the Vama and the 

Shuya, sometimes extending to the beginning of November). 	Water.temperature 	/21/ 

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 eEgs in the redds since the 

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

temperatures to above 8°C and below 0°C are impermis sible at critical periods 

(Vernidub, 1950, 1961, 1964; Monich, 1955), at all events the temperature 

should not be below -005°C (Lozina-Lozinskii and Lyubitskaya, 1940). 

Admittedly, 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 waters, although this is in 

need of verification. 	The causes of the extremely high mortality .  Of salmon eggs 

in the redds during incubation (on average 91.9 %, Nikiforov, 1959a, 1959b) have 

not been established. 	In our opinion, these causes might be supercooling of the 

water and the ice phenomena to which reference has been made above. 

The upper temperature limit is no less important. According to 

N. D. Nikiforov (19591 ), growth of ybung salmon in the summer takes  p1e when 

temperature is not in excess of 25°C. 	McGrimmon (1954) has established that. 

the heating of water to 2500  does not reveal a noticeable effect on survival 

rate, but that a temperature of 28.5oC is lethal for young Atlantic salmon of 

all ages. According to the observations of M. 1. Vladimirskaya (1957), salmon 

in the Pechora in July 1954, when water temperature reached 22.4--24.2°C, 

behaved in an agitated manner and swam to streams in which the 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 E. V. Evropeitseva (1950), 

young salmon in ponds were depressed at 25 00 and attempted to keep to places 

where there was greater flew. 	 • 

M. N. Lishev and E. Ya. Rimsh (1961) established that the abundance 
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of the salmon was conditioned by the conditions of its existence during the 

first year of life, to the underyearling stage, - Strong and average year-

classes  forme cl in years when the summer air temperature (from May through 

September) did not exceed 90--95 of the period mean and when spring-summer . 

discharge was at least 110 % of the usual (norm). The absolute index of 

the norm was 14.60C; a correlation was established between yield and temper-

ature in 75-85 % of cases. 

In the rivers of the basin of Lake Onega water temperature is 

highest in July and may reach a level at which.the salmon become depressed. 

Thus, at the outflow of the Middle Lizhma from Lizhmozero a. temperature  of 

257°C  was recorded on july 31, 1938, while the mean maximum temperature (over 

17 years) from this point was 22.3°C.' .A temperature 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 00. 	A maximum of .24.5°C was recorded for the Vodla and 24.000 

for the Shuya. 

Vater qualitp The water of rivers in the .basin of Lake Onega 

belongs to the hydrocarbonate class. 	Such water is_characterized by extreme- 

ly slight mineralization, an increased content of coloured humic acids and by 

virtue of this a weaklY acid reaction. The last two circumstances are caused 

by the considerable frequency of bogs, the overall area of which  is  approximate-

ly 30 % 'of the total  area  of Karelia (Lepin, 1 957). Bogs and lakes have an 

opposite effect on the colour index and acidity . of the water. 

The Karelian rivers are characterized by extremely'slight sediment 

discharge, which is explained by the reSistance to erosion of the rocks forming 

the bed. - Because of this the rivers have transparent 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 

/22/ 
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erosion have - not been recorded in the former areas of forest. 

The turbidity of the river water mal be strongly increased in 

soMe instances by shallow "feeder" lakes or lakes with through flow. This 

happens when such lakes are subjected to strong wind mixing as a result of 

_which silt and clay particles are stirred up and carried in suspension into 

the river. 	An effect of this kind is to be noted in a number of rivers: 

in the Shuya below Lake Vagat, in the Van a issuing from the Vavdepol'skaya arm 

of Vodlozero, in the Tuba flowing through Lake Egozero. The silt carried into 

the river settles in part in the 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 spawning). 	The sus -eended matter settles mainly 

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

the dense reed beds in the shallows of  th u river, which function so efficiently 

as a filter that transparency increased from 0.4-0.5 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 (observations in August 1963). 

Vegetation. The development of aquatic vegetation in rivers is 

dependent on a combination 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 coarse vegetation ihat such 

vegetation does not as a rule form beds of considerable size in logging rivers 

(there is no logging in the Tuba). The largest beds of submerged soft 

vegetation are found in the Tuna, the Middle Lizhma and the Syapsyal  which are 

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

There are reed beds, sometimes with bulrushes, around the mouths and outlets of the • 
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rivers in lakes through which rivers flow; considerable aggregations of pike 	/23/ 

are common . in such localities. 	For 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 grouï) 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 at least 170 km long and the mean 

71, 
annual discharge of water is at least 70 e/sec. The Vama, which is a reach 

of the Vodla, should not be separately distinguished, although this bas been 

done in table 1. 

The group of medium rivers comprises the Syapsya, Sandalka, Lizhma, 

Kumsa, Povenchanka, Nemina, Pyarma, Koloda, Andoma, Samina l  Vytegra and Megra 

Rivers, These rivers are from 15 to 156 km long and have mean annual water 

discharges of between G and 25 m3/sec. -  The Sandalka, the Povenchanka and the 

Vytegra have been rendered completely unsuitable for the reproduction of the 

salmon owing to hydraulic engineering works. Only the Pyal'ma is at present 

of commercial significance; there are very few salmon in the other rivers and 

the salmon has disappeared completely from the Koloda. 

The small rivers have mean annual water discharges of froM 1 to 4 
7 

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, 

Tilna, 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 annual discharge of water in the Tivdiika rose to 62 m3/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 hydrologic characteristics of the 

spawning (salmon) rivers of the basin of Lake Onega are set out in table 1, a 

composite table compiled from the data of S. A. Bersonov (1960), S. V. 

Grigorlev and G. L. Gritsevskaya (1959), S. A. Sovetov (1917) and L. I. 

Tsimbalenko (1918). 

Information concerning those rivers which are entered only by chance 

by the salmon or for which entry is doubtful is set out in table 2. 	Those 

rivers which for various reasons have ceased to be breeding grounds of the 

salmon and have  passed to the cater<ory of trout rivers are given at the end of 

this table. 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 

Kondo-ooga and the Lizhma. 

The differences between the salmon and trout rivers of Lake Onega 

may be summarized as follows. 

1. Even when small, salmon rivers are larger than trout rivers; 

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

the smalltributaries 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 __— 

spawning, whereas the salmon to some extent avoids such eternally grumbling 
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KeY to Table 	1. Table 1 	2. Main characteristics of spawning (salmon) 

rivers of the basin of Lake Onega  3. River, tributary 4. Length, km 

5. Fall, m 6. Catchment  ares,  km
2 7. Ratio of lake surface to drainage 

area, % 8. Specific rate of flow, litres/sec/km 2 9. Water discharge, 

• 

• 

7 

m3/sec 	10. Comment 	11. Lcsosinka 	12. Seasonal reservoir at outflow 

and three river-bed reservoirs in lower reaches, one in existence since 

1703 13. Shuya 14. Hydroelectric power station dam near the settlement 

of Ignoila (130 km from the mouth) since 1939, river bed reservoir 	15. 

Syapsya 	16 0  :alaya (Lesser) Suna 	17. No dams 18. Suna 	19. Logging 

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

Lake Pal'e -- Lake Sandal -- Nigozero 	Kondopozhskaya Bay 21. Sandalka 

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

the Catchment of the Suna to an area of 5861 km2 
was included in 1952 and 

• 3 Lhe discharge of water rose to 62 m //sec 	25. Li1a 	26. Dams in Upper, 

middle and lower reaches 27. Upper LizhMa 28. Elgamka 	29. Logging dam 

30. Dams  destroyed 31. Unitsa 32. Joined to the small lake Pigmozerka, 

dams. 33. Kumsa 34. Dams in upper, middle and lower reciches. 35. Table 1 

(6ontinuation) 	36. Povenchanka 37. Incorporated in the White Sea-Baltic 

canal 38. Nemina 39. Dam 30 km from mouth 40. Pazha 41. Dams 

destroyed 42. Pyarma 43. Zhilaya Tambitsa 44. Tuna 45. Dam 

destroyed 46. No dams 47. Tuba 48. Two dams: dam at outflow from Egozero 
destroyed, dam in lower reach not used. 	49. Vodla 	50. Dams at 
both outflows, Vodlozero is a seasonal reservoir 51. Vama • 52. Koloda 

53. Dam at outflow 54. Three dams -- in the upper, middle 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 

rier 60. Megra 61. Vodlitsa. 
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'Iey to Table 2: 	1. Table 2 2. Main characteristics of the rivers which 

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

idver 4. Length, km 5. Fall, m 6. Catchment area, 1cm
2 7. Ratio of 

lnke surface to drainage area, % 8. Specific rate of flow, litres/sec/km 

9. ater  discharge, m3/sec 	10. Irsta 	11 ,  Syargezhka 	12. Ileksa 	13. 

lielka 14. Ckhtomreka 15. Somba 16. Eagnuksa 17. Chernaya rechka' 

18. Oshta 19. Vilga .20. Shoksha 	21. Tambitsa (near Tambits-Nosa) 

	

* 	• 	 *. 
22. Arzhema 	23. Vozritsa 	24. Nelyuksa 	25. Issel'ga (Tambitsa) 

26. 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 

111,
-  

and is found even in peat ditches in which. le water is heavily coloured and 

2 
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• has a TH of 6.0-6.5 (Pravdin and Kornilova, 1949). 

Despite the traditional conviction, the trout is on the whole 

less demanding on conditions than is the salmon. 	It is able to breed in 

rivers which the salmon avoids entering, for example in the upper reaches of 

the Pyarma and the Nemina. By virtue of its greater adaptability 

(plasticity) it is able to form landlocked forms in heavily humified, swampy 

.oxbows (lamby)(transparency O.6--o.8 m; size up to 200-300 m long, bottom 

material ooze), which have long lost a connection with the sea, (Chernov, 

1935)0 These valuable properties of the trout compel us to consider it at 

• 

• 

least as attentively as we consider the salmon. 

Divergence within the genus Selmo has had the effect that its 

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

within their range which differ ifi their nature, and the trout has even 

succeeded in - occurying landlocked bodies of water. 	The high adaptability 	/27/ 

(plasticity) of Salmo species makes them extremely promising subjects for 

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

rivers with the most varied conditions. 

III. The Fish Fauna of the  Rivers. 

Enemies and Competitors of the Salmon.  

There  lias  not previously been a special study 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 loach, the white bream, the miller's thumb, the dace 

and others. 	In some instances a local name is given without any explanation. 

For example, "korpus", which is apparently the "korbitsa", i.e1  the dace, is 

listed for the Shuya. 	The data in this report are therefore_in need of 

verification and correction. 

Because the scientific studies of recent years have been devoted to 

the lakes and have scarcely touched on the rivers, little can be extracted from 

them. The lakes of the Shuya basin have been most fully investigated; we 

have the mont  detailed information on the fishes of ths river. 

Our materials on the different rivers are of unequal value, but they 

do permit us to make some comparisons and draw  sonie  conclusions. 

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

composition of the fish fauna  and .in the relative abundance of its components, 

including cometitors and enemies of the salmon. The diversity of species in 

the fish fauna is dependent on the size of the river and on its hydrogrqphical 

and hydrologic features. The smaller is 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 the lower reaches of the 

tributaries and in the outflow of the main river (Malaya (Lesser) Suna -- 

Syamozero 	Syapsya 	Vagatozero 	Shuya 	Logmozero; Upper Lizhma l  

Elgamka 	Lizhmozero -- Middle Lizhma 	Kedrozero -- Lower Lizhma ("Kedroreka") 

Tarasmozero). 
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The nature.  of utilization of the river has a considerable 

influence on the composition of the fish fauna. 	There is, as a rule, 

reduction and sometimes total disappearance in the first instance of the 

most valuable species. 

The species composition and frequency of individual species are 

given in table 3 only for those rivers which were investigated by us. 

Since we were unable to make lengthy observations at permanent stations, it 

is inevitable that these data will subsequently be corrected and expanded. 

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

exist in Lake Onega, will be found in the rivers. 

The largest 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 

respectively), which have the best conditions for thermophilous cyprinids. • 

•
Such relictF. as chub, •ope, gudgeon, orm-ian carp and whdte bream are 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 hydraulic  engineering  works by elimination of the Most valuable 

*species -- salmon, trout, whitefish and grayling (table 4). 

The least number of species is found in the small, fast-flowing 

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 the other rivers have a richer 

fish fauna, but far from the saine 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. Table 3 2. Species composition and occurrence of fishes 

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

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 12. Pazha 13. Pyarma 14. Zhilaya Tambitsa 

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

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

Acinenser ruthenus  -- sterlet 21. Salmo salar  m. sebaFo  -- lake salmon 

• 000 22. S. trutta m. lacustris  -- lake trout 23. S. trutta  m. fario -- brook trout 
*** 

24. CoreEr,onus  albula 	vendace 	25. C. lavaretus lavaretoides  -- migratory 

lake-river whitefish 26. Thymallus thymallus  -- grayling 27. tsmerus 

ererlanus 	smelt 28. O. enerlanus enerlanus . m.  spirinchus  

snetok (landlocked smelt) 	29. Table 3 (continuation) 	30. Esox lucius 	/29/ 

enerla.nus , 



Albu-rns i,lburnus -- bleak - - cca  1 -:!$rkna 	ilhite bream 40. Abramis Wà 
J/* 

exist, but has disapoeared; 	?, possible, may be found; 
** *, 

1  descends from the lakes; 

enters the mouth; 

**** 
, became extremely 

** 
-bresent since 1954; 
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pi ke' 	31. Upt -i.11.-,s rutilus -- roach 	32. Leucises leuciscus -- dace 	33. 

- L..cer.h-/lus -- chub 34 L 	-- ide 35. Phoxinus nhoxinus -- minnow 

-n 
U.  35. Scr-. -rdirius or-throtals 	rudd 	37. Gobio 	Fud,'eon — — 

brama -- bream 41. 	 zope.  42. Carassius carassius 	crucian — 

carp 	2 ;3. .(c1j.7.us bar't:atnur: -- stone loach 	Col itis taenia -- spiny 
*rn 

loach 	 . catfi;:11. 	C.  1,nruiJlt anrmilla -- col  _ 

/7,0/ 

47. Lot!,à Iota burbot 	48. Puni.tius rur.;itius 	nincspine 

stickleback 490 0,:--sterostes 	 --.threespine stickleback 

50. Luc:lo-erca iucio -nerca (N-erch. 	51. Perca fluviatilis -- perch 	52. 

Acer 	cP ,-.nua 	pore 	1:yoxocerhalus,  c / ;-ucernis onerensis 	fourhorn , 

54, Cottus Fobio -- miller's thumb 	55. l':ote. The following 

notations are ado.nted in the table: +, the fis:Jais common and numerous; +1, 

common but not numerous; 1, very scarce, singly; -- 1  not found; 	=Iused to 

0,  may descend from Vodlozero; rare after construction of dams on the Svir'; 

OC . 	 000 
, present in Lake Oster; 	, present in the tributaries of salmon rivers; 

0000 
, present in Lizhmozéro but very rare. Where there was no information 

concerning a fish the column has - been left blank. 

.1 

. The competitors include young grayling,.the  dace, the minnow, the stone loach 	/31/ 

and the gudgeon; this combination of fishes is as a rule found in the same 

localities as young salmon and is caught tbgether with them. Owing to 

differences in biology and behaviour the competitive cataCity of these.fishes 

is not the same. The grayling, the pike and the burbot should be regarded 	/32/ 

as the main enemieS of young salmon in our rivers. However, according to 
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I-:.(sy to ?able 4: 	1. Table 4 	2. Number of species and forms found in the 

in the busin of Lake Onega 3. Frequency 4. Lososinka 5. 

(from the Syapsya to the mouth) 	6. Suna (from the Kivach Falls to 

the mouth) 	7. Upper Lizhma, Elgamka 3, Lower Lizhma 9. Unitsa 10 ,  

Kumsa 	11. Nemina -12. Pazha 13. Pyarma 14. Zhilaya Tambitsa 	15. 

Tuba (below Egozero) 	16. Vodla (the whole river) ,17. Vama 	18. 

Invariably to be found in the river at the present time 	19. Was present in 

the past but has disappeared 20. Enters from the lakes and tributaries 

21 ..  Total recorded for the basin, 

published data, even such non-predatory fishes as the minnow and the dace may 

be not only competitors, but also enemies of the salmon and consume its larvae 

(Mikhin, 1959).Whitefish, ide, perch, pope and roach are common in the pools 

of the rivers and below the rapids, but these fishes may also enter the rapids 

and"there enter into interrelationship with the young salmon. 

/31/ 
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The lampry aprarently inhabits all the rivers, with the 

exception of the upper reaches (Varna, Uper Lizhma, Elgamka). 	Its larvae 

are found bofh in soft bottoms and in shingle beds. 	There was 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 possible that this was a "test" redd in which no eggs were 

laid because Of the heavy contamination of the bottom resulting from logging. 

A river lamrrey was observed at Chuporog on the Suna on May 26 ; 

 1960 keeping in the vicinity of a batch of eggs attached to the undersurface 

-'of 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. It breeds in shallow tributaries 

not entered by the salmon, but it is possible that it also utilizes the lower • 	spawnini  grounds  of the salmon in the main river. During the river period of 
existence and during the downstream migration the young of these fishes are to 

be found in the same reaches. 

A number of investigators regard the trout as an undesirable fish in 

salmon rivers, in as much as it is a food competitor of parr and consumes 

salmon eggs. 	V. A. Abakumov (1960) found, additionally, that the hybrids which 

form under natural conditions between the salmon and the trout are inferior in 

growth rate to the salmon 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 Sana, 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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Auril--May, i.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--August. 	It is evident that the whitefish is not an enemy or 

competitor of the salmon under the conditions of the Shuya. The Lizhma 

whitefish approaches the mouth of the Kedrozerka in  May after having over-

wintered in Tarasmozero, but since it is not found in the locality-  in june it 

is alse scarcely a threat to salmon larvae. 

The p:ayling is a competitor and predator which invariably accompanies 

young salmon. 	Its abundance varies in different rivers. 	The grayling is, 

perhaps, the fish most sensitive to the effect of logging, since its spawning 

and spawning grounds are exposed to the effect of the intensive spring logging. 

The grayling has disappeared completely.from the Suna. Its numbers were low in 

the Kumsa, but since logging was discontinued its stock  lias  increased rapidly. • 	The grayling is found far more of-ben than young salmon in the Kumsa, Syapsya 

and Shuya Rivers. It is very rare in the Tuba and in the system of the Lizhma, 

whereas it is the fish which has the main effect in the  rapids of the Pyarma 

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 Pyarma 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 the 

data of A. A. Zabolotskii (1959), the grayling consumes three.times as much food 

as the parr and grows faster. There  in 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 Pyarma River, the 

• 

/ .3 .}-z/ 
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fish Mass of the graylin!:: 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 reduce d  it is impnssible to increase the productivity of the 

salmon spawning rivers. 

The grayling is an active predator which continues to feed even 

when the river is ice covered. The stomach of a grayling 850 g in weight 

and 41.5 cm long which was caught on October 30, 1963 in the salmon spawning 

grounds in the Vama River contained 15 specimens of the landlocked smelt .  

5--6 cm long. The smelt had appeared'in the river after a strons wind had 

been blowing toward the outflow. A week before this, at the height of salmon 

spawning, grayling which had been feeding on salmon eggs were caught  in the 

Vama. The grayling undoubtedly also feeds on young salmon, which are more 

_available in the early stages, dawn to the underyearling, when the young 

salmon.are less mobile. 

The pike inhabits all the salmon rivers, but its quantities vary in 

relation to the existence of spawning reaches suitable for it. In rivers in 

which conditions are.not suited to the reproduction .of the pike (Kumsa, Pazha, 

Pyal'ma) its abundance is slight. 

Because the Kumsa has steep rocky and sandy banks in its lower 

reaches, where 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 swampy streams, excellent conditions are created 

for the spawning 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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obstructed  uu the lower lrts of the rapids, especially where the rapids 

• 

are dammed. 	The influence of the pike is inveAiely proportional to the width 

of the river since it is a fish which kee -os mainly to the banks. 	In a 	 /3k/ 

sawning tribut:,.ry of slicht width (less than 10 m) a single  pike may control 

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

rushed at . two trolls cast from either bank. 	The concentration of the pike 

around the mouths of the spawninc, tributaries may be very high. 	Since there 

are as a rule very few other fishes in the spawning tributaries, the influence 

of the pike on the yours , almon is undoubtedly of decisive importance for the 

fate of future salmon catches 'in. quch instances. 	The population density of the 

pike may be to some extent characterizea hy the following figures (data for the 

Lizhma River basin). Five pike between . 0;5 and 1.0 kg in weight were caught in 

half a day in the mouth of the Sheichuga River in a strch 50 m long where the 

• river is 10 n wide, which was 1 pike per 100 m
2 of the river 	In the reach 

around the mouth of the SordiYa Rivera where the river is 10 m wide, i , rge pike 

were seen splashing every 10--15 metres. 	In the outflow of the Middle Lizn,-, 	- 

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«downstream migration. 

Artificially reared young salmon released into unprepared bodies of water also 

become . prey for the pike. 	According to a communication of S. P. Kitaev, who 

made obsèrvations between September 15 and October 21, 1965 on pond-reared-

underyearlings released into the Syus'kieka River (Lake Ladoga), salmon under-

yearlings formed a significant part of the food of pike 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 result of 

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



our rivers. 

• 
grounds, but also to the improvement of hunting Conditions for the pike. 

The dams and spits at the rapids are refuges from behind which the pike 

emeres to hurit in the shallows of the river bed inhabited by the young 

salmon 0  

- 

-1 ;comely numerous in the rapids of the Varna, Syapsya 

and Pyaltra P,i -,)ers but 	not found in the Lizhma basin (there are two record- 

There is ed instances of dace caught in the Lizhma inlet, in 1961  and 	2)  

no information concerning the interrelationship of the daoed..tho calmon in 

• 

• 

The minnow is eVidently to be found in all  t 	 i  -he ba-ir 

of Lake Onega. 

n the Pyallma. 

In August 1963 we were able to observe the behaviour of a school of 

minnows in a pool in the Pyallma River. A sohool of minnows of different ages 

numbering un to 150-7200 fish (estimated) occupies an area approximately 

m wide.  and  27-2.5 m long. 	The minnows are arranged as follows: the 

largest fish (6--7 cm long) are at the head of the _school, the underyearlings 

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

yearlings caught with a net darted in front of the school, some of the large 

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

regarded as confirmation of the loredatory feeding of the minnow described by 

V. S. Mikhin (1959). 	In the Bol'shaya River (Baikal) the minnow destroys a • 	/35/ 

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

The gudgfon 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 interest. 

In their reference manual "Thé Lakes of Karelia" (1959) K. 1. 

It is noticeably less plentiful in the Tuba and the Lizhma than 
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Belyar,va and V. V. Pokrovskii wrote: "The gudgeon is a very rare fish in 

Lake Onega and even then is confined to the southern part of the lake". 	In 

1953 we found the gudgeon in the Ragnuksa, a tributary of the Vodla. 

Fishermen did not note its appearance in the Ghua  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 unknown 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 1.:ecimen of the gudgeon frem the region of the 

village of Shuya. When the.  Shuya River was examined in September 1962 we 

caught gudgeon at the Vidanskii rapid in the same localities as young salmon, 

but nearer the bank, where the . current was  more gentle (flow rate up to 

0.5 m/sec) and where depth was between 10 and 40 cm, i.e. in the zone inhabited 

by salmon underyearlings. Thereafter the gudgeon penetrated up stream, overcame 

the Bol'shoi Tolli Falls (apparently.  by advancing along the quieter left branch) 

and is now caught (in tens by rod and line in the course oraday) at and above 

the Yumanishki rapids, but it has not been established whether it has reached 

Lake Vagat. 	In August 1962 a gudge6n.'wasaught for the first time in 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 competitor 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 

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

salmonids and is a competitor of the young mainly to the underyearling stage, 
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up to which time the younE live on the bottom together with the miller's 

thumb. 

The burbot is most plentiful in the Vodla and the Shuya and there 

are many small burbot in the Varna in the salmon spawning grounds. During 

the spawning period of the salmon the burbot consumes its eggs. When the 

water 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 time. 

This suEgests that the burbot may possibly also consume young salmon, although 

we do not as -Jet have direct observatiOns of this 	According to the 

observations of 	I. Vladimirskaya (1957), young Atlantic salmon were found in 

the winter in 8.8 ;c; of burbot stomachs in quantities of up to 3 in one stomach 

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

salmon. 	In rivers where the num.bers of fishes of no food value are low 

• , 	• 
the 	 of -,:freaauors should be reduced to as lot as 

possible, since their threat to parr is greater, the lower is the abundance of 

other fishes. The .ideal solution would be to eliminate predatory fishes and 

fishes of no food value completely from salmon riyers and this is possible in 

principle by the use of ichthyocides. 

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

to fish-eating 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 ad  Sweden (Elson, 1950, 1962; Lindroth, 1955). 

Fortunately for Our salmon, the numbers of these birds are now very low and 

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

the rivers of the basin of Lake Onega. 

• 

• 
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IV. 	The State of the Rivers  in  Connection  with their 

Utilization. 	The Effect of 4:,,draulic Enpineering Works 

-and Lo.Finu. 

.The development of water  use 	The interests of different water _— 

users come into conflict in rivers and the demands which ;ater users make on 

rivers are, as a rule, mutually exclusive. 	 • 

In addition to their use by the fish industry, rivers are used for 

water transport (including logging), power supply, the discharge of industrial 

effluents, the discharge of water from drainage systems and for communal and 	• 

domestic needs. 

The stocks of the Onega salmon have been most affected by the use  of' 

the  rivers for transport and as a source of power, which began in the 18th 

century inconnexion with the development of the economy of the region. 

So. that use could be rade of the energy of the rivers dams were 

constructed on them for metallurgical plants (after 1700 on the Lososinka, 

Tivdiika, Vichka, Povenchanka and Tuba Rivers), for sawmills (in the second half 

of the 18th century. on the Shuya, Suna, Lizhma,and Kumsa Rivers and later on the 

Povenchanka) and for flour mills (on the Tuba and other rivers). Hydroelectric 

power stations were constructed on some rivers after 1900. The construction of 

the hydrôelectric power station on the Lososinka had no effect on the re-

production of lake and river fishes in it, since:they had disappeared  -long  before 

that time, probably back in the 18th century because of the dams of the Petrovsk 

Plant and later the Aleksandrovsk Plant. On the Shuya the dam of the hydroelectric 

power 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 power station cut off the main 

spawning grounds, the "Maryanovskie rapids" and although spawning grounds have 
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remained in the Samina, a tributary of the'Andoma, they do not compensate the 

loss of area which is at least 2/3 of the total area of salmon rapids in the 

Andoma basin. 

The Suna is an example of the most serious consequences of hydraulic 

engineering works for the fish industry, consequences which have admittedly 

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

industry in the past and took second place after the Vodia in ternis of catches. 

In 1895--1900 whitefish catches in the Suna exceeded 300 centners (Pushkarev, 

1913b)(translator's note. 1 Soviet centner = 100 kg). 	There is no information 

concerning the salmon catch in these years. 	In 1926--1930 when the Suna 

Fishery was already on the decline, salmon catches were 21--30 centners (Kozhin, 

1927a; Zborovskaya, 1935) 0 	Thereafter there was a sharp'reduction; 4 centners 

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

disapeared entirely from the commercial catch.. Although whitefish still enter 

the river singly, the salmon had disappeared here as a species. 

Hydraulic engineering works on the Suna were  carried out in stages. 

In 1926, the Sandalka (a tributary of the Suna),yhich was entered  by a large 

quantity of salmon, was completely dammed and  as a result a catchment with an 

area of 1017 km
2 was cut off. 

The reach of the river below Girvas (65 km from thd mouth) became 

in essence an independent . river which apuroximates to the Kuhsa and the Lizhma, 

mhlch are salmon rivers, with respect to its main hydrographical qnd 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 sufficient for the reproduction 

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

/37/ 
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water ways, its regime and especially the regulation of discharge are so 

detcrmined by the interests of logging as completely to exclude the re-

production of lake-river fishes. 
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Key to Table 5: 	1. Table 5 2. Main characteristics of the Lizhma, Kumsa 

and Suna Rivers (the reach of the Suna from Girvas to the mouth) 	3. River 

and reach 	4. Length of reach, km 5. Catchment area, km2 6.. Lake area, 

km2/number of lakes 	7. Ratio of lake surface to - drainage area, % 8., 

3 
Specific rate Of flow, litres/sec/km

2 

	

9. \--1ter discharge, m-/sec 	10. 

Lizhma (mouth) 	11 0 Kumsa (mouth) 	12. Suna (village of Shushki) 	13. 

Suna (mouth). 	 • 

Navigation is on the whole poorly developed in the rivers. The 

use of 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 already been adversely affected in the last century (owing to the dam of a 

timber plant and to overfishing in the Povenchanka), so that the loss to the /38/ 



fish industry -  from this form of utilization of the rivers  lias  been slight» .  

The effect of logfing. 	The transport - of timber by'water is the 

main form of utilization of the rivers in the basin of Lake Onega, as it is  in 

 general of Karelian rivers. Even quite recently logging was carried on in all 

the salmon rivers in the basin of Lake Onega. 	Naturally, therefore, the•great- 

est contradictions arise where the interests of the fish industry come into 

conflict with those of logging. 	The cessation of logging on a number of rivers 

(Lizhma, Kumsa, Tuba and Pyarma) has been due primarily to the fact that the 

forests have been 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 the first quarter of the 18th century, but 

the volume of logging was slibt by comparison with the present-day volume clown 

 to the ben.',, inq; of the 1920s  (1,76 millinu cuMc metres for Karelia  as a whole 

in 1513, approximately 3.5 million in 1928 and reaching 9 million in 1961; 

Grigor'ev, 1961). 

Whereas previously when the volume of felling was slight logging was 

carried out only during the floodperiod, the duration of logging has been 

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 period 

than in the subsequent years, especially because it was the forests nearest the 

river mouths which were initially felled and therefore the upper spawning 

grounds were initially not affected by logging. However, it was already 

realized in the last century that the fish were adversely affected both by 

logging itself.(Pushkarev, 1900a) and by substances extracted from the timber 

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

river fishing and therefore prevented overfishing. 	However, this is more 

an example of the "cure being worse than the disease". Pushkarev, who 

investigated the Vodla 20 years after Danilevskii, reached opposite conclusions. 

He recommended measures to limit the harm Caused to the fish industry by the 

timber industry (limitation of the logging period, barking of the logs, 

controlled  opération  of the boom, inadmissibility of the dumping of sawmill 

waste in rivers end the construction of fish ways at sawmill dams). 	It was 

evidently Pushkarev who was the first to formulate the demands of the fish 

industry on the timber industry 	However s  it cannot be said that even one of 

these reasonable aspirations has been met in the years which have since . elapsed. 

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

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

from the effect 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 

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

use of .  spawning rivers for the needs of the timber industry as one of the 

'adversely operating factors. 	It would take too much space to lie, these 

investigators. 

Two 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 development of pike-perch and pike eggs laid on bark, 

concluded that the opinion that the bark which peeled off during logging was 

harmful had been greatly exaggerated. The data of Alm (1923) and of A. G. 

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

/39/ 
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rCwo other authors, namely .  H. JUrnefelt (1931) and N. A. Ostroumov 

(1544, 1947), went even further and asserted that the pollution of rivers by 

logginr, waste was beneficial. 	Ostroumov based his conclusion on the fact 

that the biomass of the benthos was increased on a timber 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 progressive factor in northern 

rivers". However, he did not state what this "certain maximum" might  be 

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

effect on fishes". 

Although an increase in the biomass of the benthos is also to be 

observed in our rivers (in pools and below rarids, where the bark settles and 

is -washed by.sand  aria  silt), we cannot accept the opinion of Ostroumov that 

logging is beneficial, at all events for salmon rivers of the Karelian type. 

Although some benefit is obtained from this by the indigenous fishes of 

little value inhabiting the pools, it is our most,valuable food fishes, salmon, 

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

Many investigators who acknowledge the harm caused to the fish 

industry by the timber industry, in particular the harm caused 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 attempt at an overall estimate of the effect of logging 

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

fishes and fishing simultaneously  in  various ways: biocoenoses were modified, 
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• spawninr, grounds were I;olluted, a fungal and bacterial flora developed, the 

quality of the water was changed and there was mortality of eggs (reaching 

92.2 	in salmon) and fingerlings. 	Alm cone:bided: "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 Kozhin, 1929a). 

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

study and assessment of logging, We may mention the articles of I. F. Prudin 

( 1 948,1; Karelia, the North ‘‘est), G. D. Dul'keit and Yu. I. Zapekina- 

-Dul'keit (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 which the authors conclude 

that  ioginr is undoubtedly harmful to the fish industry. 

Observations on rivers in the basin  of LakeGhma. The salmon 

rivers in the basin of Lake Onega have been most intensively used for logging. 

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

1959. 	Investigation of the rivers showed that logging had a diverse and 

extremely strong effect on the reproduction of salmon, trout and whitefish. 

The conditions of re .oroduction of these fishes are worsened in all instances 

and sometimes reproduction becomes completely impossible. Logging is regarded 

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 fish; 

pollution of the river bed; alteration of the water, thermal, ice and chemical 
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regimes; elteration of biocoenoses. 	As a result of the effect of these 

factors there is an alteration of the fish fauna affecting its composition 

and the ,oropertions of the species. Different_species are found to react 

differently to alteration of the state cf the river. 

If an attempt is made to distinguish the chief factors among the 

various factors which modify the conditions of reproduction of diadromous 

fishes, it has to be acknowledged that the erection of dams (for logging 

7urposes and for power supply) has been the decisive cause of the disruption 

of stocks. 	The construction  of other 1,::gging facilities and the pollution 

of tie rivers greatly worsen the conditions of reproduction, but when there 

are no dams these factors alone are evidently incapable of leading to the 

complete destruction of stocks of diaàromous fishes. 

Commercial stocks of the Onega salmon, are now maintained exclusive-

ly by the spawning grounds in the Shuya (below Lake Vagat and in the Syapsya), 

in the Varna and in the Pyarma, including its tributary the Zhilaya Tambitsa. 

V. The Location and Nature of the Spawning and Rearing 
.• 

Reaches. . 

. The location of spamning and rearing reaches, which is conditioned 

by the distribution of rocks in.  the river basin, determines their nature and 

value and also, apparently, the time 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; 	/41/ --- 

for the whole of this distance pools are an insignificant proportion, less than 

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

(23.3 km from the mouth). 

• 

Fig. 1.. Diagram of the location of spawning and rearing stretches in the 

basin of Lake Onega. 	1) Lososinka; 	2) Shuya, 	2a) Syapsya; 	2b) Malaya 

(Lesser) Suna; 	3) Suna, 	3a) Sandalka, 	3h) Tivdiika; 	4) Lizhma, 

4a) Upper Lizhma, 	4b) Elgamka; 	5).Unitsa; -6) Kumsa; 	7) Povenchanka; 

8) Nemina, 	8a) Pazha; 9) Pyarma, 	9a) Zhilaya Tambitsa, 	9b) Tuna; 

10) Tuba; 	11) Vodla, 11a).Var% 	11b) Koloda; 	12) Andoma, 	12a) 

Samina; 	13) Vytegra; 	14) Megra; 	15) Vodlitsa. 
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• Shir:c. 	The reaches now in use are in three  places: in the 

'Syapsya (between 124 and 102 km from the mouth of the Shuya) and in the Shuya 

itself below Lake Vagat (between Ell and 76 and 60 and 20 km from the mouth). 

Before construction of the hydroelectric power station at the - Settlement of 

ignoila (130 km from the mouth) the salmon ascended to Lake  Salon' yarvi 

(208 km from the mouth), and its s -cawning grounds were in the rapids of the 	 /42/ 

• 

Karatsaima arm (4 km long) linking this lake to Lake Suoyarvi,'and below Lake 

Suoyarvi (between 192.7 and 130.0 km from the mouth). 	In the Malaya (Lesser) 

Suna there used to be spawning grounds in the middle reaches of the river 

(between 154 and 143 km from the mouth of the Shuya). 

Suna. Here there were three groups of spawning grounds: in the 

Tivdiika between Krivozero and Sandal, the main spawning grounds between 

Khizhozero and Lake Sandal (63.7--62.7 km from the mouth of the Suna), in the 

Sandalka (between 38.2 and 26.3 km from the mouth of the Suna) and in the Suna 

itself below the Kivach Falls (between 30.0 and 0.1 km from the mouth). The 

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

Lizhma.  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 Eigamka 

(between 63 and 57 km from the mouth of the Lizhma) and in the Lower Lizhma 

(f rom 4.3 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 mouth), but their total area is slight (0.33 ha) 

and there is no reliable information concerning spawning. According to 

unverified information, the salmon enters the Syargezhka, which flows into 

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

the mouth of the Lizhma). 
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According to replies to ouestionnaires, salmon are caught 

for a distance of apnroximately 40 km from the mouth, but there are also rapids 

higher up; the river has not been investigated. 

Kus?,. 	The spawning grounds lie between the mouth of the Oster 

River and the lower rapid (Zakhar'evskii, or Zavodskii ; between. 15.3 and 

2.7 km from the mouth of the Kumsa) and posSibly extend for up to 37 km from the 

mouth (6 rapids with a total length 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 cuite'unsuitable. 	Adult salmon and fingerlings 

have been caught below the confluence of the Oster and spawning has been observed; 

there is no information concerning salmon catches and spawning for the reach 

above the Oster. 

Povenchanka. There were spawning grounds between 10 km and 0.3 km 

from the mouth to a total length of as much as 8 km. 

Nemina. There are spawning grounds in the tributary, the Pazha 

(betWeen 46 and 40 km from the mouth  of the Nemina) and in the Nemina itself 

(between 22 and 8 km from the mouth.). Because the salmon has never ascended to 

the'upper reaches of the Nemina above the confluence of the Pazha (30 km . from 

the mouth), the logging dam 0.3 km above the mouth of the Pazha does not affect . 

reproduction. 	 • 

Pyarma. The main spawning grounds are in the tributary, the Zhilaya 

Tambitsa (between 30 and 22 km from the mouth  of the  Pyal'ma) and in the Pyal'ma 

itself (between 6.0 and 0.4 km from the mouth). The rapids between the mouth 

of the Zhilaya Tambitsa and the Krivoi rapid (between 17.9 and 7.5 km from the 

mouth) are unsuitable because of the bottom material. 	In the Tuna, a tributary 

of the Zhilaya Tambitsa (it enters the Tambitsa 17 km from its mouth) there are 

suitable rapids and shallows (kareshki) only for a distance of 4.5 km in the  
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lower -ftird of the river (between 4o and 35 km from the mouth of the PyaPma), 

but their arca is very slight. 	According to information yielded by 

questionnaires, the salmon sometimes  esters the Eoda, a tributary of the Tuna 

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

spaw'ringthere and spawning would scarcely be possible in this stream. 	The 	/43/ 

salmon does not ascend to the  pper reaches of the Pjarma (above the confluence 

of the  Zhilaya Yanbitsa); only the trout ascends. 

Tuba. 	There are four spawning rapids confined to the first 4.5 km 

from the Mouth, the chief of which is the Velikii korner. rapid. (between 4.5 and ' 

2.5 km from the mouth). Because the raids  above this reach are unsuitable for 

spawning (blocks, large boulders and rocks), their area has  no  t been included in 

the resources of spawning grounds, although the salmon occasionally ascends to 

•7ubozero (15.5 km from the mouth); but this is evidently a loss of direction. 

Vodia. The spawning grounds of the Vodia salmon are concentrated in 

the Varna (between 169.5 and 147 km from the mouth of the Vodia) and are now the 

only spawning grounds in the'Vodla basin. 	Spawning previously took place in a 

tributary, the Koloda, but salmon havenot been seen in this river since 1957 

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

logging dams and to intensive logging. The area of rapids in the Koloda is far 

smaller than in the Vama. There is no information concerning the other 

tributaries of the Vodla to confirm that salmon regularly enter them and spawn 

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

the Sukhaya Vodla, because of the unsuitable nature of the rapids and the bottom 

material. 

The reference work "Lakes of Karelia" (1959) lists as sPawning grounds the 

Fadun, the Vodia, Ust'-Yoloda, Ostrov, Podporozh'e and the mouth of the Shalitsa, 

but this is a mistake. 	These points are mentioned in the writings of M. V. 
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• Lognshev (131), E. A. Veselov (1."52) and M. B. norovskaya (1935) cs  places 

where ne r...igrating salmon is caught. 	A puer  by  B.  A. Veselov and V. M. Korovina 

(1932) contains the direct statement that: "...it (the salmon, -- Yu. S.) 

ascends above the Padun rands  to spawn and is caught en routeto the spawning 

grounds at Cstrov, Ustt-Koloda and at catching weirs actually in the Padun 

rapids." 

Andoma. The spawning grounds in the Andomà itself (Malgyanovskie __— 

rapids, between 60 and 50 km from the mouUL) have been cut off by a hydro-

electric power station dam; spawning  grounds remin in a tributary, the Samina. 

VvteF,ra. Before 1961 there was still a very small suawning ground 

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

construction of the canal» 

Mec-Ta. The spawning grounds lie more than 12 km above the mouth; 

• 

extremely small. 

Vodlitsa. . According to the data of N. N. Pushkarev (1915), the 

river was entered for .spawning by salmon and whitefish, which passed through 

Lakes Megorskoe and Vodlitskoe, i.e. more than 10 km above the mouth, Nothing 

is now known concerndng these fishes and they have evidently disappeared since 

the river is not included among the salmon rivers protected by the "Fishing 

• Regulations" (1960). 	 • 

The spawning reaches of the rivers are characterized 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: blocks, large, medium and small boulders, pebbles, eravel, sand; 

the spawning grounds are sometimes silted (figs. 2-4.). The areas of redds 
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Fig. 2. Kumsa, Berezovyi rapid. General appearance of spawning ground 

(A) and example of bottom material (ruler 20 cm long)(B). 

• 
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3. 	Ner:ina, Dolgii rapid. 	View of a portion of the spawning ground 

.(A) and example of the bottom material (the matchbox shows the scale)(B). 

• 
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I 	• 

g.  40 Tuba, Velikii kamen! rapid. 	View of a portion of the spawning 

ground (A) and sample of bottom material (B). 

• 
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10. Length of rapids, % 	11. Lososinka 	12. Shuya (below Lake Vault) 	13. 

Syapsya 	14. Malaya (Lesser) Suna 	15. Unper Lizhma 16. Elgamka 	17. 

lizhma 18. Lower Lizhma 19. Unitsa 20. KumSa 21. Nemina 

22 .,  Pazha 23. Fyarma 24 ,  Zhilaya Tambitsa 25 0 Tuba 26. Vama 27. 

noloda. 

are among small boulders and shingle, frequently immediately adjacent to large 

boulders and blocks. 	In one case, in the Pazha, the bottom of the spawning 

rapids was strewn with flagstones of all sizes, from blocks to gravel. The 

spawning of salmon on flagstones, admittedly of a slightly different nature, 

has been described by T. 1. Privornev (1962 ) for the Narva River; there the 
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salmon. were unable to excavate mounds. 	In the Pazha the bottom material is 

• - such that it is quite possible for mounds to be excavated and the accumulation 

of flags on the stream bed provides an excellent refuge both for the young and 

for adult fisil (fig. 5). 

In the Upper and Lower Lizhma and in the Elgamka we observed (June 

23-27, 1962 and June 18, 1963) that, after-  emerging from the nest mounds, the 	• 

young salmon remained above silty  bottons  close into the bank in the upper 

layer of the water (down to 10cm from the surface) where the water was 

0.3--0.6 m deep and where flow rate at the surface was 0.25-0.5 m/sec. 	In 

general, the prevailing flow rates in the soawning and rearing reaches are 

ni/sec and the prevailing depths are 02--0.8--1.2 m, but under-

yearlings and parr are sometimes also found at lesser depths, as little as 10 cm 

in the Tuba in the summer of 1963, a year when there was little water. A 

11) 

	

	similar distribution of young has been  observed by G. G. Gaikin (1955) in the 

Salatsa River. 

We should pause to consider the role of lakes in the basins of the 

spawning rivers ,iand their effect on the regime and value of the spawning and 

rearing reaches. The quality of a spawning river is determined by the 

stability of the water regime, by the possibility of silting, by condftions  for 	/48/ 

• the existence of predators and 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, which are'responsible for .. 	- 

alteration in the size of the spawning and rearing areas, are the most  

importnt characteristics. 	In years when there is litt ile water the Water 

content may play a decisive role, since the freezing of the redds in 'the winter 

and the drying out of the rapids in the summer lead to the formation of wee,k. 
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year-classes. 	'2 ,D 1i 	of level 	increased with increase in the size 

of the river and in t 	o of 	surface to drainage area 	The water- 

-level r--t ie in ne srnurirJ-7 _uounds in the Syapsya (ratio 

of lake surface to trrin ,,-e area 20,4 ;.:), the Shuya (below Lake Vagat, 11.3— 

—10.3 5'.;), the Lower j_zhma (19.4 and. the  Varna (8.8 5,;). However, in the 

last t , .:o 	 .3r:: out completely (an , unusual :phenomenon for our 

rivers), .owir (2: to the incorrc, ct use which is made of the dams (Eedrozerskaya 

and Vamskaya) 	 of view of the interests of the fish industry. 

I3abii  rapide 	Example of bottom material in a spawning 

The extent of the effect of water content as a factor is not the 

ne in rivers of different size and different natiral 3..egulation. 	In small 

rivers with a slisht lake area the river bed sometimes dries out comrletely in 

the re:71ches of rapids in years when there is little water. 	Not only does this 

• 	:mke the rapids unsuitable as a habitat for the young, which are obliged to. 
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/49/ 

• 

-Fig. 6. 	Uelationship between the area of rapids and water content. 	A) 

the Kurnsa in a year of little water (1960); 	B) ir  a  year of plenty of water 

(1962). 	Both photographs were taken in the first decade of August. 

• 
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nove  into the pools, but iL also increases their mortality and even ,  leads 

to mass mortality (e.g. in the Elgamka, according to information from 

questionnaires). 	In directly regulated rivers of average size (Pyallma, 

Kurnsa) the area of rapids may be practically halved in'years when there is 

little water by comparison with the area in years when there is plenty of 

water (fig. 6). 	In large rivers with a high ratio of lake surface to 

drainage area the reduction in the area of the rapids in years when there is 

little water is relatively slight: probably 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 increasing the feeding 

capacity of the river. 

Among the negative results we should include:increased turbidity, 

silting and an increase in the preSsure of predators. . The spawning grounds 

situated be1oW shallow lakes which are regdily subjected to wind mixing (Lake 

Kandasovskoe on the Shuya, the upper lakes on the Vama and to a lesser extent 

the spawning grounds Of the Tuba) are in an unfavourable position in relation 

to silting. 	In thé period between the commencement of salmon spawning 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 

difficult. The high turbidity in the summer hinders 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 sa.lmon is determined 

both by the relative abundance of predator and prey and by the hunting 

conditions.  of the predatory fishes, which are-influenced by the mutual 
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disposition of U!kes and savnin grounds in the river basin, by the develop-

ment of aouatic vegeLation and by Obstruction of the river bed. 	The abundance 

of the pike iS increased in rivers on w:lich there are many lakes through which 

te river flc».s. 	The pike concentrate around the inflow and « outfloW (where 

there are normally beds of water plants) .rid the predator forms a barrier for 

smoits migrating downstream through the lakes. 	In this respect the spawning 

grounds of the Kumsa have a considerable advantage over those of the Lizhma 

(Which is ver-j-  similar to the Kumsa with respect to overall characteristics): 

the spawning grounds in the Kumsa are located below the lakes and the  abundance . 

of the pike in the river is very low owing to the lack of suitable spawning 

grounds for it. Another advantage of the Kumsa is that the location of the 

spawning grounds in a compact group in the lower reaches of the river greatly 

facilitates the carrying out of improvement and conservation works and fish 

management. 

To sum up, it nay be said that of rivers which are equal in the area 

of the Spawning grounds and in water content, the best for reproduction of the 

salmon are rivers in which the spawning grounds are cencentrated nearer the 

mouth and lie considerably below the lakes through which the river flows. 

In this case the regulating effect of the lakes is felt, the consumption of 

downstream migrants by lake predators is excluded, the feeding capacity of the 

river is increased by ulankton carried out of the lakes, the possibility that 

the spawning grounds may 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  Rives  

and Their  Renroductive  Value. 
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.%. 11{, 21 there -;.s a need to ar, :.:eus the role of any river in the re- 

production of the salmon, diMoulty will usually be encountered owins to the 

lack of a genrally accepted criterion, as is evident from the extensive 

literature on the salmon 	r;evertheless, assessment of renroductive . capacity 

is of practical importance uince it is reproductive capacity which should be 

the guidin rri.noirle in the sdlection of rivers for improvement works and fish 

management; the return on the capital investment is dependent on the correct-

ness of the choice. 

The generally correct yrinci;Dle of assessment of the importance of 

the rivers in relation to size is inapplicable given their present state and 

the nature of their  use 	Gradients and the. quantity of rapids are an 

indication of the nature  of a river, but they do not give an idea of its re-

Productive capacity, which is dependent on the existenCe of suitable bottom 

materials, and this cannot be• established without a detailed investigation of 

the river. 	The quality of the s -cwning and growth regions, i.e their re- 

productive value, is dependent on a combination of many factors whose effect 

cannot be quantitatively evaluated. 

What is therefore needed for a comparison of the conditions of re-

production in different rivers, in addition to the general consideratiow3set 

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  spawning and growth 

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 has long 

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



real catches, which are invariably considerably higher than those recorded, 

ln the case of large-scale catching of the fce.;ling sulmon (as . has occurred in 

Lake Onega) catches in the rivers give a very approximate indication of the 

role of most of them in the total balance. 	It is sometimes com-oletely 

impossible to decide to which stock the catches should be ascribed. 	For 

example, the salmon caught in the autumn around Saloostrov may below:; to the 

stocks of the Pyarma, Tuba, emina, Ku= and -12ossibly other rivers, whereas 

there is organized salmon fishing . and recording of the catches in this region 

only in the Pyarma. 	Similar doubt arises with respect to the salmon from 

the region of Benov Nos, which may be inhabited by the Andoma salmon  in 

addition to the Vodla salmon. 

The present catches are, aS a rule, a consequence of the state of 

the rivers, which has been altered as a result of their use. 	These catches 

cannot therefore be used to assess the riotentialities. 	However, an 

alteration of catches is not invariably due to an alteration of abundance as 

is shown, for example, by the Pyarma, vhere thé fishing rate has been sharply 

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

'criterion for assessment of the importance of a river in the absence of an 

idea of the alteration in the size of the stocks. 

• 	When there is more or less reliable information both on catches 

(which reflect abundance).and on the spawning and growth area, simultaneous 

use of both indices will ;iield the best characterization of the reproductive 

value of the river. 	Then, after indices of the relative groSs 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. 
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The cro : nl rate of younr salmon in river  of various nature may 

also be used as an index for assessment, but its value is lower since the 

consequences of differences in the population density of the young may over-

lap differenees in 	e  croductivity of the rivers. 	Eoreover, it takes far 

more expenditure of . labour and tine to obtain satisfactory data in this case 

and this is somethins w'nich is far from inVariably possible. 

. The information on the abundance of stocks needed for assessment 

of the rep,-oductive -,;otentiality of the rivers was determined from the 

maximum catches.. Such an aprroach seems completely correct, since the 

maximum abundance should approximate to so nie extent to the abundance which the 

stocks had before the conditions of re -croduction in the rivers were altered. 

The present mean abundance was calculated at the same time. 

The maxi'.7.um return per 1 ha of the spawning and growth area was 

11, 

	

	20 fish or more in the Vodla, 25--27 in the Shuya, 35-47 and 45-60 in the 

Suna, 60-75 in the Pyallma  and  lastly, 200 fish or more in the Lizhma; the 

mean return was 19 fish/ha for the Shuya and 37 for the Pyarma. Unfortunately, 

It is impossible to make a comparison with other . basins, since there are no 

suCh estimates for them. 

The number of downstream migrants may be calculated from the retUrn 

of matUre fish. When allowance is made for the coefficients of natural 

mortality in the river period, which are known for the Atlantic salmon, this 

'yields the number of parr and, finally, their pcipulation density. 

According to the data of Swedish investigators (Carlin, 1955, 1964), 

the return of the Baàtic salmon from smolts reached 15.7-173-37.6 % and even 

41.4 % in some instances and was on average no less than . 10--12 %. 	There is 

every reason to expect that the survival of the lake salmon over the feeding 

period will be no lower than that of the salmon in the sea. The population 



• 

• 

- 76 - 

density of the r,:7:rr \'.'s therefore calculated for a return of 10 %, separate-

ly for the maximum and mean abundance. 

Ac.cording to the calculations of N. F. Nikiforov (1959a), the 

mortality of parr at an asie of 1+ and older should not exceed_16 	a . year on 

average. 	I..ortality in earlier stages has .been established by the experiments 

of McCrimmwl, (1954) and was found to be 30 5 for the age from 0-1- to 14- and on 

average (three exeriments) 87 % for the stages from the larva to the under-

yearling 0+; overall mortality by the spring of the third year was 97 % of 

the initial Quantity of larvae. 

These data enable us to reconstruct not only the quantity of parr, 

but also the initial quantity of eggs from the quantity of smolts (fig. 7). 

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

average 67 : 33, the quantity of parr (1 and 2 years old -- 1. and 2.) needed 

to obtin a definite number of downstream migrants .(N) should o:ceed the mumber 

of the latter by approximately 1.6 times (1.64 N); the quantity of larvae 

should "amount to approximately 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 

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

. 3--4 fish, or 1 : 1.5--1 : 2 when fecundity is 5000 eggs and 6-7 fish, or 

1 : 3+-1 : 3.5 when fecundity 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. 

O 
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Fi. 7. 	Survival of the salmon by stages of the river period. 	Smolts 

= 0.67 N+0.33 N =N; parr -- 1.+1.+2.=0.79 N+0.46 1'1+0.39 N=1.64 N; 

larvae -- 0.+0.=9.3 N+5.4 N=14.7 N; eggs -- 0+0=93 N+54 N=147 N; t -- 

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 

period established by N. D. Nikiforov is not overstated, since mortality in 
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the.subsecuent stages has been experimentally determined and is confirmed by 

. the nractice of the artificial rearing of young salmon. 

'A quantity of parr should be separately calculated for the spring 

(1.--2.) and ik)r the autumn ( 04---2+), and the population  density should be 

calculated without the smolts which leave the river in the spring. 	Toward 

the autumn the number of finForlings and their density are approximately 

doubled by the arrival of underyearlins (1.47 NY. 	lt may naturally be 

conceded that the mortality of parr 1+ and 24 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 ;'..; for the whole ;ear. 	Therefore, the number of fingerlings (0+) + 

+ (11 - ) 	(2+) in the autumn will be (0.93+0.54) + (0.79x0.93+0.46x0.93) + 

+ (0.39x0.93) = 2.99 N. 

The maximum calculated nopulation density for the autumn with a 

2 
10  Y.  return ‘::s 17 m per 1 fingerling in the Vodla, 12- 13 in the Shuya, 

7--10 and 5.5--7.5 in the Suna, 5.5-4.5 in the Pyal'ma and 1.7 in the Lizhma; 

the mean density was 18 m2 ter fingerling for the Shuya and 9 m2 for the 

Pyal'ma. The density of fingerlings observed in the Pyai'ma in its lower 

rapAds between 1963 and 1965 was around the mean established for this  river  

by  calculation, approximately 10 m 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 extremely rare•in 

this river. It was only in the Tuba, ' in the Velikii kamen' rapids that we 

were able to observe a high fingerling density, no more than 2 m2  per finger- 

ling, in August--September 1963-1964. Howbver, the density had decreased 

perceptibly in 1965, ';cost probably because of the effects of uncontrolled 

111, 	removal (the catching of spawners in the autumn of 1963 and 1964 and the wide- 
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spread practice of catching young salmon), since,  due attention was not paid to 

the conservation of the river. 

'Published data make 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 

the Pechora there is on average approp;imately 9 m2 per fingerling in the second 

half of the summer in places where the concentration of fish is greatest 

(Viadimirskaya, 1957). 

According to the results of an investigation of 11 rivers in the 

province of Pew Brunswick, there are approximately 1. r  4 m2  per parr (between 

01- and 2±) in Canadian rivers  (Bison  and Kerswill, 1964). 

There is at least 1 young salmon, including underyearlings, per 1 

m
2 

in the Daw:;ava (Lishev and Einsh, 1961). 	According to the observations 

of  lu B. Titans (1962), the concentration of underyearlings and. year"lings (not 

counting other fishes) reached 0.74 m2  per  fish in the Daugava in September 

1960. 

This comparison indicates that the spawning and growth areas in the 

basin of Lake Onoga are very little utilized. The cause of this is the small 

number of fish spawning, not to mention those instances in whiCh migration to 

the spawning grounds is completely excluded. 

This raises the question of the number of spawners per hectare 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 Pyarma 

that the mean density of egg laying in these rivers  as  5 eggs per 1 m2. This 

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

2 m2 will remain by the spring, and the density of the fingerlings (0-E--24.) will 

not subsequently exceed 9.5 m2 per fish. 	To obtain a density of 1 m2 per 
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2 
fingerling 50 eggs per 1 m" would be needed or 200 m

2 
of spawning ground per 

pair of spawners at a fecundity of 10 000 eggs. 

Ld 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 

utilization of the spawning and growth ares. 	Technical and biotic improve- 

ment (the elimination of enemies and comretitors), which it is easier to carry 

out in medium and small rivers, may play a large role in increasing their 

productivity. 	The ideal solution would, of course, be to combine these 

operations with artificial propagation, in particular with the introduction of . 

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

poulated, which would accelerate the formation of stocks of high abundance. 

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

desirable that in order to impr6ve the utilization of the areas a quota should 

be fiyed of .one fish leb through to every fish cauht and also that protection 

of the river against uncontrollable removals should be intensified. 	 • 

'2he 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 medium and small rivers 

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

'logging is discontinued in these rivers and they  can become fully available 

to the fish industry. 	It is quite possible that the improvement ana 

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 DESCRIPTION CF Tun SALMON STOCKS OF 

UKE CNEGA 

The Life Cycle of the Salmon 

The life cycle of the salmon of the Onega population ha  s some 

distinctive features. 	Firstly, in contrast to the Ladoga salmon 

(Sabunaev, 1956), no form similar to the hiemal race in the Atlantic salmon 

has  'ce en  discovered. 	Also absent are the stages found in the Ladoga 

population of grilse and especially pre-grilse or post-smolt, in which return 

to the rivers and sr:awning occur at a duration of the feeding (marine) period 

of reectivel 1-1- and 0+. 	It is interesting that the pre-grilse stage found 

in males and described by Saunders and Henderson (1965) is not known for the 

rivors . of Canada and the basin of the Arctic Ocean, is extremely rare in the 

rivers of Newfoundland (three authenticated cases in the Little Codroy River 

cited by Saunders and Henderson, 1965) and in the Baltic (one male in the 

Lagan River (Sweden) cited. by Carlin,(1955), but is fairly cemmon in British 

.rivers (Richardson, 1836; 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 33 %, 

and the downstream migration takes place at 4 years 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 period in the recruits (fish maturing for the first time 

which  are the recruitment of the spawning stook).lasts for no less than 4 years 
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and no more than 9 and is 5--6 years for the majority. The percentace ratio 

of the age groups varies in different stocks arld  in  different Years, as will 

be stated in greater detail below. 

Growth in the year of the spawning migration is encountered very - 

rarely and as an exception. Fish entering the river have a completed annual 

one  even if the migration is not in the spring but in the autumn (Pyal'ma). 

The explanation for this may be found in the behaviour of the fish 	The 

salmon remains in the estuarine zone o2 the Pyarma throughout the summer, but 

is unable to enter the river owing to the low level. 	khen in the estuarhie 

zone it does not feed, i.e. it behaves like a fish which has already entered 

the river and is keeping to a pool. 

Pennies  account for at least'2/3 of the adult part of the spawning 

stocks. 	Thc 1:>,c2k of large males is made F,00d by their dwarf substitutes which 

11110 	arc prcent in exces::, in the raids during the spawning period. 

It is probable that dwarf.males are able to take part in sawning 

more than once. 	G. V. Nikorskii (lakorskii et al., 1947) tells of a dwarf 

male 5+ years old which had a spawning mark on the scales, i.e. which had 
4 

However, this erosion could have been caused by 

an epithelioma, which is a common occurrence for the Pechora (Vladimirskaya, 

1957).. We have found fish with destruction on two river zones in succession. 

It is iripossible to infer for certain from this erosion that spawning had taken 

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

This consideration, naturally, in no way rules out the possibility that dwarf 

males may spawn twice or even three times (for example, successively at an age 

of 11- 1  2+ and 50. 

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

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

• 

spawned in the previous year. 

• 
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sea. Although the proportion of the carry-over, i.e. fishes spawning 

11. 	repeatedly, is governed in the first instance by the fishing rate, it is 

difficult to explain a high percentage of carry-over solely by "weak" 

exploitation. 	Fish with 2 and 3 spawning marks and even with 5, i.e. fish . 

coming to spawn for the 6th time, have been found among the carry•over. 

However, the carry-over 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 Vuoksa River (Lake Ladoga) 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 removal and possibly on the conditions 

determining post-spawning mortality (for example, on distinctive features of the 

regime of the rivers), a poculation will belong either to the second type, with 

a considerable pro-)crtion of carrY-over, or may be converted to the first type, 

in which the spawning stock consists almost entirely of recruits alone. The 

third type is possible in principle, but only as 'a rare . exception at the present 

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

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

fish which have snawned several times (A. F. Smirnov, 1965). 

• 	The lake salmon, which should be regarded as an adaptive relict, has 

very effective adaptive capabilities. 	High adaptational plasticity is 

characteristic for all salmonids (Gerbirskii, 1961, 1965), but among this 

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

are most eurybiontic and which possess the mostperfectedEdaptational mechanisms 

by means of which they maintain their numbers when the conditions of re-

production worsen. If 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 tc; over-exploit all the fish, 

and also those fundamental and frequently irreversible changes in the state 

of rivers which have accompanied the settlement and industrialization of un-

inhabited terlitories with their untouched wild life. 

It may be stated confidently that were the life cycle of Salmo to 

be simpler and were the "reserve of strength" to be lower, these fish would 

long ago have disappeared as a sT)ecies. Double bonds play a special role in 

"strengthening" the cycle: dwarf males which successfully replace adult fish 

in the spawning  grounds and repeated spawning which is not found in slmon of 

the genus encerhvnchus. 	The distinctive features of the life cycle in the 

genils Salmo therefore enSure its species "protection in time" (Bakshtanskii, 

1967), i.e. they enable even very small pormlations and stocks to exist. 

The life cycle of the salmon falls naturally into  flue  periods which 

include individu ,2.1 stanzaF2 of ontogeny (in a slightly different sense to that 

of Vasnetsov, 1953 and 	 1965).. The stanzas: consioti in their turn, 

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, 

physiology and histology. 	The periods and stanzas 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 males), 

4) downstream migrants (smelts). 

IL reeding period (= stanza 5), from the . smolt to commencement of the spawn-

ing migration. 
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• III. 	Breeding 1:ieriod0 

Stanzas: 

6) migratory, 

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

- 

	

	they are defined by A. I. Smirnov (1965), but the boundary of 

the period has been shifted: it is more logical to transfer the 

post-spawning downstream migration (downstream-migrant stanza) to 

the following period. 

IV. Pecovery period. 

Stanzas: 

3) downstream-migrant, 

9) additional feeding, which is not identical to the feeding period, 

since the state of the organism is different and the rates of 

weight increase are also different and are very high in fish which 

have spawned and left the river. 

V. Period of natural mortality (= stanza 10). 	The old fish finally die from 

senility and exhaustion of the organism after several spawnings, either 

immediately in the sawning grounds or during the post-spawning down-

stream migration. 

The greatest mortality in the course of ontogeny is connected with 

the times of transition from one stanza to another ;  i.e at vulnerable moments 

in the reconstruction of the organism and alteration in ecological requirements. 

The greatest relative mortality is noted in the course of the embryonic stanza, 	/60/ 

on transition from the larval to the fingerling stanza and from the downstream-

migrant stanza to the feeding period: in the first two instances it may reach 

III> 	
practically 90 % (McCrimmon, 1954; Nikiforov, 1959a, 1959h), and in the third 

80% (Parker, 1965). 
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If the life cycle of the salmon.is depicted in a diagram, the 

"double bonds", to which reference has been made, which increase the viability 

of.  the species, are revealed with gréater clarity (fig. 8). 

Uesistance to-commercial loading, to excessive removal, is increased 

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

from fish of several year-classes, the number of which is greater, the longer 

is the cycle. 	Differences in the time at which the recruits reach maturity 

also have a smoothing influence. .For this reason several weak . generations 

in succession may still not lead to a catastrobic reduction of the population. 

Therefore, considerable inertia is a feature of the population dynamics of the 

salmon. 	Kovever, this inertia also includes a negative property: increase in 

the abundance of the adult part of the population when conditions become 

favourable will  • e equally slow. 

Fig. 8. Diagram of the life cycle of the salmon. Roman numerals -- periods 

• 	
in the life cycle; arabic numerals -- stanzas. See the text for 

explanation. 
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Keyed on figure: 	A. 	Dwarf males -- firSt sawning B. 	Up to 5 times, 

females and males 	C. 	Second s -i)awning D. Generations. 

This should be borne in mind, since the life cycle in the Onega 

salmon is apmrently the longest of the cycles in the populations known to us. 

Succession of generations in the Cnega population takes place on averaiw only 

at intervals of 8-10 years. It is after such a period that the eUect of 

return will be obtained if the spawning rivers are improved. 	However, the 

return will be accelerated in hatchery rearing which reduces the river period. 

The selection for fish breeding of stocks with a shorter cyCle and the 

selection of spawners in relation to growth rate and the rate of maturation 

would appear to be a pronising aPproach mhich might significantly inerease the 

effectiveness of artificial propagation. 

Habitats of the r.-1.1mon„ 

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

the salmon has been given in the previous chapter. 	Here we shall discusS the 

distribution and behaviour of the salmon, 

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 faster current, 

in the rapids. 	In riVers which 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 plants, apparently in search of shade. The 

probable 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 migrating down- 

IT 
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stream before the river freezes over probably spend the winter in pools or 

above the rapids, since ice jams would make thpir presence  in the  rapids 

unthinkable. 

The habitats of the young alter with age. 	During the pel'-iod 

spent in the river young salmon form small schools (between 10 and 3 fish) 

on only two occasions, i.e after emerging from the nest mound before 

dispersal over the "fishing areas" and at the time of downstream migration 

of the smolts. 	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 of which is regarded as proved for 

other fishes (dakov, 1961; Ulkorskii, 1965). 

On emerging from the nest Mounds the young remain during the 

second and third decades of June in small schools close in to the bank in the 

upper 'Isyer of ti-,e water (0-10 e.m). The current is uniform in such places, 

O  

flow rate does not exceed 0.25-0.5 m/sec, and the bottom is frequently silted. 

In August underyearlings are solitary. Although they are to be found not far 

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

gentle nicks. 	In the Tuba  hiver  underyearlihgs and older parr were foUnd at 

the time of the summer -low water (August 1963 and 1964) at a minimum depth of 

10 cm, i.e. close to the bank. 	Profuse development of water moss was noted in 

the river; the fingerlings may possibly have taken refuge from the bright sun 

beneath the clumps of moss. 	According to the Observations of H. I. 

 Vladimirskaya (1957)1  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 under-

yearlings. 	The largest are to be found in the current where it is livelier. 

In places where the bottom is uneven the parr are usually to be 
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found on top of a stone, apparently with the abdomen resting on it. 	In 

other instances the fish lie slightly curled tp the side of a, stono, 

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 . 	/62/ 

manner. 

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

up position approximately in the  centre of an. area with a rqdius of approximate-

ly 0.5 m with a deression of the  bottom in the middle; it is'from here that 

the fish makes sorties after food. 	If frightened, it.departs almost in- 

variably sideways and downward, but returns to its position after some time. 

As has been noted by many investigators (McCrimmon, 1954; 

Vladimirskaya, 1957; Saunders and  Go,  1964), parr everywhere reveal. amazing 

constancy of association with one place throughout the summer. 	In our 

experiments on the Pyai'ma taggeà parr were not found more than 50 m from the 

point of release for a month (September)  alter  release. 	Young grayling of 

the same age are everywhere found accompanying Salmon fingerlings during the 

summer. 

In the fall, in late September--early October, the fingerlings 

leave the rauids and it is difficult to find sexually immature parr in the 

rapids. Only dwarf males, which have already reached stage V of maturity by 

around September 10 (Pyal'ma) are found in the'rapids. 	Dwarf males assemble 

in the spawning grounds before the mature fish appear. 

Although the 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 the 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, the fish  enter te  onening rapids in the second 

half of April, as may be assessed from what haiJpened when the Varna dam was 

closed at this time; salmon fingerlings were  loft  behind on the drained bed 

of the river. 	A yearling (length as defined by Smdtt 	cc 7.1 cm, weight 

3.8 g) was taken by* net in the Syapsya in the Terva-koski rapid on April 29, 

1961 e, 	In  April--May the young advance upstream and in so doing occupy 

localities where spawning has not taken place. 	Thus, the rapids of the upeer 

part of the Vama, where spawning has become impossible owing to the regime of 

the dam, are occupied every spring. 	The fingerlings may also enter small 

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

Yumanishki spawning rapid; to judge by  the catches of "amateur" fishermen, the 

concentration of fingerlings in the stream is ultimately very high. 

Smolts and silvery parr appear in the lower reaches of the rivers at 

the end of Hay. Their downstream migraLion from the rivors is apparently 

complete toward the middle of June, since we were not able to find them in the 

rivers after June 15. After June 20 smolts are already to be found at some 

considerable distance (more than 10 km) from  the river  mouths: as far as 

Khedostrov in the region of Onega around the Pyaltma 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 

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 male :), which had 3 complete 

annuli and large growth of the 4th (3+) was caught in the Lizhma on June 10, 

1964; the arrangement of the sclerites in the 3rd and 4th 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 took the hook 
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• 

sl':,elts are o -rten found in the lizhna. 	The existence of likes in the 

basin (hcawater lakes, Lizhmozero, Kedrozero, Tarasmozcro), which not only 

increse the .feeding caracity of the river, but - may al -.o provide a yUce for 

the Lartialor preliminary feeding of the smoits, may be mentioned as a 

probable cause. 	In this respect  attention  should be paid to the local view 

tinU nere is a seperat,e Lizhozero salmon (like the Lake Selctskoe salmon in 

the i5ystem of the Lizhma and the Tikhtozero salmon in the system of the Pista, 

both of which are in the White Sea basin). 

Such large smolts are either very rare or  no  t found at all in other 

rivers of Lake Onega. 	A smolt of similar size caught  in the Shula in 1964 

caused astonishment among local fishermen, since downstream Migrants are small 

here Flu' are found from a weight of 11 g. 

- The suolts rrow ra'cidly in the lake and their weight reaches 

200-500 g and possibly more by pctober (  1 958  data)- 

Is downstream migration into the lake in the parr stage possible ? 

Downstream mirants cauEht in the lake were either complete smolts or silvery 

rarr-iith clearly showing transverse bands. We did not find parr in lake 

catches. 	G. 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 salmon generally descends downstream in the parr stage. 	We know of. 

only one instance in which fishermen took a parr ("troutletn) in May 1965 . 

around the mouth of the Pyal'ma. 	Hoviever, thiS instance is in no Gense 

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

is that when the lower spawning 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 

then return to the river in the spring, in-the  sanie  way  as  from an ordinary 
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minte•  pool. 

In the lake. 	The feeding salmon is found throughout the laken„. 

with the exce :ation of te shallowest heavily isolated bays such as Svyatukha 

and Keften'-guba, the northern part of Gorskaya Bay and the northern -part of 

Unitskaya Bay, where it is found extremely rarely. Nor are there salmon in 

the cliff area, in the strait formed by Klimetskii Island and the mainland° 

(norovskaya, 194g). 

The following may be added to this general description of the 

distribution of the salmon over the lake. The salmon  is in fact extremely rare . 

 in the bays listed above. 	A feeding sexually impature salmon (weight 2.4 kg, 

age 34-3) with the stomach filled with bleak, was taken on june 3, 1965 in the 

heavily overgrown, swampy Matguba Bay (in the northern part of Unitskaya Bay), 

which is a typical brenm spa•ning .ground. 	Local inhabitants state that there 

have been a further to cases of salmon being caught here in the past (oral 

communication from Z. N. Smirnova, Kareirybvod). 

There are some distinctive features to the distribution of the 

salmon in the lake in the course of the year. As soon as the ice breaks away 

from the shore in the spring the salmon move from under the ice into the opening 

shore leads. 	They remain close to the shore (within 100•200 m) and right at 

the surface =-() that the head and dorsal fin show above the water. - 	 If there 	is 

a return. movement of the ice, the salmon in shallow places are unable . to move 

back into deep water because, in the opinion of fishermen, 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 Derevyannyi. 

Although 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 the mouths of 

the spawning rivers, it has only been around Besov Nos that this approach of the 
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salr:.onrs been used for sT.)ocial and hiu'r.ly successful fishing. 	The salmon 

(both migratory and feeding) does not ur:vally remain for more than 15 days 

close to the iftiore here and is better taken  :[rom the beginning in fine.rmesh 

nets (merezhi) close into the shore than in those farther out. 	nore than. 

7 centners were caught in 7 days of fishini (between 24 and 31 May) in 1963; 

5 centners of this quantity wore taken on. 3 days (May 26-28). 	In 1962 the 

catch was 18 centners, 12 centners of which were taken•before May 30. 	There 

was previously a CP5C in which 5 centners of salmon were taken in a night. 

Westerlies which pile u,rs, cold water from the lake are condncive to fishing in 

this region. There was no fishing around Besov  Nos in the summor since salmon 

were rerely taken there. 

According to the observations of M. B. Zborovskaya (198, p. 94), 

when tiu2 water alonn the shores heats to above 1400 the salmon move out into . the 

Tr n cold spring they remnin for longer around the shores, until 

the bei- L; of June. 

The feeding salmon and spawned salmon descending from the rivers feed 

at this time on spawning smelts (Veshchezerov, 1931; Zborovskaya, 1948). 	In 

the summer the salmon feeds on the vendace and is therefore to be found where 

the vendace is found and is taken in fine-mesh fixed nets. Àutumnal feeding 

'concentrations of the salmon are associated with spawning concentrations of the 

vendace. 	There is a close correlation between the runs of these fishes which 

has been noted by N. N. Pushkarev (1914a, 1914b) and V. V. Veshchezerov (1931); 

Autumm concentrations of the saloon are known for the regions of Brusno, 

Saloostrov and Cape Petropavlovsk. 

When  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 bus  been established 

by the age-old practice of "garipa " fishing and rod and line fishing; "garva." 

orcn 
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fishing was practised until the lnke froze over. 	In cairn  clear weather 

slmon may be seen sporting at the surface. 	The rresence of the salmon in 

the upper layers of the water explains why the vendace predominates in its 

diet, rather thnn the smelt, which keers 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. 	Nor do we know where the salmon 

winter. 

Although the pattern of the scales is slightly different in 

different local stocks (different percentase of occurrence of transitional 

zones and of epitheliomatous erosion), these differences are not so 

sirmificant as to enable us to infer iron: the scales of a salmon cauFht in the 

:Lake  to which river stock it belongs. 	Admittedly, some difference which has 

been noted in the structure of the transitionnl zones may possibly enable us,  

te make a tentative judr»ent of the stocks to which the fish belonRs, but this 

is still in need of classification. 	Therefore, materials on the feeddng salmon 

uns,accoml:anied by tagging may be used only for an overall description of the 

feeddng part of the entire population (nutrition, growth etc.). 

III. 	The Swiwning Mir:Tation and the Factors Affecting It. 

It is not known how the salmon is guided in the open lake in the 

search for the way to the parent river. To judge by foreign research data 

(Fagerlund et al., 1963; Uoodhead, 1963; Andersen, 1965; Sockeye salmon... 

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. 

In the zone off the river mouth where the continuation of the river 
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no,/ can ::till be traced, the run of fi s'e is dee'rmined by the currents. 

. ''his hee. been established by dyeing the ,::.ter  of rivers flowing into Dristol 

Bay and by observing the movement of the sockeye in the bay.  (Sockeye salmon... 

1965). 	Accor(•iing to the obserw.‘tions of V. M. Nedezhin (19()4) on the 

behaviour of the Atlantic saloon in Peebora Bay, the run of the salmon is 

uoverned.by the discharge current. 	Offshore winds intensify the discharge 

current as a result of drift and this intensifies the•entry of the Atlantic 

saloon  into the river. 	Conversely, "backing" winds deprive the fish of a 

guideline, since the current is lost. . 

B. Carlin (1955) holds sinilar views on the effect of the carrent  

and the wind on the behaviour of the salmon in the zone off a river mouth. 

Our observations on the  movement of salmon in Petrozavodsk Bay do 

not contradict what has been said above. On entering the bay, the salmon 

•
definitely keeps to the current of the Shuya, which hugs the southern  shore on 

leaving Solomennoe Strait (Litinskaya, 1960). 	Salmon traps were erected in the 	/66/ 

past all along the southern shore of the baye Nowadays they are placed in the 

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

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 

• 
east 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 transparency which makes the traps less noticeable. A south wind is a 

backing wind, and a test  wind shifts the current away from the shore, i.e. 

away from the traps. 

In general the wind has a strong influence on the behaviour of 'salmon , 

• 

• 
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in the areas off river mouths. 	However, this effect is exerted mainly on 

daily catches (occasionally on catches over 10-day periods) and does not alter 

the  general picture of the spawning run -- the number and time of the .0eaks. 

There is a very  ' e1l  manifested correlation. between the run. of the 

saison and water content. 	The most intensive ascent of fish into the rivers 

occurs during floods (spring and autumn);  the  ascent decreases as water 

discharges are reduced and ceases entirely in small and medium-sized rivers 

during the 3.ow-water period. 	The run may be renewed in such rivers in the 

summer when level rises after rain (Pyal'ma and Kumsa) or when there is abrupt 

discharge from reservoirs (Lizhma), when salmon from the zone around the river 

mouth rush  into the stream. 	In Kondocoga Bay salmon entered a stream flowing 

from a power station, the strength of which was 10  Limes  greater than the 

current in the old river bed- 	Owirg to the extremely low levels in the summer 

and a',7..›,72.::n of 1c,;(_3 and 1964 the  oh st acles  in the  ouths  of the Tub,: and Kumsa 

Rivers  (dam and bay-mouth bar) were insurmbuntable to the salmon. 

The decisive effect of the water content of rivers on the time of the 

spawning run and on the quantity of spawners entering . the rivers is referred to 

by A. N. Derzhavin (1922, 1953 ), I. Krussell (1962) and A. I. Sherstyuk (1958). 

The connexion between the run and water temperature has been in-

adequately investigated. 	M. B.. Zborovskaya (1935) noted three periods of mass 

run with successively lowering intensity in the Shuya salmon. The first run, 

which is the largest, coincides with a mean water temperature of 700, the 

middle run occurs when temperature is 10-1200 and the third and smallest run 

occurs when temperature is 14°C. 	"Within each of these periods the run of the 

salmon is reduced when there is a temporary rise  in  water . temperature". 

On the other hand, P.I. Movikov (1947), who studied the run of the 

summer and autumn Atlantic salmon in the Kern' River, 'concludes that "no  relation

ship is to be observed between the intensity of the run and water temperature". 
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Our materials do not at present suffice for final conclusions. 

It ,:;ould apDarently not be mistaken to suggest.that water temperature within 

the normal temperature range p ays  a lesser role than water content and the 

winch 

The rate of advance of the sa  tmon upstream in different rivers is 

• 

apparently different and is dependent en many factors (on the remoteness of the 

spawning grounds, on the total fall and gradients, on water content, on the 

existence of logging etc.). Because there have not been any direct experiments 

involving tagging, the mean rate of advance may be assessed from the time of 

appearance of the salmon in different reaches of the rivers. 

The Vodla salmon reaches the Upper Vama (170 km from the mouth of the 

Vodia) toward the middle of July,  i. e in  2--2.5 months. In this case the mean 

rate of ascent is 2--3 km a day with a rise of a-‘-yoroximately 1.5 m. 

The ryai'ma salmon appears in 'the ',,hilaya Tambitsa in the region of 

the  settlement (30 km from the mouth of the Pyarma) approximately between the 

15th and the 20th of M&.:y or 10--15 days after cOmmencement of the rum from the 

lake. Here also the mean ,  rate of ascent is 2--3 km per day, but thé rise is 

- 7--10 m. 

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

the Svir' was 1--4 km per day and the maximum rate was 8.5  1m per day ( one 

instance). 	In the lower.reaches of the Kem', also according to tagging data 

(Novikov, 1950), the mean rate was approximateli 2.5 km per day; similar results 

were yielded 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 Pyal'ma). 

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

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

No more rapid advance has been recorded. 
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IV. 	T,ipcs of -Srawninr Mirn-ations of the Lake OneFn Salmon. 

'Phe study of spawning migrations has a direct bearing on consider- . 

ation of the ouostion of localization. There are stable differences in the 

time of the spawning.run of the Lake Onega salmon entering the different rivers 

(figs. 9-13). This is not connected with membership of different biological 

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

grilse ("Undo"). 

The informatien to be found in the literature concerning the time 

and pattern of the spawning run of the Lake Onega salmon is far from plentiful. 

The material assembled by M. B.. Zborovskaya (1935, 1948) contains a table which 

includes half the salmon rivers (eight), Sut in which the periodswhen the run is 

intensified are not distinguished. 

On the basis of M. B. 2:iborovs1cayals table, 	Novikov (1957) 

compiled his own table which, in his own words, contained  some  clarifications". 

However, the new table contains a number of mistakes  not  to be found in the 

,original table: 1) the time of the mass run for -.Petrozavodsk Bay and the mouth 

of the Shala is given as "September and the firSt hall of October" which does 

not correspond to reality; 2) there is no mention of the autumn run in the 

Eyaltma, which was known long ago by N. Ya. Ozeretskovskii (1812); 3) the time 

of the mass run for the region of the Varna dam, as for the meuth of the Shala, 

is indicated as "September and the first  hall of October". In fact the salmon 

appears in the upper part of the Vama from the middle of July and does not 

ddvance any further, but remains to spawn 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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Fi. r. 9. 	Intensity of the salmon run by 5-day 	Fig. 10. 	Intensi;:y of the 

periods as -(crcentares of the catch over the 	salmon run  by months as 

seson in tho Vodia ivcr 	 percentaes of the catch over 

1 -- 1927, 	2 -- 1964o 	 the season in the Vodia Uiver. 

1 -- 1927, 	2 -- 1930. 

There follows 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 Andrei LikhacheV (1563;. 

cited by  N.  N. Pravdin, 1915) that salmon and trout are caught throughout the . 

Summer in the river ("...v Lososinnitse lososi ± torpa vo vse leto"). 	It may 

apearently be considered that this reference to  corne  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; salMon have long disappeared from 

it. 
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Shuva. 	An excellent descri -otion of fhe run was given by M. B. 

Zberovskaya (1935): "Three .;s:eriods of mass run are annually observed in the 

migrations of the salmon into Petrozavod2kBay and into the Shuya River. 

These periods.do not coincide in time in different years, but are nevertheless 

close. The first period of the largest run of the salmon lasts from May 

15--20 to June 5--10. 	The second rise in,the intensity of the run is noted 

from june 10 • 15 to june 25--ju1y 5. 

The third ascent takes place between June 30 and July 10. 	Single 

salmon are caught in tbe - autumn." 

Our observations of the Shuya salmon were made in years which differ-

ed markedly in. thesize of the run, in water content and in temperature 

conditions 	it is noteworthy that the -i-.attern of the run remains constant on 

the whole, as described by M. B. Zborovskaya. 	It was only in 1964 that the run 

bern ten 	later th.1.-:.n usuc,1 r:rnd that the decline in its intensity in July 

was not as sharp as in r:revious ,,, e-ars (figé 12); the cause of this is not clear 

at present. 

Suna. A descrirtion of the salmon run when the Suna was in  its 

natural state before  lis  regulation was given by N. I. Kozhin. (1927a, po 227): 

. "The first run of the salmon begins immediately after the passage of the ice, 

while the water is still high (in the condition known locally as "scouring" 

/69/ 

wate ):' ). According to statements by fishermen, it is small salmon weighing 3 

• 

to 5 lbs0 which arrive at this time. These salmon, which am 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 ca1endar.
1 

1 
Translator's note. 	The reference to the new calendar means that the date 

has been adjusted by the addition of 13 days to bring the Julian calendar 
into line  with  the Gregorian calendar. 	Tho Gregorian calendar was intro- 
duced in ".iussia on February 1, 1918. 	As the date or Kozhin's paper, from 
which this quotation 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 

"salaga"). 	It is larger  saloon  with darker colouring; known locally as the 

"Suna salmon" which run at this time. This run also lastn  for 2-3 weeks; 

"Lake Sandal salmon" are taken together with "Suna salmon". 	The "Lake . 

Sandal salmon" . in no longer to be found in the subsequent runs. • The salmon 

run subsequently continues intermittently for the whole of the  summer. ' The 

run begins to intensify at the beginning of September by the new calendar and 

the third and most cc;nsderable run takes place between the middle of 

September and October 15. The salmon in this run are already spawning salmon, 

since spawning is observed around October 10-15 by the new calendar, or to be 

more precise salmon with ripe eggs are caught. 	Salmon ascend the Surin  River 

to the fivach Falls, u-nich t'ney cannot surmount, and'they previously entered 

the Sndalka iver in large numbers (bef(de 1926)." 

Therefore, there were three intensity reaks to the run in the Suna, 

as in the Shuya; the only difference is that the third run in the Suna occur- 

• red considerably later, when the run had already ended in the Shuya. 

M. B. 2,borovSkaya cited observations made when the Suna had already 	/7Q 

. been regulated. 	She writes (1948); "In the greater part of the rivers (of 

Lake Onega -- Yu. S.) the main run is observed in the spring, in the month of 

May. 	It is only  in the Suna and Lizhma ivers that salmon are caught in the 

river mouths only in the autumn, at the end of September and in the beginning 

of October. 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 migratory salmon arrived between August 20 and October 15, mainly at • 
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the end of Au-;t and .the beginning of i'lertember. 
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• Fig. 11. 	Salmon catch in centners in the Chais  fishing  ara in 1932 (taken 

from 2;c:orovskaya, 1903). 

1 -- In the mouth of the Vodla; 	2 -- around Besov r os; 	3 -- around Cape 

Murom. 

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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Fig. 13 e 	intensity of the salmon run as percentages of the catch over the 

1963 season in the Fyarma River. • 

Information from questionnaires filled in by old inhabitants who 

were fishermen confirms the statemc.,nt of N. I. Kozhin concerning the spring- 

summer run which previously took place. 	If the spring "Lake Sandal!' salmon 

in fact entered the Sandalka and the Tivdiika (that this .  was so is reported by 

K. F. Kessler (1868) and P. F. Domrachev (1929)), its disappearance after 

'hydraulic engineering works have been carried out.is  understandable since it 

did not re•ch these spawning grounds. 

Therefore, the pattern of the spawning run was initially simplified 	/71/ 

(the number of peaks in the run was reduced), and subsequently around 1962 the 

Suna stock finally disappeared. 

Lizhma. The salmon now enter 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. When the dam is closed 

the salmon hardly enters the river at all but remains in the zone around the 

mouth. When there is a sharp discharge of water from the reservoir the salmon 

rushes into the stream. 	For this reason it is impossible to give a precise 
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indication of the tine when the run is at its peak. 

Old 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, these upper spawning grounds in 

the Eigamka and the Upper LiCna have long been practically inaccessible owing 

to the obstacles produced by logging (dams and obstructions). 	Spawning now 

takes place only in the reach below the Kedrozerc; dam; the path to the spawning 

grounds  has therefore been shortened from 50--60 km to 4 km, i.e. to 

1/12-1/15. 

Unit3a0 Amateur fishermen cauFht several fish 5--6 km from the -- 

mouth in Serftember 1963 and several more in November 1962, but approximately 

40 km from the mouth. The time of the run cannot be assessed from these data 

and there is no  information in the literature. 

• 	• ,, According to observations made by a fisheries inspector, 

H. 17 .. Pavlov, over several years, the main-run of the salmon occurs between the 

second half of July and the beginning of September. 	There are no published 

data and no fisheries records. 

Povenchanka. 	H. N. Pushkarev (1900a) has the following to state 

*concerning this river: "Even now the salmon enters the rovenchanka occasion-

ally , beginning in July (by the old calendar, -- Yu. S.)", and he continues: 

"Up to 15 salmon are caught in the course of the summer...at the dam near thé 

sawmill (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 end of June to Peter's Day. , 	At this 

11> 

	

	time the salmon and the . taimen enter the bay:  (Cholmuzhskaya Bay -- Yu. S.), 

and subsequently the Nemena laver. The run of these fishes continues until 
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the autumn...". 	L. N. Zverintsev (1899) 	"Their basis (the basis of the • 	Cholnu7,hskaya Fisheries -- Yu. S.) is the spring run  of the pike-perch and 
the salmon...". 	N. N. Pushkarev (1900a): "The salmon...is also caught in 

Choimuzhskaya Bay in the autumn, and in the Nemina River and  in front  .of the 

Choimuzhskii Strait in considerable quantity in the spring." 	V. V. Pokrovskii 

(1936 ): "The run of the salmon. into Cholmuzhskaya Bay also occurs in the 

• 

spring: the run begins between the first and the 15th of May, is Greatest 

between May 15 and june 1, and ends in  September. 	From Cholmuzhskaya iiay the 

salmon  ascends the Neména River...". 

According to replies to questionnaires obtained when the river was 

insnected in 1964,  cal mon are caught at the beginning of June and in Septenlber . 

in the reGion of the upper spawning grounds in the tributary,  the  Pazhn. No 

movement of salnon was noted in the summer; only those fish which had remained 

in the pools sjnce  the  arriug were caught. 

It may be concluded from the foregoing information that there are 

two peaks, a sn,ring and an autumn peak s  in the run of the salmon into the 

Nemina, and that the spring peak is the main one. 

Pyalma. 	U. Ya. Ozeretskovskii (1812) reports the run in the spring 

and autumn: "A fence has been erected in the Pyal'Ma River at which many white-

fish, salmon and "torpyn* are taken in the spring and autumn...". 	For some 

reason, none of the other authors who refer in their writings to the Fyarma 

salmon say anything about an autumn run. 	It is stated in the reference work 

"The 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 professional fishermen. 

Karelrybvod maintained an observation point and control nets across 

the river bed on the Pyallma from 1958 through 1964 with interruptions. 

— — 

* TranslïAor's note, Apparen0y a dialecL word. Not in the latest edi -eon of 
Nikorskji: Chastnaya ikhtioloziya (Moscow, 1971). flot in Ryby SSSR. 
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According to the Observations in 1963 and -164, the autum run, which coincides 

with a rise of level, begins from the end of Aùgust and ends by September 20; 

t .ie bulk of the salmon run between September 1/ and 18. 	In 1963 more than 

100 salmon accumulated below the control nets across the river bed on 

September 15 and 16. The autumn run was weaker in 1964, possibly owing to 

the absence of an autumn flood and the extremely low level of the water, which 

was more characteristic of the summer low water in a dry year with little water 

in the river. 	 • 

The spring run lasts from the b •ginning of Nay (immediately.  after the 

ice run) to the middle of June; the peak is between Nay 20 and June 5 and the 

run is larger than the autumn  rune  The ascent of the river by the salmon ceases 

entirely at times between the sPring and autumn runs, but may be renewed after 

rai  as a result of the rise of level. 	The first sa2mon of the spring run 

• aprenr 4.22 	tributnry, the nilnya Tambitsa, in the region of Lhe settlement; 

around May 15--20. 	The 7)attern and,time of the run in the Pyarma are therefore 

very similar to the pattern and time in the Nemina  (fi. gi, 13). 

• 

Tuba.. There is no published information.. Before 1964 the salmon 

• 

	

' leaS able to ascend the river only in the spring,'during the flood. 	The dam 

dries up during the low-water period and the autumn rise of level is in-

sufficient to permit of the passage of the salmon, which remains below the dam 

. (observa'cions in 1963  and 1961f). 	A passage which was  eut  through the dam in 

the autumn 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 

run. N. Ya. Danilevskii (1875): "The pike and the salmon begin to ascend from 

the end or from halfway through April (old-style calendar -- Yu. s.), depending 

011 the year. 	The salmon run continues throughout the summer...". 	N. N. 
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Pushkarev (19C,Ca): ftrhe 	fi.hermen find the  salon in their crAches  frein  • 	lay through juy"; "...the first salmon appea in the  • odla in "Nikorskaya" 	/73/ 

week, i.e. between 1:ay 1 and 6"; "Both around. Podporozh'e and bPlow, right to 

the mouth of the Vo(ila ..:dver, there are three periods of fishing: the spring 

salmon catch, the autumn. whitefish catch and the winter burbot catch." Trap 

nets were usually used for fishing at Podporozh'e from the end of April until 

the end of May and salmon were taken in them with other fishes; it was mainly 

whitefish and a few salmon which were taken in the summer and only whitefish 

and burbot in the autumn. 	M. V. Logashev (1931): "The s:.1.1mon run in the 

Vodla...begins at the tine when the river opens or a few days before - it...". 

V. V. Pokrovsii and A, F. Sr.d_rnov (1932): "It (the salmon -- Yu. S.) begins to 

ascend the Vodla 2iver in. the spring, frequently before the lake and the lower 

reaches of the river are free of ice. The run continues throughout May and half 

1110 	of June, nfte ,- which the sulu.on  in  no longer taken in the river and only isolated 

specimens  are  tqken ju. Shala Bay. 	Tnere is no autumn run of the solmon here...". 

M. B. Zborovskaja (1935) gives 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. Zabolotskid 

-(1936) the peak level of catches in 1932.was between May 20 and 30, 

Our observations are in full agreement with the conclusions of M.D. 

Zborovskaya. The spawning run ends in June, around the middle of the month, at 

the sectibn in the mouth of the river. 	In this respect it  i  very similar  te  

the first peak of the run in the Shuya. 	In the following months, down to 

September, only feeding salmon are caught along the Shala shore, where they are 

to be found in general from the spring, from the.time of approach of the smelt 

(see figs. 9--11 based on the materials of E. A. Veselov (1932) and M. B. 

Zborovskaya (1948)). 

Andoma. Original information is given only by V. V. Veshchezerov 
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(1031); other :Author.:; repeat him. 	Veshchezercv notes that there are three 

salmon runs to the region cf the sore around ti -,e Andoma, in the s .p.ring, the 

summer and the autumn; the first of these is a_spawning run (entry into the 

river), while'the other two arc assumed. to be feeding migrations. The first 

run takes place from halfway through Mey . and entry into the river is particularly 

intensiiye in the first 7-10 days. 	In 12.c) the run was recorded from May 29 

and iastod 5--8 days. Fishing used to last for 15--50 days in the spring and 

autumn during the roriod of the rune 	The second run is at the beginning of June 

-- it must be as,sumed that this migration is of the nature  of o feeding 

migration, but it is possible that 2ome pronortion of the salmon move directly 

into the river". 	"The third run of the salmon, which is also of the nature of 

a feeding migration, takes 1.1ace in the autumn during the migration of the 

vendace. 	At the nresent time, in connexion \:ith the heavy reduction (since 

1 926) in the arrival -of the velace to swfl around Cape -Èetroravlovsk and the 

shores adjacent to it l  the autumn run of the salmon has also disappeared." 

There have not been any subsequent observations of the Andoma salmon. 

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, t'nere is an autumn run in September, 

which is not clearly stated by Veshchezerov, and in the autumn the salmon also 

enters the tributary, the Samina. Nothing reliable is known concerning the 

. bummer run. 

Vyterra. 	V. V. Veshcheyerov (1931): "...between 50 and 70 fish 

were cauglit...eround the town Of Vytegra.,.in the spring of 1924.... 	There is 

no other information. 

Morrra. Control nets were stretched across the river bed 3 km from 

the mouth by Sevzapryhvod between liay 13 and September 25 1964. 	Salmon and  • 
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trout arrivcd sinly between 1. .ay 	 Ju.:Iy; the uain run wa.E.i in AnFilst and the 

• 

approxina•ely ? timec as many .1irre trout as salmon in the catch (observations 

of I. I. P.: ,2,v). 

Vodlitsa. 	There is no inforition cencerninc  the  tire cf the run. 

Comarison of the time and pattern of the salmon run in the different 

rive -Ps in the basin of Lake eneua reveals considerable similarity in some 

instances. The  following three types of spawning run may be distinguished on 

this basis (fiGs. 14, 15): 

1) spring run with one peak (Vodia); 

2) soring-autumn run with two peaks (Fyal'ma, Eemina); 

3) spring-autumn run with three peaks (the Shuya and, in the past, the Sana) ; 

4) • protracted summer-autumn run (Kumsa) 

Because there is at present no reliable  information ):or the other 

rivers it is premature to accord'them to any of the types, although provision-

al judgments may be expressed. 

The intensity or density of the run is connected with the type and is 

dependent on the number of peaks into which the entire run is subdivided. 	The 

density of the run is greatest in the Vodla, followed by the Pyarma, where the 

peaks are sharply expressed, and.then by the Shuya, which has gentler peaks. 

Thus, almost as many salmon were caught in five days in the Vodla in May 1927 

(between May 27 and 31) as in the whole of the fallowing June (accordint to the 

materials of E. A. Veselov, 1932). 

The pattern of the run is related to (or coincides with ?) the 

location of the spawning grounds in ail the rivers for which there are reliable 

data. 	This correlation is expressed in the agreement ,- between the number of 

peaks of the run and the number of groups of spawning grounds and in a less 
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expressed correlation between bhe time of the run'and the remoteness of the 

.spawning; grounds. It may therefore be sugesbed that the location of the 

spawnim; grounds is the cause of the difference in the types of run in the 

different rivc,rs. •  

In fact, the spawning grounds of the Vodla salmon are concentrated 

in the Vodla between 170 and 147 km from the mouth. No such arrangement 

exists in the other rivers and it  s  only in the Vodla that there is a short, 

dense spring ru  n (first type). •  

:in the Pyarna the main spawning grounds lie in.two groups, in the 

tributary, the Zhilaya Tambitsa (between 30 and 22 km from the mouth of the 

ryal'ma) and in the lower reaches of the ryarma itself (between (i.0 and 0.4 km 

from the mouth). 	Even here, however, despite the short miurabory path, two 

peaks.are clearly expressed in the rune 	It has been noted that the salmon of 

the spring run mainly occupy the upter spawning grounds, in the Zhilaya 

Tambitsa, and that a few of them.even ascend the Tuna, a tributary of the 

Yambitsa, as far as the Koda (up to 50 km from the mouth of the Pyarma). 

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 utilize the lower 

'spawning grounds, beginning 400 m from the nouth. 

The arrangement of spawning grounds in the Nemina is similar to 

their arrangement in the Pyal'ma and there are correspondingly two peaks of 

.the run -- in the spring and in the autumn. 

There used to be three groups of spawning 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 iere definitely connected with the most 

remote spawning grounds and were known as the "Lake Sandal" salmon (Kozhin, 

1927a; see above). 	The salmon of the last . run, which entered the river with 



• e 

- 111 - 

• 

• 

—C= 	 

a 	0 	EI7)-1 

— 	\ 
1? 	" 

VII 	WI 	P: 

—1 

$ 	••-•-•--••--;---••- ■ --L 	  

-0221 

• • 	 • 	 .1_1_1 • • 

15 0 15 50 •y•tr 

•••••{7.7777A.: -- spa v•rt", •■-% 	 r -  Itz 0,401 9 r 	‘it 

type cf spawning miLxatiou of the salmon and the location of 

L'Tounds. 

1 -- 	2a -- Nemina; 	2b 	Pyal'ma; 	3 -- Shuya; 	4 -- Kumsa. 

0 10 20 • 

r - 
t. 

• •  ■-•  • 	- 	• 	 • 	• 	 • 	• 	 • 

V 	I/1 	Vil 111// IY  

•
A — \ .._ ..., ,.._ _ ....._,-....... ".... J- ." , 	i_ 

	

, 		..._,_ _L - 	. 	..._, 	 . , , 	 . 	 ,  

V 	VI 	WI 	Wll 	« , 	X 

Fic. 15. The  type of spawning migration of the salmon and the location of 

the spawning grounds. 	• 

1 -- Lizhma; 	? 	Suna. 	See fig. 14 for the key. 



• 

- 112 - 

runninr sexual :roducts, srawned in the lowest rapids. 

Thcre are three main groups of spawning grounds  n the Shuya and 

also three pehks to the run annually expressed with great constancy. 

Ih the Kumsa the spawning grounds are essentially locatcd . in one 

group covering 13 km of the lower reach  of the river and there is here a 

protracted sur:raer-autUnn run in which no sharp peaks are noted. 

It is highly ourious that the elimination of groups of . spavning 

grounds (the upper spawning grounds in the Lizhma and the Suna) leads to a 

simrlification of the pattern of the run: the spring run ceased in the 

Lizhma and the spring and summer runs in the Suna (before the stock disapY)eared 

completely). 

After the hydroelectric power station at Ignoila had cut off the 

sm ,111 upper spawning grounds in the Shuya, the salmon ceased ascending to the 

troper reach of the river (above Lake Vagat), with only isOlated instances of 

wandering. 

All this suggests that there may possibly be "small-scale 

localization", i.e that within the stock of an individual river there may be 
, 

smaller groupings associated with definite spawning grounds. 	Admittedly, 	it 

would be risky to assert a priori that, for instance, "the salmon of the 

'second peak is firmly related to the second group of spawning grounds", but 

such a possibility must be conceded, especially because there are similar 

examples for other basins. 	Thus, the sockeye stoek in the Bystraya River 

(Kamchatka) consists of four "substocks" which differ in spawning localities 

and in the  tire of the run; instances of wandering are exceptional. 	The 

independence of these substocks, which had previously been established on the 

basis of . ordinary ichthyological analyses, has been confirmed by serological 

analysis (Zaks and Sokolova, 1961). 
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This question is of great siuni - icance and there is no need. to 

demonstrute its to -dc:-. -aity 	.  c  know wbut praèticul benefits have been 

derived from the study of intrapecies biological groups in the Aeir,cnseridao 

(the work of the laboratory of 	L. Gerbirskii). 

'2he first step tovards elucidation of this important and extremely 

interestinG question should be a broadly conceived and exeoated taing of 

salmon of different peaks of the run and young salmon in different spawning 

and growth areas, and also the use of sensitive biological methods (immuno- 

- logical, biochemical etc.). 

V. 1,1tomtion in the Structure of the Stock dùrinfr. the --------- 

:Run of the S.almon. 

Albhoush alteration  in the structure of a stock durinG the run may 

be  an indication of its heterogeneity, constancy of structure is not, on the 

other hand, a reliable indication to the contrary 

No significant differences in the structure 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; H. B. Zborovskaya (1948) reached the same conclusion. 	The 

apparent reduction in the number of large fish (and in the proportion of 

carry-oer) in August is due solely to the fact that few fidb are taken at this 

time and that the fishermen keep the best for themselves. 

In the Suna, according to the data of N. I. Kozhin . (19270, 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 tbe cause has been  iGst now that the Ouna stock 

has disappeared; there are no old records. 

.‘ 
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• 	Larf-er suirT'on enter the Pyerma in the' autumn than in the snring 

• . (aCcor:in to recorJs for 1953 and 154): 5.1-5.3 kg as ar:ainst 4.4-- 1 6 kg 

(table 7)„ Tbis is due to the fact that the carry-over constitutes a greater 

-rroperton in' the autur:,n (up to 1=0 	of the number of migrants as acainst 

20-30 in the srring) and that Uere are more large old femeles (although 

these ere srra:lier nan coeval males); in the autumn run females account for up 

to ;2.1-- 6 	as against 67 ;,:; in the spring. 	The mean weight of recruits is 	• 

-cractically t'ne same in t're sprinE and the autumn, 4.3- • 4.6 kg; their age 

composition and r.ean age (7.3 years) are absolutely the same. 
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Key to Table 7: 	1. Table 7 2. Ueight of salmon entering the Pyalima in 

the spring and autumn 3. Season 4. Weight, kg 5. Number of fish 	6. 

' Weight range, kg 	7. Mean weight, kg • 8. Spri •g 	9...Autumn, 

For the region around the mouth of the Vodla N. N. Pushkarev (1900a) 

and M. 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/ 
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is due solely to the fact that after the migrating salmon enter the river 

only small sexually immature salmon remain alok s the shore areund Shala and 

are caui-ht theFe till September. 

The same cause was responsible for the reduction noted by V. V. 

Veshchezer6V ( ;191) in the mean weight of the salmon in the Andoma region 

from 3-2 kg in  ay tO 1:8---2.5 kg in June; in the summer the bulk of the 

salmon weighed between 0.55 and 2.5 kg (Tikhii, 1931a, the table on p. 11), 

i.e. were Ob=iielliSiy dexually immature, since the minimum weight of adult fish 

caught in the s7?.awning grounds is 3 kg, according to the data of Veshchezerov 

(females >=6  k, ;:iaies 5 1:g). 

-1-n 'the Vuoksa  the  -mean  weight  of.  adult fish increases in the course 

of the rUn Trbm'April through October t) .i 2--2.5 times as a'result of reduction 

- 
in the proportien of grilse (Sabunaev, 1956). 	It is impossible to use this 

material or the -large - aMount of material on salmon of different populations 

from  the St:a f ■16r'islIres - of comparison because of the significantdifferences 

in biology (eii,4e3, -hiemE,1 form). 

_-_Sn-Time  of Srawning and Behaviour  of The Salmon. 

;PiibÏiShed - int-ormation on the time of spawning is extremely sparse 

and fragmentary'beCaae no special observations have been made. 

.(1868): H ...it does not begin spaWning until the late 

.autumn 'afterthe - festivai of "Pokrov"...The salmon also spawns earlier in the 

Povenchanka, 'alreadi lin'the month of September." 	N. I. Kozhin (1929a): 

"Spawning &tithe :salmon -began in the mouth of the Suna River on October 25" (in 

1927 --' 7M4 S..). 	V. V  Veshchezerov (1931): .  "The spawning period lasts np to 

20 days •rom aPproximately Septamber 25-27 to:October 14" (in the Andoma • . 	YU. S.), 	V. V. - Pokrovskii and A. F. Smirnov (1932): "Spawning of the salmon 
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was noted for the Suna in the first hall  of October. 	It is interestinG to 

note that sal:on he -::t in tLe autirm of  11 in the live containers of the Ust.'- 

-Suna hatchery of the Kare1..7.,n Fish Breeing -Research Station (=RS) did not 

. yield eus until November 1 6--13, i.e. ti_eir slilawning was delayed for a. w'nole 

month. 	Tile lite of the fish in captivit -à,  ap -oarently had a retarding innuence 

on mr.turation of the sxual.-7roducts in this case." 	B. S. Lukash (1939): 

"Spawning is noted in the second  hall of October and in the beginning of 

November at a de .oth of aproximately 1 m..."( -in the Vona -- Yu. S.). 	H. B. 

Zboovskaya (1943): "Spawning of the salmon. is usually observed in October and 

the beginning of November. 	Thus, in the Suna River in 1927 suauning took place 

under natural conditions from October 21 and was at its height on October 25, . 

which was, according to the observations of 'fishermen, slightly later than in 

other years, since spawning begins, de ,;:endin on weather conditions, either . 

before October 14 or :[rom October 20. 

• 	 The time of spawning of the salmon in different years was as follows: 

the salmon began to spawn on October 15 in the Suna in 1931; in the middle of 

October in the,Lizhma River in 1932; on October 20 in'the Shuya River in 1933; 

on October 15 in the Shuya River in 1936; on October 13 in the Shuya River in 

1946. 

Our observations in the s -cawning grounds contribute little that is 

new to clarification of the time of spawning. The rate at which the water in 

the river cools is dependent on the existence of lakes in the river and their 

position. Where.cooling proceeds more raDidly spawning begins slightly 

earlier: end of September--beginning. of October in the Pyarma and the Tuba, 

middle--end of October in the Varna and the Shuya. Attention was  first drawn 

to this bv K. F. Kessle -n (1868) in relation to the Povenchanka. 	In 1,2,ngland 

spawning occurs earlier in the northern rivers than in the southern rivers 
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(N3n27,ies, 1 )31). • 

have the following  observations in our possession. Adult and 

dwarf males with running milt were found in the Pyal'ma and the Tuba in 1954 

from Soctember 8; adult males were Caught in the lake, approximately 1 km from 

the mouth of the Eyal'ma. 	Females were . still in stage IV of maturity at this 

time. Dawning occurred after Se::tember 26. 	In 1965 dwarf males in stage V 

• 

of maturity were found in the Pyarma from Oeptember 13. Salmon were seen 

sporting in the lower spawning ground of the Pyarma on September 30. A large 

found  in. the  Tuba on the folloWing day at the lower end of the Velikii 

Kamen' rapid. There were some ten dwarf males in stage V of maturity around 

this.redd (eight were caught); there were no traces of adult salmon which had 

in all probabiliten caught by "amateur" fishermen, traces of whose activity 

could'be seen'both in the river and along the banks. 

Pedds were found in the Syapsya on November 1-•2, 1960 in the Terva-

koski and Kover-porog rapids, but it is possible that the salmon had spawned 

previously, but that the commencement had not been noticed. Redds were noted on 

October 18 of the same autumn in the Lower Lizhma 4 .but,spawningyas still not 

- , 
complete since the salmon remained around the redds in pairar_ nine -days .later 

there were no females in the spawning grounds and only -males remained around 

the reàds. 

In the Varna in 1963 spawning was complete by November 1, only males 

remained around the redds in the rapids,while the females had 'already left the 

spawning grounds' (only one female which had laid its eggs was found). 

Salmon were kept in containers-at the Sunaf.hatchery from the third 

decade of August until  the  middle of September. Eggs were obtained on October 

18--19 in 1959, on October 18 and 27 and November 1 in 1960, on October 13, 17, 

20, 23 and 27 in 1961 and on October 22 in 1962. We do not know to what • 
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extent the maturation of salmon in captivity lags behind natural maturation. 

Redds may be located in different parts of a rapid (shallow), 

including its upper and rower ends. Spawning usually takes place at a depth 

of down to 1.5 m, but a redd was found in the Varna at a depth of approXimately 

2 m. According to replies to questionnaires, spawning formerly took place in  

the Suna in the Vidansk rapid at a depth. of 2 m and even deeper. 	Such a 

depth seems very unusual and slightly too great. However, M. I. Vladimirskaya 

- (1957) notes that there were redds in the Pechora at a depth of down to 2 m, and 	/8Q/ 

V. B. Sabunàev (1956) even says that the maximum depth for the Vuoksa is  L. m 

00. However, the majority of the fish evidently excavate their redds in the 

depth range 0.5-1.2 m, as may be assessed from our not-very-,extensive 

observations in the rivers. 	The reaction of  the  fish to an alteration of 

water level when spawning  ha  s already begun is of interest in this respect. 

At the time when spawning began in the Varna (1965) level in the river was 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, essentially trial- redds along both banks, Which  iere found to be 

at too shallow a depth as the leVel fell and were therefore abandoned. 

Finally, the salmon moved 5--10 m away from the first redds and spawned at a 

•depth of between 0.5--0.7 m and the very midffle of the bed at down to 1.5--2.0 m. 

Such behaviour of the salmon  bas  been observed in the spawning grounds of the 

Vuoksa by V. B. Sabunaev. 	 - 

If the reservoir is discharged after spaWning has finished, as is more 

often the case in the Vama, the redds along the banks dry out; this has been the 

case since the nrst years after construction of the dam (Lukash, 1959). 
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• A large number of trial redds may be a result not.only of an 

alteration of level, but also of unsuitable or contaminated bottom material. 

. There were six trial redds in a chain, 	m apart, along a crib in the 

Syapsya in the Terva-koski rapid, where the shingle was mixed with bark; the 

redd actually used was in the .  middle of the river bed 20 m higher urstream 

from:the trial redd,g. 

• There is in general no consensus of opinion concerning the number of 

trial redds and redds actually used which may be excavated by a single female. 

Because there are few observations (Greeley, 1932; Hobbs, 1937; Jones and 

King, 1949, 1950; Nikiforov, 1960; Grinyuk, 1963; 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 of 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  ma Y be highly variable, 

it is difficult to expect an identical number of redds in all circumsiances. 

The suggestion of M. I. Vladimirskaya (1957) that the Atlantic salmon.may 

-excavate between 1 and 7 redds actually used seemS-qU:àe realistic in our view. 

There is evidence in support of this from observations abroad under natural 

conditions and in experimental ponds. 

Dwarf males appear first in the spawning grounds before the adult 

' fish arrive. They are essentially in the same place where they have passed 

the summer; immature parr have already departed to overwinter before spawning 

begins. 

Although large males comprise only '1/3 of the stock, and sometimes 	/81/ 

even less (falling to  15% in the autumn run in'the Pyarma), there is no lack 

of males owing to the abundance of dwarf substitutes. Some of the females 

.undoubtedly spawn with dwarf males, the more so because a single female is 
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sometimes accompanied by several lare males (up to nine, according to the 

observations of Young (cited by Emitt, 195)). 	It is not very prob.eble that 

a large male could spawn successively with several females as is usual in 

.other species of .fishes, since all the known observations show that males 

exhibit an attachment both to a redd and to a female. 

When several large males apnroach a single female a contest takes 

place between the males in which the largest is the winner. K. F. Kessler 

(1864): "...several males almost invariably accompany the female...they 

frequently begin to fightsavagely amona.,stthemselves." Similar observations 

are cited by V. B. Sabunaev (1956) and V. K. Soldatov (cited from Novikov, 

1953). We have 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 

around a redd (they take up position below the redd). On occasion large males 

are to be seen with wounds along both sides of the body around the dorsal 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 

jaws. 

While the large males are settling things amongst themselves, the 

.female may spawn 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 êxperimental observations (Jones and King , 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 a large male trout, as is indicated by the 

observations of Young, 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 

returned to the redd with a larce male trout" (re-translated from the author's . 

translation  iito Russian, retaininE the author's emphasis). 	Furthermore: 

"Most of the  small trout usually remain at a respectful distance below the redd 

• 

and seek out eggs carried down by the current, but from time to time a dwarf 

male will seize the op'eortunity to te2Le p=t in spawning while the partner of 

the female salMon fights with a rival." 

We have not succeeded in observing the actual act of spawning. 

According to observations in the Lower Lizhma  and. the Vama, females forsake the 

spawning grounds immediately after spawning and only males remain around the 

redds. We have seen them in the Lizhma in the same places around their redds 

(there was a single large redd near each male) for two weeks after spawning, 

after which observations were disçontinued. Menzies (1931) also states that in 

practice only males may be caught in the rivers after spawning. • 

After spawning the males are relatively immobile and react weakly to 

danger, in contrast to their behaviour at other times. It is difficult . to  say 

what precisely is responsible for such a state and for post-spawning mortality. 

It may possibly be that the modification of metabOlism associated with spawning 

proves to be irreversible in older fish. Emaciation in the Usual sense cannot 

'be the cause of their death, since the condition and fat content are higher. in 

males than in females after spawning. Dead males driven into the bank and 

frozen into the ice have been found in many spawning 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 spawning 

. and move actiVely away from the spawning grounds. Many of those.who  have  fished 

for salmon in the post-spawning condition -  with harpoons state that it is very 

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. 
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• 
M. I. Vladimirskaya cites an  instance in  which the stomach of a female caught 

before the end . of spawning contained a half-digested dwarf male. nay it not 

be that some females behave like the pike in consuming their less elusive 

Partners ? 	 • 

The spawned fish may migrate downstream into the lake Soon after 

spawning, in the same aùtumn, in small- rivers and from the lower spawning 

grounds of large rivers. However, the downstream migration from the upper 

spawning 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 apparently perish in downstream migration 

from the upper spawning grounds than from the lower ones. 	• 

To judge by the rate of exploitation and the fairly high -oercentage 

of the carry-over, mortality among spawned fish migrating downstream is on the 

whole slight. This is the opinion of V. B. Sabunaev in relation to the Vuoksa 

:.salmon (Lake Ladoga). 

- Females and males with two, three and even four spawning marks, i.e. 

_the latter had come for the fifth spawning, have been feund in the stocks of 

d.ifferent rivers in .the basin of Lake Onega.- The weight of such old fish does 

not usually exceed 10 kg. However, according to the testimony of several 

:-yindividuals, a spawned salmon weighing 17 kg was harpooned in the Lizhma in 1958. 

' 	this is so, it should have weighed at least 20 kg before opawning since, as 

determined by Z. E. Tilik (1932), the loss of weight'in males by the beginning 

of spawning 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 - 

: -- after spawning; it had two spawning marks and weighed 13 kg and its body length 

• - 

 

as  defined by Smitt was ac 105 cm. Fish with four spawning marks weighed between 
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7 and 11 kg. 

VII. The  Structure  of  Spawning Stocks and Its.Annual  Variations.  

The treatment of this question is based on materials for the stocks 

of the .Shuya, the Vodla.and the-Pyarma, which have been •studied in the 

 greatest detail owing to their commercial importance. Materials on the Still-

remaining, but small stocks of other rivers are so insignificant as to be 

. essentially incapable of providing any characterization; the same applies to 

• materials on the now non-existent Suna salmon. 

The first thing which may be noted in the comrarison of salmon of 

different stocks and of the same stock, but for different years, is the differ-

encein size, which is best reflected in the mean weight of a fish in a stock 

-(table 8). The *salmon of the Pyarma 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 

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 oe the recruitment and the carry-over may be 

very considerable. The carry-over in the Shuya between 1959 and 1965 was ' 

-successively 16.0, 19.0, 20.0, 10.7, 5.6, 31.0, and 17.0 %. .In the Pyalima 

between 1963 and 1965 the carry-over was 35.0, 37.0, and 17 %; in the Vodla 

between 1963 and 1965 it wqs 30.0,50.0 and 35.0 %, but the possibility is not • 

excluded in this case that the proportion of the Carry-over has been overstated 

as  .a result of ePitheliomatous erosion which was taken for a spawning mark. 

This is scarcely possible in the stock of -Ù:e Shuya, since such damage is hardly 
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ever found on the scales of the Shuya salmon. 

/ 1' a .1 u a.  8 
7 cpeAHHil  BIC  o(mln  B T111ax imuumx apT, Er 

_ 
I 1931__ a Pean 	'ma ri.. 	1948 r. 	19;1 r. 	1 1 5, 1 r. 	1951 r. 	1959 r. 	1990 r. 	1991 r. 	- 1962 r. 	1963 r. 	1964 r. 	1965 r. 

. 

.illya 	. 	. 5.4 (6 13) 6,4 (;-,>,. 	6.7  ( R)9) 	6 . 8 (s8) 	6 . 9 (626) 	6.5(6(6) 	6..4 (115) 	5. .9 (250) 	13.3 (250) 	6.3(500) 	6.0(550) 	5.8 (350) 
Bowla 	— 	—. 	— 	— 	— 	— 	-- 	— , 	— 	7.0(79) 	5.9(111) 	5.9(92)  
Ilrinhsia 	— 	. 	— 	— 	— 	— 	— 	— 	— 	— 	4.7 (233) 	4.7(270) 	5.0(136)  

7 	II pameman1 c. ,1.1annme an 1931-1933 rr. M. E. 360BoBeNoit (1935), aa 10 	951 rr. 3. B. 111)03°pol:1e (1951 a Ita ŒrgeTa Hpommcao- 
Bue napria.• .», 1'52); 	Elye aa 1991-1995 ri'.. — licnonbaonamwm maTepaaaot IZape.uphirom;u1 (o•r -qtyra Onenzcnoro axmonormecaoro 
uyinaa); no Bowie a filuibmc aa 1931-1962 rr. -Raniuzx lam 1.11I43pie B cizoi5fiax - -uncrio nccaegoBaumax pie). 	 • 

Key to Table 8: 	1. Table 8 2. Mean weight of a fish in stocks of different 

years, kg 3. River 4. Shuya 5. Vodla 6. Pyarma 7. Note. Data for 

1931--1933 taken from M. B. Zborovskaya . (1935), data for 1948-1951 taken from 

Z. V. Prozorova (1951) and from the report "Fiàhenies Naps. 	952); materials  

of Karelrybvod used for the Shuyà in 1964-1965 (reports of the Onega 

Ichthyological Station); no data for the Vodla dnd the Pyarma for 1931-1962. 

• The figures in brackets denote the number of fish•examined. 

• . Fluctuations in the proportion of the carry-over are due primarily to 	/85/ 

alterations 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 less when the downstream migration . is  short. 

The proportion of the carry-over provides a good indication of 

alteration in the fishing rate in the case of a number of year-classes of 

approximately the same abundance. When there are sharp fluctuations of 

abundance the use of this index may lead to.incorrect conclusions. Thus, when 

Ci * 

• 
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3 — 4 
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quno 
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lione6a- 
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13CC,  13' 

80 
12 

28 
7 

1964 r. 

Flouomiénue 	1 12 
OCTOTOR 	— 7 

1965 r. 

lionometuto 	6 12 
JO Ocrarcni 	1 	4 

10 2 
13 8 

11 	3 
76  

55 4.0-7.4 	5.57 
49 4.1-11.0 	6.65 

60 3.3*-7.8 5.43 
32 	4.0-9.4 I 6.71 

• 

* Esoamomia neatiagurezmnan upirmect unry:rhuoro. 

Key'to Table 9: 	1. Table 9 2. Weight composition of recruitment and carry- 

bver in the Vodla in 1964 and in 1965 - 3. Weight, kg 4. Number of fish 	- 

5. Weight range, kg 6. Mean weight, kg 7. Uecruitment 8. Carry-over 
*• 

9. Reorutment 	10. Carry-over 11. A small admixture of feeding salmon is 

possible. 

the rate of exploitation is the same the proportibn'bf the carry-over will be 

overstated when a strong year-class is followed a year later by a weak year-

class and it will be understated in the opposite case. It will therefore be 

more correct to determine the abundance of the carry-over in each case and to 

relate it to the abundance of the catch in the year of the previous spawning  rune 

This was done in estimation of the abundance of-the Shuya stock. 

The ratio of the sexes in salmon entering a river is characterized . 

by invariable predominance of females in'all stocks. It was 75 % in the Vodla 

in all three years of the observations (1963--1966). It was 72 % in the 

Pyal'ma in 1963 and 1965 and 66%  in 1964.. The fullest information on annual 
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T a 6 ,n n n a 1.0 
Paamepw ea3M013 H CAMORillyn , pennTon (no maTepnanam 1961 r.) 

---- 	- 	------- 
3 	33 oapaer 	

. 	.i,.̀  (pequbxe Ualimiuc 	xnulaatt 
m o3epnme 	lioa 	'Inca° /11,15 	' 	CM' 	' 	. 	ebl 	 Bec, ley 

mu) 

	_ 	 

6 • 	f 	99 	9 	• 	74.7- 	70.0 	4.93 
i 	dd 	1 	74.5 	 69.5 	 4.80 

7 	5 	99 	48 	78.3 	. 	73.5 	5.40 
dd 	11 	81.0 	79.0 	6.16 

•8 	. 	{ 	99 	 81.4 	76.2 	5.95 
82.5 

	- 
d'd 	

63 
25 • 	87.7 	. 	 6.87 

24 	83.1. 	77.5 	6.20 
1 	d -c' 	10 	92.0 	85.25 	7.70 

10 	5 	81.7 	76.0 - 	5.74 
1 	dd 	• 2 	 89.0 	83.25 	7.10 

11 	 .d.,:3' 	.) - 	87.25 	81.25 	5.70 

Key to Tablo 10: - 1. Table 10 •2. Size of males and females in the Shuya, 

recruits (according to 1961 materials) 	3. Age (years in the river and in 

the lake) 	4. Sex 5. Number of fish 6. Length ac, cm 7. Length ad, cm 

8. Weight, 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 .  

ihdicative. 

On the whole the weight composition of recruits duplicates what is 

characteristic for the whole stock: the salmon of the Pyarma . is always 

smaller than that of the Vodla and the ShUya (e.g. )+.59, 6.55 and 6.24 kg . 	/86/ 

respectively in .1963 -- table 12). 

• 

• 

, ',".',..•7'="1..1',"*.T.Z I ell?eel,,,,,,,:tr..,,,re ,s.e:CeineM.,M;,4",«TaZtintiri.ae.,4,,,,....ei,2•,reee.nr.: 
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T 	a 11 it, a 11 

11uanuoii eneran eTaga .  Illy] , 

. 	Ittla 3 	ni31 - 1933 rr. 	1159 r„ 	 1960 r. 	1 M1 r. 

_ 	_ 	 • 

ic24/ 

, • 75 -3.6 
(...;a11alit  	25  (146) 

61 
:1!i(',)97) 

61+2.3 
3 .(441) 

74+ 3.1 
26 (200) 

Ta  6 .anna 11 (np-odo.sekenue) 

Bon 	..3 	1962 r. 	1963 r. 	1964 r. 	1965 r. 	Cpegitee g 

' 

Galan'  	80±2.5 	79+3.0 	75+1.9 	63+4.3 	70.4+1.0 
CaNtim  	20 -(252) 	30 236) 	25 --(-500) 	37 (123) 	29.6 

7 11 pamegaltu e. 	 raet Itax - game itccae:conautiux p1 16. 

Key to Table 11: 1. Table 11 	2. Sexual composition of the Shuya stock, % 

3. Sex .4. Females 5. Males 	6. Table 11 (continuation) 	7. Note. The 	/85/ 

figures in brackets denote the number of fish examined. 8. Mean. 

/ .1 .  a 5 JI li it a 12 

2.  Beeonoii coeTan penpyron nlylf 3011>1 11 Ilnarcam n 1963 r. 

Bec, ar 	46- 	 3- 	‘• 	Cpezi- 7 	  ti 3 	• 	 ncao 	I'Pne6a- 

	

pm).- 	MIR "wee, 	
unit 

	

Pew' 	 Bee, 

	 ' 	 .  

Ellyn 	- 	. 2 	36 	74 	61 	40 	17 	2 	935 	3.6-9.3 	6.24 
13o,vta 	- 	 - 	 6 	13 	16 	8 	4 	3 	50 	4.65.-9.6 	6.55 
llnahNta 	3 	36 	66 	39 	6 	- 	-- 	150 	2.7-7.0 	4.59 

i 	
- 	• 

q 
JO 

Key to 'liable 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.  

• Vodla 10. Pyal'ma. 
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• • 
The salmon of all other stocks, for example of the Nemina, the 	 A.:0/ 

Lizhma and the L'uns (in the past), are also smaller 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 most remote in 

the Vodla and the Shuya and are moreover at'a considerable elevation. Because 

the way to theM requirs greater expenditure of energy than in the other 

rivers, the fish here should be stronger and larger, i.e. the remoteness of the 

spawning grounds evidently determined the trend of selection. Moreover, 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. 

8o3pern 	5 	5 	7 	! 	8 	f ,9 	10 	11 	12 	,1,1--- 7.85 
„lesurermyil .  0.03 	3.9 - 33.2  1 41.0 1-17.7 	3.7 	0.5 	0.03 	.100  
”Cnoxerpftl."  0.03 	3.7 	35.  2140.  7 	16.5 	3.4 	0.5 	0.03 	100  
3x3emniepog  1 	1 	113 	461 [1189 	512 	106 	14 	1 	' 2897 

i  

Fie. 16. The course of maturation of the Shuya salmon expressed as 

percentages of the occurrence of age groups of recruits (mean long-term data). 

Numbered on figure: 	1. Age 2. "Weighted" 3. "Composite" 	4. Number of 

fish. 

The average course of maturation may be represented in terms of the 

percentage proportion of the different age groups among the recruits obtained 

on the basis of long-term data. This :?vens out variations due to differences 

. 

(2) 
(1) 
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in the abundance of different year-classes and in the growth rate in different 

- years. Thanks. to the work of M. B. Zborovskaya and Z. V. Prozorova we now 

have material of this type for the Shuya stock fbr 14 years. 

The average course of maturation was calculated from the age 

compoSition of recruits in the Shuya (table 13) as percentages of the 

Occurrence of different age groups. It is noteworthy that both the mean 

"weighted"  and the  mean "composite" frequency of occurrence 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 material exists for the stocks of the Vodla and the 'Pyarma, 

the sequence of observations is very short (tables 14 and 15). 

It  is evident from the information given here that the age composition 

of fish maturing for the first time 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 the Shuya. • 

. It is fairly difficult to compare the rate of maturation from the 	/88/ 

percentage proportions of the age groups. 	It is far more convenient to use . 

mean age characteristics for this purpose. In this case the alteration in the 

age composition of the recruits becomes very obvious (fig. 17). 	• 

It is possible that the cause of the difference in the age of 

recruits of different stocks and of the same stock but in different years will 

be successfully established from the age structure, i.e, by comparing the 

duration of the river and lake period, which together characterize the living 

conditions of the salmon in the river and in the lake. Taken in conjunction 

with the mean weight of a recruit, these characteristics reflect primarily the 

- availability of food and possibly other environmental factors, i.e..this 

/89/ 
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approach enables the characteristics of individual year-classes to be 

. related to the general ecological background. . 

Fluctuations in the mean length of'the river period (tab1es16--18) 

are slip:I-It by comparison with the fluctuations in the mean age of recruits. 

This.stu:gests that . the fluctuations in age are due mainly to feeding 

conditions in the lake. We arrive at the somewhat unexpected conclusion that 

thé conditions determining the growth of the salmon in the river are typified 

•by greater 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. 

The duration of the lake period Of recruits in the stocks in 1963 

is given in table 19. All the . mean characteristics given above for changes in 

the course of maturation and in the age structure in salmon of the different 

stocks are given in table 20, which is a composite table, and in a graph 

(fig. 18). - The lake period of the Pyarma 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 Pyarma , 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). 
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; 	 4.- 	Briapacr (pe‘tHue i 	oneptime riztatd) ' 	 S- 
rob1 	 Tistc.to 	C:pe.zututt 	 -_ 

naibloae.unit 	 put-) 	Boapac -r 
- 5 	 q 	. 	9 	1H 	11 	12 

- 	' - -- 	-- 	
. 

1931-1933 	- 	0 (6.2 .; 	05 (45.2) 	24 (16..7) 	-12 (8.3) 	- 	--144797  

1948 	 . 1 (1.3) 	21 (33.2; 	17 (30.9) 	14(25.5) 	1(1.8) 	1(1.8) 	- 	55 • 	7.93 

1949 	- 	1 (0.b; 	01 (57, ) ; 	07 (41.0) 	30 (18.7) 	1(0.0) 	1 (0.6) 	- 	161 	7.83 

1950 	 2 (2.1) 	32 (3:3.2; 	46 (18.0) 	10 (10.4) 	6 (6.3) 	 - 	90 	7.85 

1951 	-- 	36 (9.7) 	141 (37.8) 	131 (36.0) 	58 (15.4) 	4 (1.1) 	- 	- 	373. 	7.61 

1059 	- 	2 (0. ) I 	52 (10.3) 	258 (51.3) 	151 (30.0) 	35 (7.0) 	5 (1.0) 	- 	503 	8.36 

1960 	1(0.3) 	2 (1;.6; 	02 (17.4) 	143 (40.0) 	. 	114 (32.0) 	30 (8.4) 	4 (1.0) 	1(0.3) 	. 	357 	8.34 

1061 	- 	10 (5.0) 	59 (29.5) 	88 (44.0) 	34 (17.0) 	7 (3.5) 	2 (1.0) 	- 	200 	7.38 

1062 	- 	14 (6-2; 	104 (46.2) 	89 (39.6) 	15 (6.7) 	3 (1.3) 	- 	- 	225 	7.51 

1963 	- 	11 (5.9) 	144 (61.0) 	63 (26.7) 	14 (5.9) 	1(0.5) 	- 	- 	236 	7.34 

1964 	- 	20 (04 	170 (50.0) 	124 (36.5) 	20 (6.0) 	4 (1.2) 	1(0.3) 	- 	339 	• 	7.47 

, 	1965 	- 	2 (1 50 	s1 (:18.0) 	95 (40.0) 	28 (14.0) 	2 (1.2) 	- 	- 	208 	7.75 

1 Bceto: 	1 	113 	961 	1189 	1 	512 	11706 	14 	 2897 	7.85 

Ii p  ii 1■4 e 	H 	 t; 	r.  -  M.  r,3nau  M. B. 3i5opoucuoii, :ta  t08 191 rr. - 3. B. Irpouopouoit. Pactipean-leitite 
no  /,,,,:ionbim Eaaecam : j a 	a  n Itts,1ri.  11 1 4111e:ten° no nponenTnowe cocrauy. IjinJipi.i  11 cuoiniax - gneau put"; onpe3eael1Horo Hoapaera, um- 
pa:Heinioe u ttpoi(euTax OT uniaten; 	nee:senonaimbix aa namtuil ro.rt. (Hull rop.u) pu6. 

Key to Table 13: 	1. Table 13 2. Age composition of recruits in the Shuya 

(number of fish) 3. Years of observations 4. Age (years ih the river and 

''in the lake) 	5. Number of fish 6. Mean.age 	7. Total 8. Note. Materials 

of M. B. Zborovskaya for 1931-71933 and of 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. 

• 
1Y•e=',"--r;',-F:4,;%:;n■u 
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5 	6 	7 	8 	9 	10 	11 

1963 	-- 	-- 	24 	28 	. 	28 	18 	2 	- 50 	8.46 
1964 	' 	-- 	2 	16 	50 	30 	2 	-- 	50 	8.14 
1965 	1.5 	7 	26.5 	36.5 	21.5 	7 	-- 	60 	7.90 

Key to Table 14; 	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. 

,----------___ 	 
3 	 44 BoapacT filetnimell 0301)1[1.1C Ton° 	.5- 	6 

roA  	%car, 	CpeRunii 
Ba5aloacanft 	 pm6 	1103paC? 

5 	6 	7 	8 	 9 

1963 	-- 	9 	52 	36 	3 	151 	7.33 
1964 	___ 	4.5 	45.0 	39.0 	, 11.5 	• 	159 	7.57 
1965 	 2 	50.0 	42.5 	5.5 	54 	7.52 

Key to Table 15: 	1. Table 15 2. Age composition of recruits in the Pyarma 

(%) 	3. Year of observations 4 •  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 

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 

/90/ 
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• / Ta6nnga 16 
2 Coomomeinic p1l6 c paaawrnoii izauTcahrtocTuo perworo nepnoAa 

ere;le 'Dye (%) 

3 
Baciluwicullfi 

4.4  Penucil nepuoz, r , ala e: 

41m:10 1iu6 	TAM :ICT 
2 3 

2.51 
2.42 
2,38 
2.33 
2.32 
2.28 
2.16 
2.26 
2.29 

55 
161 
600 
443 
250 
259 

 236 
336 

75 

43.6 
39.9 
34.5 
30.8 
32.5 
27.0 
15.1 
24.4 
26.7 

52.8 
59.0 
64,0 
68.2 
67.5 
72.6 
84.5 
75.0 
72.0 

Key to Table 16: 	I. Table 16 2. Proportions (%) of fish with river periods . 

of different duration in the Shuya stock 3. Year of observations 4 •  River 

period, years 5. Mumber of fish 6. Mean age. 

9 

[ 	real 	11.931-e331  1948 	19:19 11950 11951 11959 119501 .19511 1962 Ise 1959 1965 	1.931->9861  

1 	8opacm 	1 737 	17 93 	783 1 7 65 1 7.61 1 8.351839  1788 	7.51 ' 7.34 	7.97 	7.75 	7.85 

13K3rmangpo8l 144 	55 	151 1 96' 	3 73 1503 ,357 f-2'012 	225 235 	339 	208  I 	2997 

Fig. 17. , Mean age of recruits in the Shuya over a number of years. 

Numbered on figure: 	1. Years 2. Age 3. Number of fish. 

• - 

• 

(3) 
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2 
2 

1963 
1964 
1965 

70 

75 

9S 
96 

50 
50 
60 

2.3 9 
 2.30 

2.25 

Key to Table 17: 1. Table 17 2. Proportions (%) of fish with river periods 

of different duration in the Vodla stock 3.Year of observations 4. River 

period, years 5. Number of fish 6. Mean age. 

., 

- • • - - 
. 	, 

-e 	 (e-). Ta6augn 18 
Cooraouseaue pad) è paaantiaoli AntITCUMIOCTI:d0 peuaoro nepao,na 

8 ern,ne rbtahmu (%) 	 . 

*Key to Table 18: 	1. Table 18 2. Proportions (%) of fish with river periods 

of different duration in the Pyal'ma stock 3. Year of observations . 4. 

River period, years 5. Number of fish 6. Mean age. 

areas of the lake. 

Data on fecundity exist only for the Shuya and Pyarma , salmon. 

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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PeHa 
3 	4 6 

236 

151 

5.18 
6.14 
5.00 

Boxia 
®11a;mma 

70 	.).) ...... 	1 
24 	34 	32 
77 	11 	0.3 

Key to Tqble 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 Pyarma in 1963 3. River 4. Lake period, years 

5. Humber of fish 6. Mean age 7. Shuya  8  Vodla 9. Pyarma. 

mean fecundity of 12 630 and a range of from 3447 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 

mean fecundity of the Pyal'ma salmon is 5300 eggs and the range from 2196 to 

9186. According to our materials for the autumn run of the salmon in 'f964, 

the mean fecundity of the Pyalima salmon was 8155 eggs with a range of from 

5355 to 9900 eggs and the mean weight of the females examined wqs 5.14 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 

s is due to the larger proportion of the carry-over in the autumn run. In the 

reference work "Lakes of Karelia" it is not stated from which run of the salmon 

samples were taken for the measurement of fecundity, but.it must be thought 

that it was the spring run. 

• 
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7.97 . 	7.93 	7.83 	7.85 	7.61 	8.36 	8.34 	7.88 	7.51 	7.34 	7.47 	7.75 
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Key to - Table 20: 	1. Table 20 2. Alterations in the age structure of 

recruits in the Shuya, the Vodia and the Pyarma l  in years 3. River 4. 

Age 5. Shuya 6. Total 7. River 8. Lake 9. Vodla 10. Pyarma. 

VIII . Growth  of the Salmon in the Lake. 

• 

M. B. Zborovskaya and Z. V. Prozorova studied the growth of the • 

salmon by back calculation. 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 a salmon 
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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 yaxis 

(7--9, total age; 5--6, lake period; 2--3, river period). 

had lived in the river; the smaller was its ultimate size, although the 

downstream migrants were larger. Thus, the body length as defined by Smitt 

(ac) of ‘eight-year-old fish was 86.8 cm when 2 years had been spent in the • 

river and 82.3 cm when 3 years had been spent  in the river; the corresponding 

lengthsfor nine-year-old fish were 90.5 and 86.5 cm (table 21 ). The reason 

here.is that fish which migrate downstream at 2 years have an advantage of 

one feeding season. 

If, however, we take fish with a different river age but the same• 

"duration of the.feeding period, no tendency toward faster growth is found in 
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fish with a river age of 3 years by comparison with fish with a river  ace  of 

2 years despite the greater size of the downstream migrants (figs. 19--21). 

The same feature is observed in the group with a river age of 4 years. Growth 

in the feeding period is therefore not denendent on the initial size, although' 

survival rate is dependent on it,. 	The ultimate-size is slightly greater in 

fish with a lake age of 6 and 7  years than in fish with a lake age of 5 years, 

although the latter grow slightly faster. This is apparent,from table 22 and 

fig. 22, in which average data are 'given for the river period and for a feeding 

period of equal duration-for the groups 2+5 and 5+5, 2+6 . and 3+6, 2+7 and 

• 3+7. Males grow noticeably faster than females (table 23). 

This feature was taken 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 3+5, 6, 7). 

The  practical conclusion which stems  • rom the.distinctive features 

Of growth is not an original one: 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 

1 year. 

Data on length increase alone are not sufficient for the assessment 

of weight increase, which is intensified in the second half of the feeding 

period, in contrast to length increase. The mistaken view  of a number  of 

 authors that weight increase is sharply reduced with age is based on a failure 

to allow for differences in the nature of growth in weight and length. 

If the alteration in the relationship. 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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4 
5 

7 
8 
9 

4 
5 
6 

4 
5 
6 

13.4 34.6 
13.7 33.7 
14.0 29.8 
16.7 30.4 
16.7i31.0 
15.3 98.5 

2 

13.4! 35.3 55.0 •65.3 
17.437.1 48,3 61.3 
17.1:36. 9  47.5 58.3 
15.135.6 45.5 54.s 
12.6 16.435.8 51.5 
13.0 16.337.4 49. 0 

 13.6 18,437.4 47.5 

42.3 01.0 82.5 -- 	-- 
46.0 60.2 72.s  
42.5 54.0 65.9 77.5 86.8 
40.3 53.0 62.3 74.5 82:5 
38.0 48.7 58.5 67.0 78.0 
38.5 49.0 56.5..63.0 71.0 

9 10 Ii 

thœno 
pbIIi  

Key to Table 21: 1. Table 21 	2. Growth rate (length ac, cm) of the Shuya 

salmon (back calculated) from materials for 1959 3. Number of years 4. 

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 was compiled solely for feeding salmon which had no spawning 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 represent-

ed apnroximately as follows, with heavy averaging (data for the entire 
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Fig. 19. Growth of the ace groups 	Fig. 20. Growth of the age groups 

2+5 and 5+5. Age in years along x-axis; 2+6 and 3+6. Key as in fig. 19. 

body length as defined by Smitt (ac), cm 

• along y-axis. 

pocT (;kalina (1e, cm) aocoen o pone 11 11 oaepo 
(i o ofipaTuomy )acnocaelinio., 156 31■3, 1959 r.) 

3 Pegnor! uepuoz 	4L. 	
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33.0 	45.0 56.1 

	

33.0 	42.9 53.9 

78.6 	81.7 68.0 89.5 33.8 .57.0 45M 

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. 	• 

Tc..7,7emmmmfflYmm;..mmemi-J.e ,,- -7- 



Key as in fig. 19. ing period of 5, 6 and 7 years. 

Key as in fig. 19. 

- 141 - 

/95/ 

Fig. 21. 	Growth of the'age groups 2-1-7 and 54-7. Fig. 22. 	Growth with a feed- 

population). 

0+ I 11- 	2+ 	3+ 	4+ I 5+ I 6+ 

0.4 	I 	1.0 	2.0 	3 • 5 	5.5  

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 total.increase in length and in weight follows a practically parallel course 

until the very end of the feeding period, after which loss of weight commences 

• in connexion with the spawning migration. Conversely, growth rates (increments 

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 pnaltered, but there is rapid increase 9f weight 

at this time. Both rates decline after the fifth season, apparently in 

/97/ 
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Ta6anna 23 

2. Term OCTpa (aanna av, n cm) Ca5MOB n (mum; inyiienoro nococn 
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pea    qnwp 
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"umts 	1 	2 	3 	 6 	7 	S 	9 /MX 	S..  ..._   	
• ' 

	

5 	.f 	dd 	7.4 	13.8 	35.2 	40.5 	63.0 	76.0 	'86.0 	- 	- 	13 

	

1 9.9 	6.3 	13.7 	32.2 	45.5 	57.5 	69.5 	79.5 	-- 	- 	13. 
• 

	

6 	1 	dcs 	6.2 	14.0 	30.5 	44.0 	513.0 	69.5 	81.5 	90.0 	- 	13 

	

1 	?? 	6.4 	14.1 	29.0 	41.0 	52.0 	62.3 	74.0. 	83.5 	- 	13 

	

7 	f 	d'j 	7.0 	19.0 	32.2 	43.0 	57.0 	66.0 	80.0 	88.0 	94.0 	13 

	

.1 	y? 	5.8 	14.4 	28.6 	37.6 	49.0 	59.0 	69.0 	77.0 	87.0 	13 . 

	

5 	I. 	(3d 	5.6 	10.4 	17.7 	38.8 	51.0 	63.0 	74.0 	86.5 	- 	13 

	

1 	?? 	5.6 	10.2 	17.0 	35.4 	45 .5 	59.5 	69.0 	78.0 	- 	la 
3 

	

6 	f 	cie, 	6.5 	11.4 	17.4 	37.6 	51.0 	63.5 	77.0 	86.5 	91.5 	13 

	

1 	?9 	5.1 	11.3 	16.8 	34.8 	44.5 	53.0 	63..0 	73.5 	81.5 	13 .. 

Key tO 'Table 23,: 1. Table 23 2. G•owth rate (length ac, in cm) of male 

and female Shuya salmon (back calculated) from materials for 1959 3. Number 

• of years 4. In the river 5. In the lake 6. Sex  7.  Age, years 8. 

Number of fish. 

-tonnexion with the approach of maturation. 

The following approach was used for comparative estimation of the 

weight increase of individual stocks in the feeding period. Mean annual 

weight inprements were calculated from the mean weight of the-recruits and the 

mean duration of their feeding period. The weight of downstream migrants was 

not taken into consideration, 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 increment was approximately 20 % less 

than for the Shuya salmon (table 24). However, even the Pyal'ma salmon grows 
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Fig. 23. Relationship between weight . and body length (ac) in the feeding 

salmon of Lake Onega. Body length as defined by Smitt (ac), cm along 

x-axis; weight, kg along y-axis. 

Fig. 24. Relationship between length increase and weight increase of the 

salmon- in the feeding period.. 1 -- total length increase, cm; 41 -- 
e 

growth rate (increments), cm/yr; P -- total weight increase, kg; AP -- et 
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growth rate (weight increments), kg/yr. 	Age, yéars along x-axis; length, cm • . ana weight, kg along y-axis. 

T a 6.Truna 
CpeAmiii roAoBoli npuBee (I r/roA) aneeekt pa3MIX eTaA 

94 

.3 	PeEa 	 1948 r. 	1949 r. 	1913 r. 	1914 r. 	1965 r. 

6.37* 	6.70* 	6.24 	5,91 	5.92 
[Ilya 	. 	. 	. 	;-. 7-T.Te-....-_ 1.17 -57T-- -.1.24 	-à-. --i. 	.-.--,- 1.20 	7...---,T =. 1.13 	-67-47.3 = 1.08 

6.55 	5.57 	5.43 
Bomaa . . . 	- 	 .-- 	Fn..= 1.07 	t..7.-Fî  ..,-_-_ 0.96 	F.17 = 0.96 

4.59 	4.72 	5.01 
:In./1mm . . 	 - = 092 . 	- 0.92 	 

5.0 	6.13 --"'  

7 	* C ocza.ruom, li ganfi ero mana - 5.2 0/0  u 15.60/0 . 11 111Tc:1111- e:1e Apo6u - 
cpeffltil  nec  peEp..) -Ta, 	; . n  nramena.rene 	epe,uului upo;4onnufTe.ribuocT& 
uary.fibuoro nepno,la, roffid. 

Key to Table 24: 	1. Table 24 2. - Mean annual weight increase (kg/yr) of 

the Salmon of different stocks 3. River 4. Shuya 5. Vodla 6. Pyarma 
• 

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 period, 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 

suspicion in relation to the Pyal'ma salmon (see'below). 	In.the case of 

artificial salmon culture it must'be borne in mind that the Shuya stock is 

•economically more advantageous because of faster growth. 

Z.  V.  Prozorova (1951) noted significant differences in the rate of 

length increase when she compared her materials with those of M. B. Zborovskaya 

• (1935). She related these differences to an improvement in the food supply.of 

• 
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the salmon due to the - decline-in vendace and smelt fishini; during the war 

years. However, length incre:use is a very poor indication of the real 

situation. 	In such cases it is more convenient to use the mean weight 

increase of recruits over the feedins •i;eriod, wLich is an overall indication 

of living conditions, including the availability of food. 	If significant 

differences are found in the weisht increase in different years, the year of 

the feeding period in which the deviation of growth (from the long-term norm) 

occurred may be established by back calculation, i.e. this deviation may be 

related to the ecoloical background. 	. 

IX. 	 D-cri ,-tion  of the Salmon. 

An enthusiasm for biometric analysis without the use of other 

criteria has led to the establishment of a multitude of different taxa of rank 

below the s -oecies, includine subspecies and forms below subspecies 

("infrapodvidovye"), and this has led to considerable 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, 1856) or to uncertainty as to how to classify them (GUnther, 

- 1866). There is overlapping of almost all the characters of the salmon and 

the trout. Smitt (1895) wrote in this connexion: "The relationship between 

these forms (between S. salar and S. trutta) is the same as that between 
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different  ce  groups and between the sexes" (retranslated from the author's 

Russian trar.:;lation with brackets inserted by the author -- translator). 	Ali 

 these difficuities have been best set out by K. F. Kess1er - ( 1E64, p. 163) 

1 shall take the liberty of giving his'statement in full: 

"Fish belonging to this genus (SP.1M -- Yu. S.) are subject to very 

considerable variations in body constitution and in colour, variations which 

are related partly to their age and sex and partly to the properties of the 

waters which they inhabit; but, furthermore, immature fish which cannot be 

separately distineuished are frequently - 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 and misunderstandings 

and contradictions have frequent1y. arisen between zoologists in this respect; 

in particular, fish of different ages and of the sanie  species have often been 

classified as belonging to different species." 

V. V. Abramov (1953), who studied the development of the spawning 

colours in Pacific salmon, established that a1most l the morphological 

characters undergo modification in the post-spawning condition. The snout-

to-vent.length is, of course, relatively invariable and only the post-dorsal 

distqnce 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 evidently 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 
re 

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 capable of affecting the end result. Accuracy is reduced both 

in the measurèment of the smallest fish (the relative error is inoreased even 

when the absolute magnitude of the error is slight) and in measurement of the 

largest fish (owing to the readjustments  of the  calipers). 	The result will 

also be slightly different in measurement of the freshest fish (some 

"spreading" of the fish owing to the mobility of the tissues which yield under 

the calipers) and in the ueasurement 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 Comeared is usually very slight, these measurement errors .  may 

yield quite statistically "significant" differences if the requirement of 

uniformity has not been observed in collection of the  material. 

Great doubt attaches to the value of such a cheracter n.53 eye 

diameter (horizontal and vertical): firstly, the actual measurement of the 

eyeball - cannot be very precise; secondly, the probability of artefact is very 

great. The point is that salmon taken from the trap are killed by a blow on 

the head, as a result of which even if the eyes do not emerge completely from 

the sockets, the diameter of the eyeball is invariably increased. The 

orbital diameter would therefore be a far more reliable character since the 

bone may be measured with greater accuracy (the measurement 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 length of the backbone) can 

yield a true picture of the variation of proportions. Americans turned to 

this standard 30 years ago (Davidson and Shostrom, 1936), but it has regret-

tably not yet established itself with us, despite the recommendations of I. F. 

*Translator's note. Term taken from Fish. Res, Bd. Circular No. 65. Incorrect? 
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• 

Pravdin (1929; 1949), which have been  used by the American authors just cited. 

By some strange concatenation of cirdumstances the Salmon has 

avoided the lot of whitefishes. Moreover, until now there has still not been 

a detailed morphological description of its lake form, especially at the level' 

of populations and stocks. 	K. F. Kessler (1863) compares the colouration of . 

the Onega and Ladoga salmon. Mean values of some meristic and morphological 

characters are given for both sexes combined on the basis of M. B. Zborovskaya's 

materials in a paper by 1. 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 material for a morphological 

description of the stocks of the. Shuya, the Vodla and the Pyarma (more than 

300 fish). .Only mature migratory fish in stage III of maturity were taken for 

the -measurements. An approximately equal quantity of females and males was 

taken for the general description (of.both sexes), since there are already 

perceptible differences between them even in stage III of maturity, although it 
t) 

was still a long time before the appearance of spawning colours -- the 

, collections were made between  May and July. Because it is impossible to make 

full use of all the material 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 differèhce was discovered between the sexes in meristic 

characters. The apparent reduction of the snout-to-vent length in males 

(diff = 9) is due to the fact that males have a larger head.  This  is an 

:example of the way in which the accepted standard (ac) reflects actual relation- 

ships in an inverted form. It is for the same reason that no differences are 	/101, 

d.etected between the sexes in the length of the body minus the caudal fin 

. (ad), since the head is included in boleneths (ac and ad). The value 

25',Y.e.ri.mesreer..e.se,e,,,nne rfletrees.r.ea., ■,, 
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obtained for the length ad is in full agreement lai.th that established by 

• ' D. K. Khalturin (1965) for the salmon of the Pasha and the . Oyata (Lake 

Ladoga). 
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Key eo Table 25: 	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), cm 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 Smitti 15. Snout-to-vent length (od) 	16. Body length minus C 

(ad) 	17. Snout length 18. Horizontal diameter of eye 19. Postorbital 
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head length 20. Head length 21. Length of maiillary. 

It is at present impossible to make a. convincing comparison of the 

Shuya, Vodlà and Pyarma stocks by Morphological characters. 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 asdefined by Smitt. Reliable - comparisons may be made 

only when the snout-to-vent length has been 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 • 

perceptibly, as is also reflected in the use of the terms .  "trout" and "salmon" 

rivers. Should both fishes enter a single large "salmon" river, their 	 /102/. 

spaWning grounds do not coincide even here: the trout breed in the shallow 

tributaries of the main river, principallyin those_eich join the river not 

far from its mouth, since the trout (sea trout) in general makes shorter 

migrations than the salmon. The quantity of trout in large 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 rivers. 	In the Pyalima, 

for example, the relative abundance,of the trout is very high. Its main 

spawning grounds are situated in the upper reaches of the main river, to which 

the salmon does not go for some reason. 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 

water and thehe tributaries dry up, and when not only the spawning of the 

trout but the entry of the trout into them becomes impossible (ab happened, 

for example, in 1965 and 1964), the trout lays its eggs in the salmon spawning 

grounds in the main river «. The possibility is not excluded that hybrids will 

occur when this happens. How this may occur is discussed in the section  on 

spawning. 

It is not by accident that this question has  arisent  The point is 

that the Pyarma salmon 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 thnt hybrids 

have .not been found in the large rivers of the Baltic region (Dnugava, 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 Pyarma. 

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). 
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Charter  4 

SALMON FISHING, CATCHES AND THE 

STATE OF THE SALMON STOCKS' 

I. The His -tor-Lot.' the Deve_ltent of the Salmon Fishery -  and Catches. 

,Fish 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 

(catfish, in the opinion of LebedeV, 1960), sterlet, apparently sturgeon and some 

kind of salmonid. There are also drawings of fishing gear -- a harpoon and a 

3-pronged fish spear. A. M. Linevskii (1939), who intvreted these petroglyphs, 

also considers that there may be a hook and line, a basket trap and a trap fence. 

The first reference to fishing in the Mnevetskii rapid on the.Vodla 

River is to be found in the cadastre of Yurii Saburov (1496); (cited from 

Pushkàrev, 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 

pogoàt (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): 

All the fishing places were re-enumerated in 1563 and a tax was 

. imposed. This is evidently the first statement 6f which fish species were 

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 

(Lizhmozero), in an 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 Cholmozba (Nemina ?), the Pyal'ya (Pyalima ?), in the Sukhoi 

navolok (translator's note -- navolok is a dialect word for a shallow lake 

produced by the spring flood), in the Andoma, the Vytegra and the Megra. 

Fishing gear: fences ("stakes"), of which there were several-in the . Shuya 

("stakes" are also noted for the Kumsa,ChoImozha l  Pyarya, Nikema, Suna,- 

Vodla and Andoma Rivers; whitefish nets and harpoons, river and lake trap 

nets, "trains"
1and undoubtedly fish spears, although they are not mentioned. 

• 1 A "train" (Ipoezd) 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 were 

obtained. It is mentioned in the Tikhvin Customs Book that the goods brought 	/104/ 

to the fair by Andrei Chusov, a leading Olonets merchant, included "...two 

barrels.  of Shuya whitefishes, 17 fresh Onega salmon and 17 cured salmon..." 

(cited by Willer, 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. DerzhaviWcarried 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 

•
A "kerevoffluis 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 

Pyàl'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: ".,.before it was forbidden to erect trap fences, there was very 

successful fishing for salmon, whitefishes, bream, pike,.burbot, pike-perch 

end other fishes; large "puzzles" (drag nets) were  used for fishing and up to 

500 whitefishes and sometimes up to 30 poods of salmon (translator's note: 

pood = 36 lbs.) were taken in a . day, but now the catch is extremely small." 

It would appear from what•follows that the ban was imposed in 1785, 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 

11> 	
rivers were sealed off all across. The erection of trap fences all across 

logging rivers was prohibited for the same'reason in the 1870s (Pushkarev, 

1900a)0  We may therefore agree with N. Ya. Danilevskii (1875) that logging 

prevented overfishing at that period and thus helped to maintain salmon 

stocks. 

There is no information on fishing for the first half of the 19th 

century. 

K. F. Kessler (1868) noted a heavy reduction of salmon in the 

Povenchanka 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 Pyarma trap fence 

and 30 poods at the Nemina fence; up to 1862 trap fences were erected all 

across these rivers.. The salmon catch in the Vodla at this time was at least 

400 poods a year. Danilevskii noted the strong development of fishing with . 
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large drag nets known as "matki" in imitation of the Ladoga fishermen-. 

• In 1854 drag nets appeared in the Suna, where they replaced the trap fence ' 	/105/ 

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 fishery. 

Ta5anna 27 

Pernuipa-pyembie yaonEa aocoen  n  Oneweliom wepe na 1930-1965 rr., 
(no AalliIbràf Hape.rlphl6110,19. 11 Rilpeal,CROTO oTJ. roeIII1OPX) 

Li. 	V.710il 	 44- 	.Y.nou 
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1930 	27 9 	 1946 	280 	 1956 	160 	. 
1932 	947 	 1947 	272 	 1957 	189 
1933 	193 	197 	1948 	174 	233 	1958 	130 	174 
1934 	186 	. 	1949 	217 	 1959 	221 
1935 ' 	86 	 1950 	222 	 1960 	160 	. 

1936 	150 	 1951 	204 	1 	1961 	69 
1937 	182 	 1932 	184 	. 	1962 	71 
1938 	177 	-I 	226 	1953 	319 	229 	1963 	109 	95 
1939 	305i 	1954 	233 	 1904 	132 
1940 	321 	 . 	1955 	204 	 1965 	93 

11pune ,1311ii e. 	,S.Uaninee oi3 y:tealax 3a I'l33-1940 rr. 133FITIal 113 AnceepTateta. 
M. E. 3613poacieoit (19-:8). 

Key  to Table 26: 	1. Table 26 2. Salmon catches in Lake Onega according to 

data in the "Olonets Gubernia News" (taken from Zborovskaya, 19 )48, p. 140) 

3. Year 4. Catch 5. Over the year, in poods 6. Over the year, in 

centners 7. Mean annual catch in centners 8. Comment 9. 1876 -- 

"abundant catch of fish". 	10. 1879 - more sUccessful than in previous 

years". 

The first estimates of the salmbn catch for the entire lake appeared 

in the "Olonets Gubernia News"; we have data only for the period 1875--1890 

(table 26). The catch@s' recorded for this period are no different from the 
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catches in the period 1950-1960 (table 27), but what the actual catch wds is 

not.known. Because of difficulties in sale a considerable part of the catch 

was undoubtedly consumed in the localities. 

The establishment of regular communication with St. Petersburg by 

steamboat and the improvement of marketing led to extensive development of the 

salmon fishery. When the salmon fisherY was at its height in the 1890s 

salmon catches in Lake Onega reached 1000 centhers, as may be assessed from the 

data of N. N. Pushkarev (1900a). The figure given above should be increased 

because Pushkarev did not investigate such important salmon fisheries areas as 

-the Shuya, Suna, Lizhma and Andoma Rivers, Chorga and Unitskaya Bays and the 

region of Cape Besov Nos, but it should evidently not be increased to more than 

• 1500 centners. 

Salmonyere fished in the following ways at this period: 

. 1) fishing for migratory salmon - with large drag nets in the river 

mouths and with trap fences in the rivers; 

2) special types of net fishing 1
in pools occupied by the salmon on 

arrival; fishing with "trains" (small trap nets), trap nets and fixed gill 

nets in the rivers; 

1 - Kalezhen'e and brozhenie•are the local terms for fishing with special nets 
("kalega" and "brodiltnaya" net)- practised in small and medium-sized rivers. 

3) harpoon fishing for spawning and spawned fish; 

4) fishing for feeding salmon (largely immature fish) in the open 

lake using "garvy" (large-mesh nets for use in the upper horizons of the water) 

and "prodol'niki" 1 , mainly along the western shore of the lake around Brusno 

- Island. 

1 
Translator's note. No equivalent found; presumably a long thin. net . 
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6anna 26 

Ynonbi aocoen B OtIBBiCI ■031 wept',  no ;- annhim <tOzonenum ryikpnennx 
BeAolitoereii» (no 36oponenoii, 1948, rrp. 140) 

y.-.0. 	‘,.. 

i 	coolie- 	 Ilimme,-milue 	e 3 	ru 	z4a - ro2,1 	m ro, ' 
II .  Irmax 	i3 u. 	it n 7  

	

1875 	1025 	109 	1 	1876 	r. -- tyaon 	pta61,1 	o611nbindii». 

	

1876 	1190 	198 

	

1879 	1248 	206 	i 	139 1879 r. — «fioaeo ynaundii, gem •tiwc- 

	

1880 	1173 	184 	 nianynnte r0i1B1 31. 

	

1881 	1516 	250 	i 
. 	_ 

	

1882 	1209 	199 	223 	 ___ 

	

1883 	1335 	220 
• 

	

1889 	1082 	178 • 	• l 	172  

	

1890 	997 	165 	J. 	
_ 

Key to Table 27: 	1. Table 27 2. Salmon catches recorded in Lake Onega in 

the period 1930-1965, centners (100 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 period 1933--1940 were taken 

from the thesis of M. B. Zborovskaya (1948). 

Trap fences for the catching of salmon and other fishes were 

constructed in 1895 in the Shuya (at the village of Vizhnyaya), in the Suna 

(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. uConsiderable 

quantities" of salmon were caught in Cholmuga By and in the Nemina in the 

spring and autumn; including trout the catch amounted to 50 poods a year. 

Tish 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 



- 158 - 

been barked, the amount of which increased.every year. The principal salmon 

catch in the Pyal'ma was taken in the spring and the autumn. .The salmon run 

occurred immediately after the ice run, after May 9 (May 22 by the new calendar) 

and lasted until "Peter's Day" (July 12 by the new calendar). A catch of up 

to 440-550 fish was taken at this time with "kalega" nets .and a further 90 

fish in drag nets near the mouth. During the low-water period the salmon were 

"stalked" in.the pools and those which had escaped the "kalega" fishing were 

taken. From August until the late autumn fishing was carried Out with trap 

fences erected near the mouth. 	In the opinion . of Pushkarev (1900a), 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 River 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 (Polyakov,  1873),  and  they were used for catching fish m5grating 

both upstream and downstream, for example in the Padun rapid. 

Although fishing for feeding salmon iS highlydestructive, it was of 

the greatest economic importance in the 1890s. 	Pushkarev wrote: "..garvy 
- 

--7'fishing should be regarded as one of the most important types of fishing...". 

This type of fishing, which constituted the bulk of the salmon catches at this 

- period, yielded between 400 and 1000 centners, on average more than 500 

.centners ,(figure arrived at by conversion of the value of the. catches  given by 

Pushkarev). 

At the beginning of the present century there wqs a sharp reduction 

of catches which was noted by a number  of  investigators (Pushkarev, 1914a, 

1914b; Petrov, 1926; Tikhii, 1951a). 	N. N. Pushkarev (1914b) wrote that 

fishing with garvy nets had practically ceased along the western shore of Lake 

Onega and had been halved in other places. .Fishing had therefore ceased in 

what had once been the main fishing grounds. Pushkarev, like other authors, 
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does hot give precise figures for the catch thronghout 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. 

There is more or less reliable information for the period from 1930 

down to the present, with the exception of the war years of 1941-1945. The 

most significant  aspects of the salmon fishery during this period were: 

. • 1) the re-establishment of garvy fishing from 1932 in • the  area of 

Brusno Island; this fishing attained its greatest development in the post-war 

years and has been discontinued since 1958; 

2) the use of trap nets in place of drag nets since 1953; 

. 3) the institution of a number of conservation measures in the last 

decade. 

Let us dwell on this last point in greater detail. Commercial and 

amateur fishing, including fibhing with rod and line, has been prohibited in 

the riverssince 1956; this ban has been confirmed by the 1960 "Fishing 

Regulations". 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 taken with trap nets in the estuarine 

reaches 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 have been included in the 

gear of other fishing brigades operating around Solomennoye. Two types of 

trap nets are used commercially: two-pot deepwater nets ("giganty" 

"giants") and inShore single-pot nets ("Kuban River nets"). The number of 

both types of net continued to increase until 1960 (8 "siants" 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 Peskov 

were shifted 1--1.5 km to the east of thé 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 river mouth (Solomennoye Strait). 

Trap nets did not begin.to  be used in the Shala until 1961; in 1964 

and 1965  there were 4 of them (2 local brigades each had 2). Salmon continue 

to be caught about Pyarma with drag nets; the local brigade has still not 

received a trap net. • 

During the-years since Pushkarev's investigation 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 quinquennium catches have fallen to the 

lowest level over the whole time known to us (table 27 and fig. 25) and but for 

the ban on the taking of sexually immature salmon in the open lake, catches 

. would have been even lower. This situation is characteristic 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 Pyarma. The Shuya stock is the most numerous. It has yielded 

- .i 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). 
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Fig. 25. 	Salmon catches in Lake Onega between 1875 and 1965. 

Catches of the Shuya salmon have been divided into three groups on 

the basis of lonF-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 

"!catastrophic" (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 

subsequnt years. On thé contrary, there was a new declin to “catastrophic" 

leginning in 1967, which was a consequence of overfishing in 1959--1961 

accompanied by a deterioration in the conditions of reproduction. 

Salmon catches in the Pyarma River are summarized in table 29. 

The sharp reduction of catches in 1961 was due mainly to a reduction in the 

rate of exploitation owing to the banning of fishing in the river and in the 

lake within 1 kM from the mouth. However, there was heavy overfishing in 
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1932 
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1950 
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1933 
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1955 
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% 'Is a 6 Jul g a 28 

2 Ynoeui luyileHoro acleoert  13  lIerpomioemii ry6e, 

3  Ppytitia yaotton 
44. rtm, 	Y.-tou  a  ro:x 

Cpe:nittil y.-ton 	7  
llucao :ter Igo rpyittie 

Key to Table 28: 	1. Table 28 2. Catches of the Shuya salmon in Petrozavodsk 

Bay, centners 3. Group of catches 4. 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 effect on the state  of. thestock in 1967-- 

- -.1 970 . 

Since  the. end  of the last century the main salmon fishing in the 

Vodla has been conducted around the mouth of th è river, in the ShaIa district. 

According to the data of E. A. Veselov (1932), the catch was 992 kg in 1927, 
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1350 kg in 1928, 3179 kg in 1929 and 4491 kg in 1930. With these catches in 

mind, M. V. Logashev (1931) wrote: "Although the salmon catch has not been 

reduced in the last three years, it has declined by comparison with catches 

before the revolution." 

The catch in 1932 was either 52 centners (Zborovskaya, 1935) or 

70 centners (Zabolotskii, 1936). 	From 1948 through 1957 catches ranged 

between 10 and 40 centners and were on average 20 centners ("Lakes of Karelia", 	/110/ 

1959). The catches for the period 1955--1965 are set out in table 30. 

Ta da g a 21) 
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li 	 il 
1932 	94 	1948 	23 	II 	1954 	20 	li 	1958 	10 
1938 	18 	19.49 	11 	11 	1955 	17 	;,' 	1959 	34 
1939 	45 	1950 	29 	1956 	24 	II 	1960 	33 
1940 	34 	1951 	. 	25 	. 	1957 	14 	il 	1961 	5 1 h 
npuungaullei Jijamime aa 	 ne p ( n )e3CHTIIIIIBIIIZ. 

Key to Table 29: 	1. Table 29 2. Salmon catches in-the Pyal'ma River, 

centners (data of Karelrybvod) 	3. Year 4. Catch 5. Note. The data. for 

1962--1965 are not representative. 
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' 

e- Key to Table 30: 	1. Table 30 2. Salmon catches in the Shala district, 

centners 3. Locality 4. Around the mouth of:the Vodla 5. Around Cape 

Besov No 	6. No data. 
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• The salmon catch in the Shala is mainly dependent at the present 

. time on the catch of the smelt. 	The better are the runs of the smelt, the 

greater is the amount of attention and energy paid 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 June during the smelt run. Hewever, 

the mass run of the salmon into the Vodla is already ending at this time and 

later, from the second.half of June, it is only feeding salmon which are caught 

along the Shama shore and then in small Quantity. It may therefore be that 

the catches of recent years reflect not so much fluctuations 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 

organizational failings) and the fishermen had no time for the salmon. The 

increase in catches from 1961 is to be exTJained by the use of trap nets, which 

have a higher catching capacity than the drag nets previously used. Very 

small quantities of salmon 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 areas in 1963. One 

of the two trap nets near the mouth of the Vodla was destroyed by ice at the 

end of May in 1965 and this immediately had an effect on the catches.. 

To judge by the proportion of the carry-over in the Vodla salmon 

. stock, no more than 50 ô 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 Cholmuga Bay area 

was only . 1.3 centners (25--30 fish). 	It has been estimated by N. I. Kozhin 
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(1927a) that the Catch in the Suna in 1926 was 21-23 centners, and that the 

•salmon catch had been reduced•by one third by comparison with the 1870s. 

Thirty centners were caught in 1930 (Zborovskaya, 1935), but this was the last 

considerable càtch: no more than 4 centners were caUght in 1932, 4 centners 

in 1953, 2 centners in 1955 and 3 centners in 1956. Traps were set in the 

river mouth in the years 1958--1962 to catch salmon spawners: in no year were 

more than 20 fish caught and in 1962 only 4 salmon were taken, after which the 

• fish station on the Suna was closed. 

Like the Suna and the Nemina,•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 Onega (table 31). The migratory salmon of the three main rivers 

accounted for 75 % (51 centners) of the total catch of 69.45 centners; the 

migratory salmon (Vodla and Andoma) is caught mainly in May around Cape Besov 

Nos (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 (approximately 8 %). — 

The restrictions on commercial and amateur fishing introduced from 	. /112/ 

1956 were the first measures to maintain salmon stocks in  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. 

II. The Causes of Reduction in the Abundance of the Salmon 

in Lake Oneqa. 

Salmon stocks have been brought to their present state by the • following causes: 
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• Ta6anga 31 
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• Key to Table 31: 	1. Table 31 	2. Distribution of salmon catches in Lake 

Onega in. 1961, kg 3. Locality 4. Months 5. Catch for May—December 

6. In kg 7. As a percentage of the total catch 8. Shala 9. Besov Nos 

10. Petrozavodsk Bay 11. Pyarma 12. Around the Island of Brusno, 	13. 

Lelikovo 14, Tolvuiskoe Onego, Chelmuzhi 15. Suna 16. Unitskaya Bay 

17. Andoma area 18. Total. 

- . 1) alteration of the regime of the rivers and reduction of the 

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 

works; 

'2) pollution of the spawning rivers by logging waste; 

• 3) irrational commercial fishing; 

4) unchecked removals of spawners in the spawning grounds and what 

is loosely called "amateurnfishing for young salmon.  in the rivers. 

/1 12/ 
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Different combinations of these factors have had  the.  effect that 

some rivers have completely lost their role in the renroduction of the salmon. 

The resources* of spawning grounds have undergone considerable modifications 

since the last century; not only have the spawning and rearing areas been 

reduced, but there have been - changes in their quality, not l'or the better. 

Great harm has been done to salmon stocks by irrational fishing, 

.i.e. by fishing for immature feeding salmon in the open lake with garvy nets 

and long nets ("prodorniki"). 

K. M. Ber ( -IMO) worked out principles on which fishing for Caspian 

diadromous fishes should be based: catching should be concentrated in the 

rivers, sufficient stawners should be let throurh to maintain stable stocks 

and, finally, sturgeon and other valuable fish should not be caught in the 

open sea. He wrote: "I regard it as my duty to warn against extending • 	fishing too far out into the sea", by whch he meant that removals of 
immature diadromouà fishes should be limited. It is not only to the Caspian 

that these remarks of K. M. Ber apply. 

It would seem that the "collapse" of catches in Lake Onega after 

1900 should  have dictated a cautious approach to the re-establishmefflt of fish-

ing for small salmon. Instead, however, it was recommended .that fishing with 

. garvy nets should be intensified (Pokrovskii, 1947; Pravdin, 1954), and this 

was done. 

• 

According to the evidence of N. N. Pushkarev (1900a, 1914b), the 

average weight of the salmon in the years when the fishery flourished wqs only 

5--6 lbs., or 2--2.4 kg. This weight is an indication of the intensity of 

fishing for immature salmon, if it is borne in mind that the average weight of 

fishes maturing for the first time ranges in the different stocks from 4.5 to 

6.5 kg and is as a rule not less than 4 kg. This explains the sharp decline 	/113/ 
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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 Materials . of M. 1. Tikhii (1931a, the table on p. 11) for the 

area of Andoma Bay where 48 centners were caught in 1929 in long nets 

("prodorniki"). According to these materials, the catches comprised fish 

weighing between 0.55 and 0.85,1çg, 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 1850 fish comprising a catch of 48 centners were sexually mature, 

i.e. that the quantity of young in the catch was more than 5 times the quantity 

of adult fish. 

According to the data of P. E. Vasirkovskii (1927), who visited the 

area Of Cape Petropavlovsk, where salmon were cauet with "kerevody" (single-

winge.d 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 were caught. 

The average weight was 3.5 kg and fish weighing more than 5 kg accounted for 

only 8 % (Zborovskaya, 1935, table on p. 272), i.e. the quantity of young was 

more than 10 times the quantity.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, yoUng 

accounted for from 50 to 90 % of the catch. Salmon which were feeding in the 

lake for the first summer were also found in the catch. These fish, mhich 

• accounted for 13 % of the total catch, weighed between 200 and 500 g. The 

average weight in this year was 2.3 kg. 
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Such a low mean weight is an indication that all size-age - groups 	• 

are fished with practically equal intensity with this type of fishing. 

Although doubts may be expressed concerning this conclusion, it is supported 

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 

tlith 80-millimetre mesh were equally efficient in catching adult salmon and 

smolts 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 lake range from 0+ to 51- (lake age); 

fish of the oldest group enter the rivers in the spring  of. the  follOwing year. 

Study of the survival of the pink salmon after downstream migration 

to the sea has shown that 77 % of the downstream migrants perish in the first 

40 days and that 78 % of the remainder, or 18 % of the initial quantity of 

downstream migrants, uerish 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 is quite permissible to stipulate that'all salmon which survive 	/114/ 

to the end of the first feeding season may reach maturity, i.e. that the "age 

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 same. 

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 of feeding fish 

(excluding fish which have spawned and returned to feed). In the autumn of 

1958 the group 0+ 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 
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the stated figure of 16.7 %. 

The mean weight of a fish in .the  cat ch  is 3 kg only if all the age 

groups are equally exploited. The mean weight for different years which has 

already been given ranged from 2.0 to 3.5 kg. This indicates that immature 

fish accounted for . up to 80 % on average in the catch of feeding salmon, which 

is 4 times the number of fish maturing for the following year (the 5+ group and 

part of the 4+ group). 

The effect of this fishing may be approximately estimated by comparing 

catches in the area of Brusno Island and in Petrozavodsk Bay (table 32) and by 

using the mean weights to ,convert them to the number of fish caught: 

Ta6;iii ija  32 
;2. 	->.'1n01,1 „Roc( en, )( 

Cpul 
biecTo nona 	3 	1019 r. 1049 r. 1050 r. 1951 r. 1955 r. 1059 r. 1057 r. 1958 r.  

ynon 

... 

Part Oli o. Bpycno 	. 	. 	. 	7 1 	46 	85 	34 	38 	27 	48 	18 	40 
Herpoaano;unian ry6a 	. 	01 	75 	79 	86 	65 	84 	WO 	44 	75 

Key to Table 32: 	1. Table 32 2. Salmon catches, centners 3. Locality 

4. Mean catch 5. Area of Brusno Island 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). It should 

. be noted that the situation was in fact worse than in our calculations: the 

actual catch of feeding salmon was higher since the large number of undersized 
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fiSh and of fishwhich had perished in the nets and  begun to rot, which is 

1110 	- inevitable in such fishing, were not taken into store and were not recorded. - 

Fishing of this type has been carried on in the Tolvuiskoe Onego area and in 

other places; as well as around Brusno Island, but admittedly on a lesser 
• I 

scale. 	It is undoubtedly one of the reqsons for the decline in catches which 

began in 1956, i.e. a situation similar to-that at the beginning of the 

century. 	If this fishing had not been prohibited, there would evidently now 

be nothing to catch. 

	

Another adverse feature of the fishery, in this case in relation to 	/115/ 

the Shuya salmon, is overfishing of the spawning stock, which was particularly 

heavy in the years 1959-.4961 because rather too many trap nets were used, 

(Yu. A. Smirnov, 1964). 	In the following years the fishing rate was slightly 

lower: in 1962 because traps were broken by floating logs and towed rafts of 

timber, in 1964-1965 because 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 

4 excessive  use of trap nets because these might disrupt salmon and whitefish 

stocks, but this warning was not heeded. At the same time Pravdin himself 

• (1954) recommended that fishing with garvy nets should be intensified. 

In the opinion of V. I. Lastochkin (1959), theiSvir l  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 a result of overfishing 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 number used, from 9 in 1951 to 74 in 1955. The 

largest catch, 700.centners, was obtained in1952; thereafter catches began to 

decline rapidly, despite an increase in the number of trap nets, and had fallen 
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to 66.5 centners by 1957. 	In 1958 the fishing collectives themselves began to 

curtail fishing since it had become unprofitable. 	In 1958 the Svir' fish 

hatchery was itself obliged to organize special Catching of spawners (these had 

previously been taken from commercial catches) and from that time down  • o the 

present no more than 10 spawners have,ever been taught in a season. The Svir' 

stock, which was the largest of all the lake salmon stocks, was destroyed 

within 8 years of the intensification of fishing, i.e. within the cycle of one 

year-class. 

The salmon of the Shua River will apparently avoid such a fate 

since the use of tran nets was here begun later and certain limitations were 

placed on fishing in 1961 and in 1964-1965. Nevertheless, it is to be 

expected that the abundance of the stocks arriving at the river mouth in the 

period 1967--1970 will be extremely low owing to overfishing in 1959-1961. 

Even after 1970 catches are hardly likely to reach the level of average catches 

(over the period 1932-1960). 

Under conditions in which commercial fishing is very intensive and 

few fish are let through to spawn, uncontrollable_removals in the spawning 

grounds do particularly great damage, but unfortunately this cannot be assessed. . 

Another form of uncontrollable removal is fishing for salmon finger- . 

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 the post-war years and is still continuing although it is banned by the 

"Fishing Regulations..." (1960). An approximate estimate of amateur catches 	/115/ 

shows that several thousand fingerlings of the downstream-migrant size may be 

caught in a single river during the suMmer. At its present level this fishing 

does at least as muCh harm as the uncontrollable removal of spawners (Yu. A. 

Smirnov,;:1965). 
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III. .An Estimate of the  Abundance of Onega  Salmon Stocks. 

. A rough estimate of the abundance of individual salmon stocks may 

given by a "number" scale: 

1) the stock has disappeared completely (0); 

2) the stock contains less than 10 or 10 fish (1-10); 

3) tens--hundreds (10--100); 

4) hundreds--thousands (100--1000). 
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Fig. 26. Alteration in the abundance of salmon stocks. 

1 -- Lososinka; 	2 -- Shuya; 	3 -- Suna; 	4 -- Lizhma; 	5 -- Unitsa; 

6 -- Kumsa; 7 ,- Povenchanka; 8 -- Nemina; 	9 -- Pyarma; 	10 -- 

Tuba; 	11 -- Vodla; 	12 -- Andoma; 	13 -- Vytegra; 	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 type may'be used to estimate not only the present 

• state cf stocks, but also the alteration in their abundance over the time 

known to us; * this is reflected  in fig. 26. 	Unen there was ne information 

on the state of the stock in the past its assumed abundance has been indicated 

by a question mark. 

Only those . stocks which are nurbered in hundreds--thousands of • 

fish are of inderendent commercial imr;ortance. 	There are now only three such 	/117/ 

stocks, those of the Shuya, the Pyal'ma and the Vodla. The stocks of the Suna, 

the Lizhma and the Andoma were includecl in this category comraratively recently,. 

in this century, but the first has completely disappeared and the other two 

have lost their commercial im-mrtance. 	Stocks which have disnip -neared also 

include those of the Lososinka, rovenchanka and Vytegra Rivers and probably 

that of the Vodlitsa. 	There is no information concerning the past commercial 

importance of the stocks of the Unitsa, Kumsa, Nemina, Tuba and Megra Rivers; 

their present numbers are extremely low. 	 • 

V. V. Veshchezerov (1931) gives a physical estimate of the catch for 

the Andoma of up to 500--750 salmon in a season. The results of a calculation 

made by Sevzaprybvod (Leningrad) suggest that this stock has been greatly 

reduced; only 41 fish were recorded in 1963 (communication df I. 1. Ryzhov), 

•but this is not the entire stock, since salmon also enter the Samina, a 

tributary 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 data of M. B. Zborovskaya, the 

catch in 1930 (30 centners) was 500--600 fish. 	In the latter case, as in the 

Andoma, the whole stock may have numbered up to 1000 fish, since considerably 

less than the entire catch was recorded and not all the fish were caught. 

O  

• 
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V. V. Petrov (1926) gives  a figùre of 2000 fish for the catch in 

• the Lizhma (around the year 1916); the entire 'stock does not exceed 200 fish 

at the present time. 

It is possible to have  more  precise information on abundance in 

some instances when reliable commercial statistics are supplemented by materials 

on the structure of  the stocks. 	It may be considered with confidence that the 

abundance of the stock approaching any river has not exceeded 300 fish since 

1900. Materials for the last feW years enable us to give a quite accurate 

estimate of the Shuya, Pyallma and Vodla stocks .. 

• The salmon stocks'approaching the mouth of the Shuya in the period 

1957--1963 numbered 900--2500 fish with  an average of 1700. 1 Between 60 and 

1 Translator's note. These figures contrqdict the statement in the last 

paragraph in which 300 should perhaps read 3000. 

90 % of the stocks were taken by the industry and approximately 10 % by 

"amateur" fishermen. 	Very few fish spawned, 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 fishing place ("Lira") were 

torn away by logs at the height of the run and were not restored for two weeks. 

This enabled a large number of salmon, up to one third of the stock, to 

. migrate upstream without hindrance. There are'a number of facts which 

indicate that the number of salmon entering the Shuya has been sharply reduced 

from 1959 onward. Salmon and salmon redds have become a rarity in the 

Syapsya, a tributary of the Shuya. Our search for redds in this river in 

October 1959 wqs fruitless: no redds were found even in those rqpids where 

the salmon always spawned previously. Up, until 1958 inclusive local 
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inhabitants found dead salmon which had perished after srawning in the 

Kindasovskoe spawning ground; this was not observed in the falowing years. 

After 1960 it became very rare for spawned salmon which had migrated downstream 	/118/ 

in the spring after overwintering in the river to be caught in Petrozavodsk Bay 

and none were caught in 1961 and 1962. Nets were specially erected around the 

mouth of the Shuya at the beginning of May 1966 but only 5 spawned salmon were 

taken. This information enables us to improve the accuracy of the estimates 

of abundance. 	 - 

A counting fence was installed in the Pyarma River in 1963 and 1964 

although admittedly not for the entire run. On the basis of these.data and 

taking the catch and thé wastage into consideration, the stocks of these years 

are estimated at 500--1000 fish (Smirnov and Smirnova, 1965). . According to 	. 

N. Ya. Danilevskii (1875), up to 800 salmon were taken in the summer in good 

years at the trap fence erected at that 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. 

According to Danilevskii, the catch in the Vodla was at least 400 	• 

poods, which corresponds to 1000 fish, and in addition some of the fish entered 

the river. 	Including the catch, the wastage and the proportion of  the carry- 

over thé stocks of 1962--1965 may be estimated at 500-1000 -fish. 

The abundance of the mature part of the entire population of the Onega 

salmon in the quinquennium 1961--1965 did not exceed 4--5 thonsand fish; in the 

following quinquennium the abundance waS at least halved. 
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Chapter 5 	 /119/ 

WAYS OF INCREASING THE ABUNDANCE OF THE SALMON . IN 

LAKE ONEGA 

1. Conservation  of Stocks_LE2gulation  of  Fish. 

The purpose of conservation measures is primarily to halt the 

reduction in abundance and not to permit stocks whose numbers have become 

very low to disappear. 	This latter point is very important, since owing to 

the high plasticity (adaptability) of the salmon and its tendency to form 

local groupings, there are evidently no completely identical stocks and each 

stock possesses a combination of properties specific to it alone. 	Because 

of this different stocks are of unequal value for intensive artificial 

cditure. In the conditions which have developed in the Onega 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 must be begun with the 

systematic implementation of the main measures for the  conservation of stocks 

and the regulation of fishing. The following should be included in the 

. 	conservation measures. 

Discontinuation of lagging  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 Varna dam (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 October the dam at the 

head of the Sukhaya,Vodla should be sealed so that the entire dischcrge is 

directed into*the  Veina. 	In the spring the Vama dam should not be closed 

before the beginning of the flood, i.e.'not before the first of May,to avoid 

drying out of the upper reach of the river and the mass death of fish, incuding 

young salmon moving td  the upi?er rapids after overwintering. The regime of the 

dam at Shushki.(Suna) has not been established; complete closil -w'of the dam for 

the winter is permitted there. 	The question of the Kedrozero dam (Lizhma), 

which prevents the passage of salmon to the u7per spawning grounds, has not so 

far been solved. 

Systematization of the ex.31oitation  of comnercial stocks, namely 

transition to, concentrated fishing vith aprro;riate modification of the industry 

so that the ratio of removals to escapement should in fact be 1 : 1 and not .as 

it was in the Pyarma in 1563 and 196/+ wnere, owing to the continuation of lake 

fishing  the  actual. removals were 3 times the escapement, 3 : 1. 	This measure 

will not only ensure against overfishing, but will promote an increase in 

abundance (long-term experience in the rivers of the Kola Peninsula); because 

it completely justifies itself economically it is practised in the Atlantic 

salmon rivers of Murmansk and Archangel Provinces, including the largest 

-Atlantic salmon river, the Pechora. 

The principles and merits of concentrated fishing were set out more 

than a century ago by K. M. Ber (1860). 	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 

/120/ 

concentrated in the river mouths. 

knowledge of the abundance of the 

calculat  ions  of the effectiveness 

When this is done we shall have accurate 

stocks, which will permit accurate 

of natural reproduction and make it possible 
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to keep a check on the state of the entire population. After the abundance 

of the stocks has increased to the maximum possible for each river, the 

proportion of removals may be increased. After the maximum abundance for 

the stock has been regched it is evident that a constant number of spawners 

(or a number which . 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 

spawning and growth area and the whole of the remainder of the stock will be 

removed. 

Concentrated fishing is quite feasible at the present time in the 

Shuya and the Pyalima, 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 Pyal'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 

fence 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 smallness of the spawning 

stocks. Major obstacles ("fences") are constructed in the Vodla to catch 

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 spawning 

grounds in the Lower Lizhma and the Tuba because the spawners had been caught. 

In the case of concentrated fishing and the calculated escapement of 	/121/ 

spawners unControllable removals will distort calculations of the commercial 

return in addition to reducing the future Catch. 
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Another form of uncontrollable removal on a larger scale is the 

catching of salmon fingerlings by rod and line, which is practised both by 

adults and by children. It occurs in all rivers with the exception of the 

Vama and in part the Pyarma. According to 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 

- eutumn;- the losses to future catches from each thousand fingerlings will be 

at least 5-10 centners. 

Improvement  of  the Fishinc '.eerulations is necessary because enemies 

and competitors of the salmon 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 where no measures of biotic improvement will be 

carried out rod fishinc and fishing with live bait (but not trolling t) should 

be permitted, but only in reaches that do not provide pools for salmon and 

whitefish. 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 

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 

example, on Saturday and Sunday), which will facilitate the conservation of the 

rivers. 

II. 	Improvement Works. 

The purpose of improvement works is to increase the productivity 
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of spawning and growth areas and thus to càmpensate the reduction in the 

resources of Dawning grounds. Such operations were until recently 

impossible and undesirable since there was intensive logging in almost all 

the rivers of Southern Karelia. With the cessation of logging it is 

becoming necessary to carry out a combination of improvement works and not 

merely to•clean up the rivers. 	'Olen deciding on the allocation of resources 

for improvement works it is naturally essential to take into consideration, 

in addition to the natural feature:2 of the river, the urospects of its 

economic exploitation and the technical potentialities of improvement works. 

Because there is no hatchery in Lake Ohega the abundance .of the 

salmon may be increased only by natural reproduction in the rivers not used 

for logging. It is shown by foreign research and experience that the carry-

in g out Of biotic improvement (the suppression or tbtal elimination of enemies 

and competitors) may sharply increase the productivity of spawning and rearing 

grounds. 	 • 

A number of investigators (Foerster, 1938; Ricker and Foerster, 

. 1948; Elson, 1950, 1962; 'Allen, 1951; Ricker, 1951 Smith, 1955; Watt, 

1955; Horton, 1961) have established 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 

second year of life reach . 80--93 %, and in the case concerne'd (New Zealand) 

eels are the greatest predator. The only way to increase the productivity of 

a body of water is to destroy the predators (fiShes, birds anà mammals) which 

consume the fish which are of concern to us, and no other measures can correct 

the position. The experience of Canadians (Smith, 1955) has shown that the 

fertilization of trout lakes and the introduction of hatchery-reared young did 

notproduce an increased yield until the predators (eels and fish-eating birds) 

/12.2/ 
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which had consumed the whole of the addition.  to the yield began to be 

destroyed. 	However, once the predators had been destroyed the yield of the 

trout increased by 6.5 times at the former stocking density and by 11 times 

at double the density, altbough admittedly the irowth rate was slightly lower- 

ed in the latter  case. 	The measures for centrol of Iredators are fishing out, 

the constructien of inSurmountable barriers (dams with penstocks for the 

removal of water) at the river head, and the shooting of birds. 

The fertilization of lakes may yield very good results. Thus, the 

size of downstream-migrating red salmon.was increased by this measure in Bare 

Lake (Alaska) and, as a result, survival in the sea was increased and the return 

rose from 5.26 to 7. 89 	(Nelson, 1959). 	This measure may be recommended for 

our source lakes which are the origin of small spawning rivers (e.g. the Upper 

Lizhma and the Elgamka). The food suy)ply of the,  young will be increased by 

11, 	
Tqankton carried out of the lake, which is very important in the transition to 

active feedinE. An attempt may also be made to introduce young directly into 

the lakes after undesirable fishes have been eliminated from them (chemical 

means make this an easy matter). However, it must  be  remembered that over-

fertilization is far worse than inadequate fertilization, since it may lead to 

total mortality of the fish as a result of oxygen starvation: 

According to the observations of A. A. Zabolotskii (1959), parr are 

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 

• 
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• obliged a switch-over to the release of older young with which, for example, 

vacated areas in the Gamryroy River were filled (Smith, 1963); .and  this 

stocking has led to a positive result. But in the absence of predators, as is 

the case above the dam in the Lower River, the release of larvae yields an 

excellent commercial return, in which . uniform 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 as larvae than as older 

younF. 	 • 

After enemies and competitors have been suppressed in rivers 

obstacles must be erected to keep these fishes out of the river. 	In some 

cases it may 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 excdpt the salmon, will be 

mont effective. 	It is precisely because of such a dam that the salmon in the 

Tuba has existed under conditions approximating to monoculture. 

Before the downstream migration of the smelts begins the reaches of 

the rivers below the obstacles must be fished out to 'remove predators 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 beds. It is an unrealistic undertaking to remove bark 

from the river bed, since not only are there no machines for this tpurpose, 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 

!M'Mru:7 
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lower reaches, which is needed to worsen environmental conditions for the pike. 

The suppression of predatory and worthless fishes. The different 

approaches which are practicable in different rivers include, for example; 

a) the fishing out of all fishes entering the river between the ice run and the 

start of the salmon and whitefish run, for which purpose the bed is completely 

fenced across with fine-mesh traps; 	b) amateur live-bait fishing in the pools;  

c) use of. the chemical method or electrofishing for the complete treatment of 

small rivers. 

Spawning rivers cannot be breught into a proper state unless a 

specialized fish breeding and improvement station is organized. The principles 

worked out by G. V. Nikol'skii (1956) for the operation of such stations for the 

salmon rivers of the Soviet Far East are largely also applicable to the conditions 

of Karelia. 	As yet, however, it is not rlanned to set up an improvement station - 

in Karelia and to carry out improvement of the 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 downstream-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) throughout the basin of Lake , 

Onega may be made good by the improvement of the remaining small and medium- 

sized rivers. It was solely for this reason that improvement works were not 

included in the "General Outline of the Development of Lake and Pond Fishing in 

the Karelian ASSR" (Gidrorybproekt, 1964). 

The supposed high cost and the.lack of mechanization are serious 

arguments against melioration. The point is that the existing legislation on 

water use does not brovide means of obliging logging organizations to clean the 

rivers. The results of the mismanagement of the tiMber industry are therefore 
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turned into great losses and great expenditure for the fish industry. 

Uere the situation to be different, the expenditure on fisheries 

improvement would be very slight: it would reduce mainly to biological measures, 

to eliminatio_n of the enemies and competitors of young salmon and whitefish.- 

This is quite feasible with the existing methods in small and medium-sized 

rivers. The carryins out of biotic improvement to increase the efficiency of 

natural  reproduction  will therefore be desirable and undoubtedly advantageous in 

those rivers in which technical improvement is not required or where the amount 

of technical improvements needed is small. 

III. The Possible Abundance of the Salmon in Lake Onega. 

In looking at the size of the lake, its productive r,otentialities 

should not be overestimated. 	At.the rresent level of development of the 

resources of. the industry, Lake  Onega  cannot be regarded an more thqn a "live 

container", from which the contents may always be exhausted. 	It is therefore 

extremely important to determine the maximum quantity of predatory fishes, 

including salmon, which may be fed on the plankton-feeding fishes (vendace and 

smelt) and how intensive vendace and smelt fishing should be if reproduction is 

not to le disrupted. 

It is essential to determine this in order not to allow the product-

ive properties of the valuable predators to be lowered (slowing down of growth 

and maturation which will lead to an increase of the feeding ratio). This will 

occur if the abundance of predators is excessive with limited food resources, 

i.e. if the food supply is inadequate. Such a feature has been observed in the 

breeding of trout, not only in the system of small lakes of the Solovetskie 

*Islands (Gurermi, 1888), but also in fairly large and productive lakes of 

New Zealand (Percival and Burnet, 1963). 
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How many salmon may be fed in Lake Onega ? 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 Onega 

does permit of an approximate estimate of the -nermissible abundance • of  salmon 

based on fisheries data. This figure may possibly turn out to be understated, 

but in this case understatement is less risky than overstatement. 

The following remarks should be made concerning the planned catch in 

the General Outline (2000 centners). 

calculations on the food resources . 

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 smelt, Which are the food of salmon and other 

valuable predators, since the end of the last century, i.e since the time when 

maximum salmon catches were fixed. 	I. F. Pushkarev (1914a) noted such a heavy 

reduction in vendace catches that the vendace fishery had become unprofitable. 

.Complaints by fishermen of areduction  in  vendace catches had earlier been noted 

by K. F. Kessler (1868) and N. Ye.. 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 abundance salmon do not experience 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 trend 
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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 predators. 

1. The vendace stock in Kondopoga Bay has been destroyed by 	• 

effluent discharged by a pulp and paper combine (catches reached 1000 centners 

,in the past). 

2. Theientry of the smelt into Petrozavodsk Bay has been reduced 

in recent years owing to its pollution. The vendace, which was previously 

-olentiful here (Pushkarev, 1900a), has practically disappeared. 

3. The vendace stock in the area of Velikaya Bay has ceased to be 

• of commercial importance (acc-ording to the data of Karelrybvod, pre-war catches 

were more than 2.5 thousand centners); overfishing is a possible cause. 

The abundance of the southern vendace stock in the area of 

Cape Petro-eavlovsk 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,.943--233 centners in 

. ,1 056--1961, only 97 centners in 1962 and 170--650 - centners in 1963--1965. 

The assumed cause of reduction in the abundance of the stock in recent years 

is the heavy silting observed in 1961 and later as a result of the dumping of 	/126/ 

bottom material from dredging of the Volga-Baltic canal: 

a) the increased turbidity greatly impeded fishing; 

b) the increased turbidity may have forced the vendace to alter the 

usual paths of its spawnihg 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 fishing ground) did not exceed 15000 poods 1200 poods of 

vendace roe el 2600 centners; in 1870-1871 (Danilevskii, 1875) the catch was 
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 4800 poods of vendace + 400 poods of vendace roe = 830 centners. 	In the 

-ceriod 19 •8-1951 catches in the same area ranF,ed letween 3212 and 8366 

centners and 1;lere on average  5300 centners. 	Therefore, the average catch of 

these years was more than twice the record catch in the past. 

b) Merezha (hoop net) fishing for the smelt in the Shala area, 

which was begun in the . 15:..7es, 	.E: initially carried out on  .a small scale 

limited to the'needs of the fishermen and the not-very-numerous local 

population. The  128 catch of 826 centners was regarded as extremely success- 

ful: the smelt "ased to be caught" (Loashev, 1931). In  1948-1951 the 

smelt catch in this area was 1572--2286 centners, on average 1940 centners, or 

2.3 times the former record catch. 	In 1962--1965 the catch by the fishing 

brigades of the fish combine alone varied between 1890 and 3270 centners, on 

• average 2500 centners, or 3 times .the catch in 1928. 

e) A similar pattern is also observed in the so;Ithern part of the 

lake -- in the Petro:avlovsk, Vytegra and Andoma fishing grounds. 	In 1928 

the catbh here was only 600 centners (Veshchezerov, 1931). 	In 1948-1951 

catches ranged from 1572 to 2845 centners, on average 2400 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: 	d) the demand of the 

population is low; b) far less is required for canning and other forms of 

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 sCale we are • 
7,7-71T, WT; 
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reducing the food resources of more valuable predatory fishes -- salmon, trout, 

char, pike-erch and hitefish (a facultative predator). 	The economic 

exDediencY of'continuing such fishing is doubtful. 

6. 	Special fishing for pope (with "mutniki"), which was.earlier 

tractised, has long been abandoned since it is commercially unprofitable and 

forbidden for the porulation. 	According to available observations (Pokrovskii, 

1953), the abundance of the vendace may be largely limited by the pope which 

consumes its eggs in the . spawning ground. 

iC  are, therefore, faced with the disappearance or sharp reduction 	. /127/ 

of .a number of stocks of the vendace and with fishing for it and for the smelt 

which is extremely intensive by connDarison with the last century, i.e. with an . 

overall reduction in the food resources of -eredators. Although, on the other 

hand, the abundance of r)ike-perch, burbot, char, trout and whitefish has been 

heavily reduced, we cannot be certain that  the  food resources thus "freed" will 

make 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 grounds for counting . on a salmon catch of 

• 2000 centners, especially because such catches are not known even for the best 

times in the past (tables 26 and 27; fig. 25). 

• A very rough calculation may be made of the food (smelt and vendace) 

needed 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 undoubtedly-  be considerably higher in the salmon 

(longer feeding period, expenditure of energy in the search for food) and 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 quantity of these fishes is essential for 
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fishing, for other predators and, fingily, for reroduction0 What part of the 

. smelt and vendace pomilations should be left for reproduction to prevent a 	. 

decline . in their abundance has  roi as yet been established. 	But even were this 

to be known, Ve could not give clear recommendations on the reconstruction of 

the fishery. The point is that no attempts have hitherto been made to estimate 

the abundance of stocks of plankton feeders in Lake Onega and the extent to which 

they are exploited by the industry. 

In recent years (1953-1965) the industry has taken between 10.3 and 

16.5 thousand centners a year of vendace and smelt combined (table 33), on 

average approximately 15 thousand .  centners. Food ratios may be used to make an 

admittedly very aporoximate estimate of the proportion of these fishes which will 

remain for predators. 	The vendace and the smelt are consumed by salmon, trout, 

char y  burbot, pike-perch and to a lesser extent pike, perch and whitefish. The 

last two species have not been considered in examination of catches of predators, 

The catch of -predators was 2874 centners in 1930; between 1953 and 

1965 catches ranged from 1274 centners to 3887 centners (table 33), on average 

approximately 2300 centners. The last •mentioned figure should be increased to 
- 

2.5--3 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,  rio eet#ateE have hitherto been 

made of the remaining reproductive part of the stocks: It may be assumed that 	/128/ 

at the present rate of exploitation of the vendace in the main fishing grounds, 

Tolvuiskoe Onego, no more than 1/3 of the stocks approaching the spawning 

grounds avoids being caught. The situation is apparently the same with the 

smelt in the Shala area. 

4 
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T a6ang a 33 • 
• 1...Tpywrypa y:10BOR  no dleuenosry oaepy. 

Coonnnueune naanwrotbarou u xunumnon 
_ 	 -.- 

	

1952 r. 	1934 r. 	1955 r. 	.1956 r. 	1957 r. 	1958 r. 	1939 r. 

• 
06guili yaou no oaepy, g 	21140 	20040 	21686 	25578 	18906 	21120 	22240 
Ynou panygnat 	11 	I ■ up10111- 

1i11, g  	13922 	16337 	12851 	16801 	12512 	14034 	14255 
;'doasi puny/Emu 	n uopioiu- 

un n yaoae, %  	66 	64 	59 	66 	66 	66 	64 
Vaorl X11141111KOH. 11 . 	. 	.  	3147 	3410 	:3887 	2945 	2027 	2331 	1935 
OTnomenne yaoua xununi- 

uoa u yaony n:lannTorpa- 
ron, % 	23 	21 	30 	18 	16 	17 	14 

gTat5auga 33 (npodomocenue) 

	

15 1.1) r. 	1961 r. 	1962 r. 	1963 r. 	19P. r. 	1965 r. 	'beèglille 

0611011i yaon no o3e1fy,  n . 	17190 	16355 	19600 	20371 	15838 	18645 ..-- 20 
. 	(Y.:Thio. 	n 

V.1011 panyugat n Nopma- 
lill, 11, 	13129 	12974 	15100 	15969 	10283 	14160 	• 	--..15 

- 	 ,ruo. g 
;1oe1rt 	pnnyingn 	n nopiom- 	 , 

lac 11 ynoae, %  	78 	79 	77 	79 	65 	76 	—700/0  
Vaoa xunonnon, n . 	. 	. 	• 	1274 	1755 	1739 	1807 	2018 	1708 

. 	 . 	 (3Thic. g 
Ontomenne yaoaa x nuoin- 	 . 

Hob u y.riclay naann•rotpa- 
roe, %  	9 	14 	19 	11 	20 	12 	—15% 

Key to Table 33: 	1. Table 33 2. Structul'e of catches throughout Lake 

Onega. Proportion of plankton-feeders and predators 3. Total catch 

throughout the lake, centners  14-.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 (continuation) 	9. thousands of centners 	10. 

Means. 

If the "avoidance" 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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annual 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 

reproduction; 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 s  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 	/129/ 

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 relations when the food 

resources are under pressure. 

On the basis of all that has been said, we should not plan to obtain 

a gross return of salmon (catch + numben of fish for reproduction) of more than 

1000 centners a year, at all events not until the food resources have been 

Clarified. 

A relative excess of feeding salmon with limited food resources may 

lead to an undesirable deterioration in growth and to retardation of maturation 

and, consequently, slpw down the rate of return s  the recouping of resources 

expended on fish management. However, if the food resourCes are subsequently 

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 are lake-river forms 

which are readily accessible for fishing and whose abundance can be regulated. 

4111 	There is no clarity concerning the possible (or maximum permissible) abundance 
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Fig. 27. Relationship between vendace and smelt catches in Lake Onega. 

Continuous line -- vendace, broken line -- smelt. 

of these fishes. Solution of this question depends on what will be accepted 

âà the optimum structure of catches throughout the lake. In addition, as in 	/130/ 

• 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 Fish Hatchery and Natural Reproduction of  the Salmon. 

The need to construct a fish hatchery to maintain and restore stocks 

of the Onega salmon was already apparent more than half a century ago 

(Pushkarev, 1914b, 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 conversion to the artificial 

prepagation of the greater part of the population while making simultaneous 

use of the rivers (spawning and stocking) will make it possible to resolve a 

number of difficulties and holds out tempting prospects. 

To begin with, it is only in this way that the number of fish may 

be increased in a short period to the desired limits (in conformity with the 

food resources). Secondly, the size of the remOval (catch) increases, and 

• 

in the case of hatchery propagation alone becomes practically equal to the . 

return, since a small quantity of spawners is needed for reproduction. 

Thirdly, by annually releasing a regular quantity of standard downstream 

migrants it is possible to count on obtaining more stable catches in the 

future, since the fluctuation in the yield of young in years when 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 may be introduced into other suitable bodies of water. Finally, 

the construction of a hatchery will make it possible to use vacated growth 

areas in those rivers where the salmon stock has disappeared 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 hatchery'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. 
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hatchery reproduction, there would be no justification for refusing to use the 

rivers. The task of fish management is to make effective use of bodies of . 	/131/ 

water and not to leave them in a chaotic state. 

At the present time natural  reproduction cari  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, catches will be extremely low by the 

beginning of the 1970s and even in the subsequent quinquennium they will not 

rise above 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. The 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. Accelerated hatchery rearing 

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 intensity of fish culture. 

.Irrespective of the prospects for the construction of a hatchery it is essential 

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 rdll be determined 

by the state of the resources of spawning  grounds.  
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yranglutor*anote. For. caso of use  th  titles in 	this List have 
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(first author, if more than one). The folleuing journals, occasional . 

 publications and publishing houses aire giton in transliterated form. 
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