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INTRODUCTION 

In the past the pink salmon of the Amur basin occupied an important place 

in the salmon fishing industry of the Soviet Far East. By 1941 the mean catch 

in even years was 110 000-120 000 centners, out of a population of 

over 20 million fish, which was about 10% of the total -oink salmon catch of 

Kamchatka, Sakhalin, the Okhotsk Fishing District and Primorle (the Maritime 

Province). 

The period of 

1941 by a considerable decline, the number falling gradually to reach in 1952 

the lowest level recorded in the history of the industry: the catch fell to 

9 000 centners out of a total population of 1 million fish. - 

Since 1953 the commercial exploitation of the pink salmon in the Amur 

basin has been under severe restriction: catches of Amur pink salmon now do 

not exceed 2 % of the far-eastern catches of this species and only in particu-

larly plentiful years (1958), recurring in 10-yearly cycles, have they reached 

almost 25 %. The efforts of fisheries research scientists have therefore been 

directed primarily toward the development of measures to help to restore the 

pink salmon population. Many scientific papers and notes on the biology and 

exploitation of the Amur pink salmon have been publiàhed, but still more infor-

mation of different sorts still remains stored in the archives of the Pacific 

Research Institute of Fisheries and Oceanography (TIURO) and its Amur branch. 

The absence of any general treatise on the pink salmon of the Amur basin, 

similar to those written by R.S. Semko for the Kamchatka pink salmon and by 

P.A. Dvinin for the pink salmon of Southern Sakhalin, combined with the con-

siderable economic importance of this fish, led the writer to attempt to 

compile a general survey of the available scientific material in order to 

present as complete a picture as possible of the present level of our know- 

high pink salmon numbers was followed after 
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ledge in this field. 

This book consists of 10 sections dealing with such problems as the 

commercial exploitation, the state of the stocks and the biology of the Amur 

pink salmon, predicted catches of this fish and measures aimed at maintaining 

and increasing the stocks. A map of the spawning area and the approximate 

distribution of local salmon populations are given. 

The material on which this book is based covers the period from 1900 to 

1965. Besides published sources the following materials also have been used: 

statistics of catches of the Nizhne-Amurskii (Lower Amur) and Severo-Sakhalin-

skii (Northern Sakhalin) State Fishing Trusts; data collected at the Daltryba 

control stations from 1925 to 1941 and the fishery improvement stations of the 

Amurrybvod organization from 1949 to 1965 as regards the times of the spawning 

run, quantitative and qualitative estimates of spawning stocks of the pink 

salmon and of downstream-migrant young fish in inspected rivers, and data 

obtained by the headquarters of the Hydrometeorological Service of the Far East 

for levels, water and air temperatures, thickness of the snow, direction and 

force of the wind and fluctuations in tides. Biological information on the 

pink salmon of the Amur basin and adjacent regions is based on the results of 

research conducted by the Amur branch of TIURO, in which thè author has parti-

cipated for many years. 
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1.   coizmain EXPLOITATION 

The same type of fishing equipment is used to catch the various forms of 

Pacific salmon in the Amur basin -- the pink salmon (Oncorhynchus gorbuscha), 

the summer chum (O. keta keta)  and the autumn chum (O. keta autumnalis).  The 

development of pink salmon fishing is therefore a part of the development of 

salmon fishing in the Amur basin in general. The catch is of course the 

principal element characterising the exploitation of any fish. 

Catches of the pink salmon in the Amur basin will be examined for the 

sake of convenience for separate periods: from 1902 to 1940 they are taken 

from the works of B.A. Geineman (1911) and M.S. Aleksin (1923), the statistics 

of the Darrybvod organization and data of the Lower Amur and Northern Sakhalin 

Fisheries Trusts. Like all statistics they are not irreproachable. The figures 

for catches in 1902-1940 were probably not obtained with sufficient care for 

them to be taken as complete, for they did not account.for salmon caught 

throughout the whole of its distribution area in this basin and the figures for 

the catch are not related to abundance of fish in the fisheries. HOwever, for 

all their deficiencies, these figures to which I shall frequently refer have 

the great advantage that as a rule they were . collected within the confines of 

virtually the same fishing._ district, although at one time it was called 

Nikolaevsk (until 1935) 1 
but later the Lower Amur District

2
. Even allowing 

1
This included (Tikhenko, 1915) all the lower course of the River Amur 

from the village of Tsimmermanovka to its mouth, the lower course of the River 
Amgun' for a distance of 300 versts (321 km), the continental and Sakhalin 
shores of 	Amurskii Liman (Amur Sound) and the south-western coast of the 
Sea of Okhotsk to the west of the Straits within the boundaries of Udskii uezd 
(Bda County). 

2
This district included the lower course of the River Amur from the 

village of Kiselevo to its mouth, the continental shore of the Sound from 
Baidukov Island to Cape Lazarev, the shore of the Tatarskii Proliv (Tatar 
Straits) with Der-Kastri Bay and the south-western coast of the Sea of Okhotsk 
from Baidukov Island to the River Kol'. 

/5/ 
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for some inaccuracies they nevertheless demonstrate the intensity of pink 

salmon fishing in past years and they give a clear idea of the state of the 

stocks of this fish in the various stages of development of the fishing industry. 

Detailed information on the pre-Revolutionary period of the salmon fishing 

industry is given by Kramarenko (1898), Alekseev (1905), Geineman (1911), 

Trautshord (1912), Tikhenko (1915) and Lebedev (1916a, 1916b); their obser-

vations are described briefly in this section. 

1. THE PRE-REVOLUTIOMaY PERIOD 
ADD PERIOD OP  THE  CIVIL VAR 

A. 	The Period Before the First 7orld 1:iar (1902-1913) 

Salmon fishing in the Amur basin was carried out originally for the personal 

needs of the local peasant and indigenous population. It was a purely local 

consumer activity for the lack of a railway prevented fish from the Amur from 

being sent to the central districts of Russia. Not until 1870 was the first 

catch of Amur salmon exported to certain neighbouring districts of Priamur'e 

An impetus to the more rapid development of salmon fishing  was  given when, 

after 1892, fish could be sold to the owners of Japanese fishing vessels enter-

ing the lower reaches of the Amur River. At that time most fish was caught in 

Nikolaevsk District. Usually the Japanese bought the salmon from the local 

population, processed it by the use of their own labour, and then transported 

the finished salted product to Japan. 

The importation of Amur fish into Japan increased from year to year. This 

can be judged from the number of Japanese sailing vessels carrying salmon from 

Nikolaevsk Disteict: there were only two in 1892, but in each subsequent year 

including 1900 the numbers were four, six, eight, 18, 32, 24/ 34 and 64 (Taguchi, 

/6/ 
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1963). in 1897 the Japanese not only purchased fish but also obtained the

right to fish for salmon in areas reserved for their own use by means of trap

nets in Amur Sound.

This fishing by the Japanese, processing their own fish, brought no profit

to Russia.. This fact compelled the Friamur'e Deprrtment of Kational 'R^esources

to issue regulations according to which salmon fishing by foreign ships was

prohibited from 1899 in Nikolaevsk District. They were permitted only to

purchase fish from the local population and to process it for preserving at

01

special fish-processing stations leased by the Treasury. From that time

the fishi ng industry in Nikolaevsk District started on a new phase of develop-

ment: the whole of the local indigenous and peasant population took an active

part in fishing; Russian entrepreneurs soon followed suit, and eventually the

fishing industry became capitalist-owned.

After the signing of the Russo-Japanese Fisheries Convention for 12 years

in 1907 the Japanese obtained the right to fish for salmon in Amur Sound,

but only with the use of Russian labour. Because they were prohibited from

using their own labour the Japanese found the fishing in that region less

profitable and for that reason only seven curing stations were hired by the

Japanese firm in those years; most were in the hands of Russian entrepreneurs.

Despite certain limitations applied to the Japanese, the scale of fishing

for the Amur pink salmon increased year by year (Table 1) and on the average

for even years (in the period 1908-1912) 5 million fish or 50 000 centners were

exported to Japan.

By 1909, accordin^ to Tikhenko (1915), no fewer than 28 operating fish

barriers of the Japanese type, 360 barriers of peasant type and 700 drag seines

were counted in the lover reaches of the River Arnur and Amur Sound.

?'ot satisfied with selling fresh fish at low prices to Japanese curers,
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 Russian fishery owners began to seek an outlet for finished products in the 

markets of Western Siberia, European Russia, and even abroad. The demand for 

Amur fish increased progressively. This compelled the capitalist fishery 

owners to increase their output of fish products, and the peasants and local 

indigenous population Changed from being catchers of fish to curers of fish, 

sometimes employed by an entrepreneur. 

TABLE 1. Number of Pink Salmon Caught in Amur Sound 	and Exported to 
Japan from 1902 to 1914, in Millions of Fish (after Heineman, 
1912; Pushkov, 1914; Lebedev, 1916) 

1902 	4,80 	0,36 	 1909 	' 	2,95 
1903 	2,13 	0,32 	 1910 	. 	- 7,70 
1906 	5,64 	0,07 	 1911 	- ' 	3,86 
1907 	 1,42 	1,48 	 1912 	• 7,53 
1908 	4,60 	5,57 1 	 1913 	. 	7,47 • 

- 	 1914 	14,53 

• 
2,21 
4,50 

. 2,55 
5,00 
1,32 

3,28 
• 

1These figures evidently include catches of pink salmon in fishery 
districts adjacent to the Sound. 

KEY: (1) Years; (2) Taken in the Sound; (3) Exported to Japan. 

The number of fishery'enterprises under capitalist control increased 

rapidly. In the lower reaches of the River Amur and . Amur Sound, 

according to Navozov-Lavrov (1927); their number varied in different years 

before the Revolution from 40 to 92. The peasant industry played an impor-

tant role in salmon fishing. It yielded on the average 35 % of the total 

catch (Kuznetsov, 1923). 

The revival of commercial activity in the period 1907-1914 led to an 

increase in the population in the lower Amur valley. For instance, according 

to fii-ures civen by Rusanov (1924a) the population of the town of Nikolaevsk 

inc,rio-wd from 5,700 in 1898 to 15,000 in 1914, while the peasant population 

cf !:ikolaevsk District increased from 2,200 to 4,100 from 1907 to 1914. 
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Many new villages appeared in the lower part of the Amur valley. They numbered 

29 at the beginning of the First World War and three years later another five 

had been added (Dobrovorskii, 1923). As the population increased so also 

did the scale of subsistence salmon fishing. 

Before the war in Nikolaevsk District 74 fish-processing and 52 fish-catching 

sectors were being let out to tenant fishery entrepreneurs; barriers of Russo-

Japanese type were used at 24 of these sectors, barriers of Gilyak type at three, 

and drag seines at 25 sectors (Rusanov, 1924b). The local population fished 

for salmon with 292 barriers of Gilyak type and 645 seines (Smetanin, 1929). 

As determined by Smetanin, in the period from 1907 to 1915 the average daily 

catch of Amur pink salmon was 6.9 million fish (83 000 centners), of which 5.4 

million fish were accounted for by commercial fisheries and 1.5 million fish 

by the local population. 

In 1910-1911 the Japanese harvests of salmon in Amur Sound 

fell sharply for the fortunes of the market turned in favour of Russian capital. 

In 1913 most of the fishing sectors in Illkolaevsk District were in the hands 

of Russian entrepreneurs, who processed chiefly pink salmon for the Japanese 

market. The scale of this processing had fallen considerably by 1914, whereas 

salmon processing for the Russian market had increased (Table 2). An impor- 

tant contributory factor to this result was the construction of the Trans-Siberian 

Railway connecting the Far East with Central Russia. 

With the development of Japanese fisheries in the Russian coastal and 

sea waters (especially in Kamchatka), Japanese purchases of fish caught in 

Yikolaevsk District also began to fall after 1913. According to Lebedev 

(1916a), for instance, purchases of pink salmon in the Amur in 1912 amounted 

11, 	to 4.9 million fish, but to only 1 million fish in 1913. 

Exploitation of Amur salmon, which began by subsistence fishing, was thus 

/8/ 
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converted with the passage of time into a major commercial enterprise. The

pre-war period was characterized by a decrease in Japanese purchases and the

completion of the victory of Russian entrepreneurs with the nationalization

of the fishing industry. The period from 1909 to 1914 was one of established

commercial fishing on the Amur. Of the total number of Amur salmon caught

in 1902-1913, the pink salmon accounted for about 22 jb and, as Table' 5 shows,

the actual catches were comparatively high, reaching on the average 5.6 million

fish (about 60 000 centners) in even years and 3.4 million fish (about 50 000

centners) in odd yearsl.

TABLE, 2. Relative Quantities of Pink Salmon Prepared for the Home and

Export Markets (after Tikhenko, 1915)
------------------- -----^----------- - ------- ---------__ _-.__

' r ^ •' ^^ 1^ TJSI ^1IIC:1.^, ni
1 BCCfo nCOTOP,-

1CIAil
ACilO, TbIC IiET-

ffd j?^'CCliltfi ^ na £IIOPC1:[f}I S-

-._---

1910 - 316 N 61

1911 .07 31 69
1912 ^ 710 57 43
19i 3 1039 57 43
19 1'E 1812 82 18

gFY: (1) Years (2) Total number of fish processed, in thousands (3) Com-
prising, per cent (4) For the Russian market (5) For the Japanese
market

B. The 1+^.̂ .r Period and the Years of Jaranese Tntervention (1914-1922)

Genuine interest was not shown in the pink salmon as an object of commerce

until the period of the First Florld War, when the demand for prepared fish

products increased enormously. The catch of this fish in Nikolaevsk District

in 1914-1018 reached 13 million fish or 140 000 centners in the even years

(':'ablel 3).

p^ilwr; ^f- pF>IFfo1c

I.'1:r^ moan vreiFl-ht of a pink salmon here and later in Table 3 is taken as
'..l ..,; in even yeaxs and 1.4 kg in odd years.
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The Japanese contribution to the fishing industry in Nikolaevsk District 

continued to diminish. In 1914 the Japanese had only seven curing stations 

on the Sakhalin shore of 	Amur Sound, where they both caught and processed 

the pink salmon (Tikhenko, 1915), and one sea-fishing sector leased for a 

three-year period (1914-1916). The Japanese purchased Amur rink salmon from 

28 sectors in Nikolaevsk District (Lebedev, 1916b). 

After 19  09 direct  correlation could no longer be found between the quantity 

of fishing gear and the size of the catch of pink salmon, for the size 

of the catches decreased faster than the contraction of the industry (Smirnov, 

1947). The figures for the catches of pink salmon in Amuï Sound after 

1906 are therefore also pointers to the state-of its stocks. 

After 1914 poor catches of pink salmon in odd years became particularly 

conspicuous. Catches of the odd year-classesin this period on the average 

did not exceed 750 000 fish per annum, equivalent to a weight of approximately 

10 000 centners. 

However, despite these sharp fluctuations in the pink salmon catches, 

the period 1915-1917 was comparatively favourable for the development of the 

Russian fishing industry on .  the Amur (Smetanin, 1929). By 1915 the Japanese 

market had taken second place to the increased home market, and by the end of 

1917 the fishing industry of Nikolaevsk District was completely independent 	/10/ 

of the low prices of the Japanese market and the entire production of fish 

from this district was disposed of in Russia. 

The Russian fishing 

organization. 	In 1916 the Zakupsbyt Cooperative Organization and the 

Tsentrocw,11:. *Office first appeared; through their agents these organizations 

procescr'd L::ur î‘.almon for sale in the Far East and Siberia. 

bulletin of the Board of Control of Fisheries and the State Fishing Industry 

/9/ 

industry began to undergo modification also in its 

According to the 

* Central Union of Consumers' Societies -  Transi.  
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TABLE 3. Catches of Pink Salmon in the Amur Basin in the Period 1902-1940 1  

• 
• - 1992 4,80 . 

	

- 	C0mbined  catches  
1903 	 2,13 

1904 	• 	. • 	1.'  J10  LI LA o 6 -Le it IllICHIA 	 3,46 

1905 	 "• . 	2,34 

1905 	- 	 5,61 

1907 	1,35 	18,9., 	0,07 	1,0 	•1,12 

1908 	4,57 	50,3 	0,03 	0,3 	4,60 

11109 	• 	2,55 	• 33,8 	0.40 	5,5 	2,95 

. 1910 	7,50 	b,7 	0,20 	•• 2,0 	7,70 

1911 	3,52 	49,4 	' 	• 	0,34 . 	4,6 	3,86 
1912 ‘ 	0,71 	73,0 	• • 	0,82 	6,9 	. 	7,53 
1913 	7,21 	101,6 	0,26 	. 	3,0 	. 	7,47 

1914 	14,40 	• 	158,3 	- 0,13 	1,6' 	• 14,53 
'1915 	0,86 	• 	12,0 	0,13 	. 	1,8 	. • 0.99 

• 1916 	8,22 	90,7 	• 	1,02 	. 10.9 	9,24 

1917 	. 	0,52 	• 7,3 	0,01 	0,5 	0,56 
1918 	- 	- 13,30 	146,0 	1,58 	-- 17,7 ' 	14,88 
1919 	0.39 	5,5 	0.03 	0,4 	0,12 

1920 	11,90 	• 131,0 	0,10 	1,0 	12,00 

• 1921 • 	0.19 	2,6 	0.01 	0,2 	0,20 
1 An ■-■ 	 8.85 97,8 	0.12 	1,2 	9,00 .,,,... 
1923 . 	0,13 	1.8, 	0,01 • 	0,1 	0,14 

1924 	10,95- 	120,6 	1,97 	21,5 	12,92 
1926 	-- 	- 	 - 	- 	- 

1996 	14.64 	161.3 	2,51 	27,3 	'17,15 
1927 	0.19 	2,7 	 - 	-- 	' 	0,19 

. 1928 	. . 11,92 	123,1 • 	6, 92 	68,1' 	17,84 

1929 • 	-- 	- 	 - 	- 	. - 
1930 	8,15 - 89,3 	1.51 	17,0 	9.66 

19').1 	0.24 	• . 4.8 	0,01 	0.1 	0.35 

1932 	8.r?'1 	90,2 	" " • ' 	1,87 	20.7 	10.08 

19$3 	. 0.11 	1,5 	042 	• 	5.9 • 	0.53 

• 1934 	5.75 	63.3 	3,61 	. 	39,7 	9,35 

1935 	0.23 	3.9 	0.31 	4.3 - 	0.99 

1935 	2.73 . 	.30.1 	2.33 	25.5 	5,03 

1937 	0.45 	6.3 	' 	1.19 	16,7 	1.94 

1938 	• 	6.35 	700 	5.42 	69,6 	-11,73 

1939 	3.07 	43.0 	2 n3 ' 	33.4 	5,60 

1940 	3,32 	36,5 	0.50 	5,5 	• 3,82 

' Catches  from 1902 to 1906 taken from Geineman (1911), from 1907 to 1922 
from Aleksin (1923), from 1923 to 1933 from.  the statistics of Darrybvod, 
from 1934 to 1940 from the statistics of the Lower Amur and North Sakhalin 
Fisheries Trusts (from 1902 to 1933 for the Nikolaevsk Commercial District, 
from 1934 to 1939 catches at the De-Kastri, Ayana, Kolt and Cape Petrovskaya 
fisheries and the Chkalov fish factory are excluded). 	The catches of the 
Sakhalin fisheries from 1933 to 1940 include catches of the south-west and 
east coasts of Sakhalin. 

(4) Thousands of IOEY; (I) Years (2) Amur fisheries 	(3) Millions of fish 
centners (5) Sakhalin fistkeries 	( 6 ) Total 
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(1923, 1To. 9), by 191S in the region of _•Tikolaevsk and above the use of

barriers was replaced almost everywhere by seinin^;, and in the Sound only

eight of the original 16 barriers still remained. The intensive development

of seining in the lower reaches of the River :'^rur and in Amur Sound led

to the establishment of fisheries there by Russian capitalists.

The Japanese intervention caused much damage to the Russian fishing

industry. In the course of three years (1920-1922) nearly all the best

equipped and most soundly organized fisheries located. below Nikolaevsk were

burned or razed to the ground (Navozov-Lavrov, 1927). The Ozerpakha Fish

Preserving Factory was completely destroyed (Tl'in, 1.927) and many of the

villages with all their fishing equipment were burned.

Having obtained from Kolchak's government in Omsk an extension to the

convention in 1919 the Japanese continued to exploit the fishery sectors

although they no longer pa.id for their hire (?{osakov, 1924). In 1922 in

Nikolaevsk District they occupied 85 of the 101 fishery sectors still rrorking

(Gruzdovskii, 1925). In 1920-1922 the Nikolaevsk District once again was

working almost entirely for the Japanese market: 91.2 '` of the salmon catch

was exported to Japan leaving only 8.8 ;, for the Russian market (Kozakov, 1923).

Pink salmon fishing by the Japanese continued no less intensively than

before: the number of barriers was increased by the occupying Japanese to 31

(Ekonom. Zhizn' Dal'nego Vostoka, 1924, No. V15). The pink salmon catches,

which remained extremely small in 1919 and 1921 (on the avérage 300 000 fish,

or 4 000 centners, were caught annually), were higli in the even years -- not

less than 10 million fish or about 115 000 centners per annum (Table 3).

The years of the First '',`orld and Civil were thus characterized

by the hi:,,°h intensification of pink salmon fishing on the Amur. During this

period, in the even years, the catches of pink salmon averaged about 45 / . + of
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the catches of the summer and autumn chum, i.e., they were almost twice as 

high as in the pre-war years. As a result of the sharp and considerable 

fluctuations in the numbers of spawning stocks of pink salmon during these 

years the mean catch of this fish in the even years was  11.9. million (about 

130 000 centners) but only 0.5 million fish (about 7 000 centners) in odd 

years. 

2. THE SOVIET PERIOD 

• A. The Period Before the Second World Uhl' (1913-140) 

With the establishment of Soviet rule in the Far Eastern Territory the 

fishing industry was not nationalized. Only the waters themselves were taken 

111, 

	

	
over by the State. The fishery buildings, the equipment and the fishing fleet 

remained in private bands as before. 

On the Amur 1923 was  the year of rebirth of the Russian fisheries. In 	/11/ 

the lower Amur fishing district only 41 peasant and 28 capitalist fisheries 

were working (Kavozov-Lavrov, 1927). 	Temporary makeshift buildings were put 

up quickly for processing the fish. The Japanese entrepreneurs had lost their 

access to commercial salmon fishing on the Amur. At the beginning of 1923 the 

first state-owned fishing enterprise (Dallgosrybprom) was established. For 

the State to exert its influence on the fishing industry and also in order to - 

obtain funds, a joint-stock company ras established by Dallgosrybprom in con-

junction with the "Lyuri" Trading Company in four sectors of the lower reaches 

of the River Amur (Andrianov, 1924). 

In 1929 in 7iko1aevsk District there were only 18 fishery sectors including 

those in 	Amur Sound part of Sakhalin; the largest  salon  fisheries  in 

this region were entirely in the hands of State and cooperative organizations. 
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Most of the salmon was salted for the Russian market but some was exported in 

the fresh-frozen form abroad (Rediko, 1929). 

Industrialization of the Far Eastern Territory, which began in 1929, 

• rought a new influx of population into the Amur valley. According to figures 

obtained by the Khabarovsk Provincial statistical department the population of 

the largest industrial centre on the Amur, the town of Komsomollsk, was 70 800 

in 1939, i.e. seven years after the town started to be built. 	The population 

of Nikolaevsk-on-Amur increased from 5 100 in 1923 (Lagutin, 1926) to 17 000 

in 1939. 

The Lower Amur State Fisheries Trust, with a system of fish factories and 

depots, located chiefly along the continental shore of Amur Sound and in 

the main channel of the Amur River, was created in 1932. Together with the 

creation of fishery collectives, this event led to a further influx of the 

rural population. From 1926 to 1939, according to figures of the statistical 

department, it increased in the Lower Amur District by three times, in UlIchskoi 

District by 4.6 times, and in the P. Osipenko . District by 4.8 times. 	The 

increase in population naturally meant an increase in salmon fishing for local 

consumption, with a consequent and considerable intensification of the industry. 

The Soviet pre-war period of the pink salmon fishing industry was similar 

in character to the preceding period (1914-1922), i.e., it was marked by high 

catches of year-classee 

in odd years, except in 1939. The pink salmon stocks of odd year-classesin 

1923-1937 were so exhausted that after 1925 commercial pink salmon fishing in 

the Amur basin in odd years was prohibited for a period of eight years. Only 

the local indigenous population (Arctic peoples) had the right to fish and only 

on a scale necessary for their personal requirements and for feding their 

haulage dogs. Catches of pink salmon of odd year-classes with this limitation 

n even years and extremely low catches of year-classes 
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on the industry, averaged only 0.3 million fish (about 4 000 centners). 

Pink salmon fishing in this period was based on year-classes of even years. 

In the lower reaches of the River AMU' and in 	Amur Sound, together with 

the north-west coast of Sakhalin I the mean'annual catch of pink salmon in even 

years was 13.5 million fish (about 148 000 centners). The commercial impor-

tance of the pink salmon, compared with the Amur summer and autumn chum, as 

before was considerable: the mean annual catches in even years were (by 

weight) about 38 c; in the period 1923-1932, i.e., more than one-third
1 . 

/12/ B. The Period  of the Second World Wax (1941-1945) 

The Second World War presented the fishing industry of the Amur basin 

with an extremely important task: despite the difficulties of wartime, to 

increase the catch of fish in every possible way. From the second half of 

1941 until the end of the war the whole activity of the fishing industry was 

reorganized to suit the conditions and requirements of wartime. 

Salmon fishing was carried out not only by the State (Goslov) and col-

lective (Kolkhoz) sectors. 	Because of the economic difficulties, the system 

of "fishing by auxiliary suppliers" -- various institutions and organizations -- 

achieved considerable popularity.. It was carried out chiefly in the main 

channel of the Amur, where it was almost the only method used, accounting for 

95 of the total catch of pink salmon in odd years, i.e., years of poor catches. 

The catches of pink salmon of odd year-classegiere at least as high as in the 

1920s-1930s, with a mean annual value of 1.2 million fish (or 16 000 centners) 

(Table 4). The catches of even year-classŒof pink salmon, however, were 

111, 	 1.From 1953 to 1939, because of the absence of appropriate figures, the 
pink salmon catch on the south-west and east coasts of Sakhalin was included 
in that for Rybnovsk District:' 
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only half the pre-war level, averagang about 6 million fish per annum (or

69 000 centners) for the Amur basin together with the north-west coast of

Sakhalin.

The figures given in Table 5 demonstrate the decrease in pink salmon

yields during wartime years (with an increase in the quantity of fishing

equipment).

Despite intensification of the industry, the pink salmon catches thus

showed no increase in warti,me

C . The Post-:77ax Period (1946-1965)

The post-wax period in the pink salmon fishing industry on the Amur can

be divided into two stages. The first stage (1946-1952) is maxked by high

catches with all forms of equipment which cc«ld be got ready.for fishing,

although numerically speaking the amount of equipment was less than in 1941-

19441• The second stage, starting in 1953iis one of prohibition or limitation

of pink salmon fishing in odd years and also, as a rule, some limitation of

the catch in even yeaxs. 'During years of prohibition of the industry usually

barriers, sometimes trap nets, were used in Amur Sound as a device for

monitoring the catch. On the right coast of the Sound, starting in 1957 test

fishing has been carried out by the Aleevskii barrier situated 6 km to the

south-west of Cape Pronge; on the left coast of Amur Sound, near Cape Tabakh,

the Chardbakhskii test barrier has been in operation. Test pink salmon fishing

has also been carried out in one of the spawning rivers of the Amur basin -- the

River Amgun'; a drag seine was•in operation there from 1948 to 1955 and a drift

net from 1961 to 1967.

lIn 1946, 1948 and 1950 the number of barriers in waters of the Lower Amur
Trust was 43-61, together with 25-29 trap nets and 72-81 drag seines.
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TABLE 4. Catches of Pink Salmon in the Amur  Basin inthe Period 1941-1965 1 	/13/ 
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1911 	12,8 	99,2 , 	0,1 	0,8 	1,00 	12,9 	0,51 . 6,6 	1,51 	19,5 
1942 	77.5 	17,2 	2,5 	0,96 	-76,6 	. 1,13 	12,4 	.8,09 	89,0 
19-13 	117 	,6 	4,2 	26,4 	1,1,4 	15,9 	0,24 	• -3,3 	1,38 	19,2 
1944 	33,4 	74,8 	11,9 	25,2 	3,64 	4-7,3 	0,71 	-7,7 	4,35 	55,0 
1945 	4,5 	52,9 	4,0 	47.1 	0,71 	8,5 	0,08 	• 1,0 . 059 	9,5 

. 1946 	,19,2 	0:1,3. 	17,4 	10,7 	5.59 	50,6 	0.49 	5,4 	5,58 	62,0 
• .1947 	4,5 	52,3 	4,1 • -17,7 	0,61 . 	8,6 	0,13 - 	1,8 	0,74 	10,4 

1948 	93,6 	80,7 	22,1 	19,3 	9,67 . 116,0 	. 1,14 	12,5 10,81 	128,5 
•• .1949 	4,3 	63,3 	2.5 	36,7 	0,57 	6.8 	0,74 	• Î.3,9 	1,31 	15,7 
• 1950 	8,0 	69,0 	3,6 	31,0 	0,83 	11,6 	0,06 	0,9 	0,89 	12,5 
• 1951 	6.7 	48,8 	. 7.0 	51,2 	1,05 	13,7 	0,71 	9,3 	1,76 ,23,0 
1952 	6,7 	93.0 	0,5 . 7,0 	0,43 	7,2 	0,13 	1,9 	0,61 	9,1 
1953 	7,6 	93,7 	0,1 	1,3 ' . 0,59 	, 7,7 	0,07 	0,9 	0,66 	8,6 
1954 	1,1 	91,7 	0,1 	8,3 	0,09 	• 1,2 • 	0,15 	2,3 	0,24 	3,5 
1955 	3,3 100,0 	. 7.7 	0,21 " 	3,3 	0,05 • 	0,7 	0,26 	4,0 
1956 	9,0 100,0 	-- 	0,64 	9,0 	1.43 	20.0 	2,07 . 29,0 
1957 • 4,4 100,0 	- 	0,29 	4,4 	0,04 	0,6 	0,33 	5,0 
1958 60,0 	85,7 	10,0 	14„3 .  7,00 	70,0 	2,00 	20,0 . 9,60 	90,0 
1959 	51 160,0 • -7- 	- 	0,36 	5,7 	0,14 	• - 2,3 • 0,50 	8,0 

.1960 	22,8 	71„5 	11,1 	28,5 	2,15 	31,9 	0.14 	1,7 • 2,59 	33,6 
• 

 
:19(11 	0,7 	87,5 	0,1 	L,5 	0,53 	.0;8 	0,08 	1,4 	0,13 	2,2 

1962 	4,1 	78,8 	1,1 	21,2 . 0,29 	5,2 	0,02 	0,3 	0,31 	5,5 
1 963 	6,6 	95,6 	0,3 	'1,4 	0,33 	8,9 	8,03 	1,8 	0,47 	8,3 
1961. 	5,63  97,5 	0,1 2 	2,5 . 	5,72  0,033 	0.53  0,353 	6,23  
1965 	4,22  95,5 	0,22 	45 0,262 	4,42  Q,24 3 	2,52  o,5Œ1 . 	6,9 2  

• - 

KEY: (1) Years (2) Enterprises of the Lower Amur Fisheries Trust (3) Con- 
tinental shore and lower reaches of the Amur (4) Main channel of the 
Amur above Nikolaevsk (5) Total for the Amur (6) North-west coast of 
'Sakhalin (7) Thousands of centners (8) Millions of fish 

1Before 1948 catches were converted from weight to numbers as in Table 3, 
but from 1948 to 1965 the conversion'waS done allowing for  the me.an. weight of 
a pink salmon for each year separately. 	- _ 

.The following enterprises are engaged in fishing  on the  continental shore 
of  Mur Sound and lower reaches Of the Amuri -Baidakov island, Puir„ Oz_erpakh, 
Tneivakh, Chnyrrakh, N. Pronge,- Dznaore,..and Cape:Èazarev, Fish in the main 
channel of the Amur are caught by employees of four fish factories situated in 
Orelt-Chlya, Tyr', Solontsy and Marinsk. The north-west coast of Sakhalin 
includes catches obtained in 	Amur Sound_ and landed at the fisheries  of 
the Rybnovsk Fisheries Combine and further south (in Tangi), and also the Lyugi 
fi.shery  situated to the north of 	Amur Sound, in the Gulf of Sakhalin. . 	. 

2Fishing prohibited (catches by test fishing equipment only).. 

3Fishing restricted. 
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TABLE 5. Quantity of Salmon Fishing Equipment and Catch of Pink Salmon by 
the Lower Amur Trust in 1941-1944 

Opysmn mum 	I 	19.11 
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. 5 Catch, thousands of centners 

	

* 191 2 	I 	1913 	I, « 	1914 

	

1ÔI 	13ti 	102.  

	

33$ 	,438 	195 
50 	45 	. 	55 	117 

13,1 	74,3 	18,9 	48,4 

Before the introduction of prohibition, i.e., in the period from 1946 to 

1952, the mean catch of pink salmon in the Amur basin, together with the north-

west coast of Sakhalin, averaged 16 000 Centners or about 1.2 millibn fish in 

odd years and 52 300 centners, or about 4.4 million fish, in even years. The 

comparatively high mean catch . of .pink salmon in the even years of this period 

was due entirely to the large year-class  of upstream migrants in 1948. • 

The removal of relatively large numbers of fish from the reduced pink 

salmon stocks of the odd year_eiassesalong the migration routes from year to 

year diminished the size of these stocks still further and did not leave a 	/14/ 

spawning ground for a sufficiently large number of brood stock to replenish 

the reserves. since  1955 fishing for Amur pink salmon of odd vear-classes  

has therefore been prohibited. 

After 1952 Japanese sea fishing for salmon began 	to develop inten- 

sively. Pink salmon of the Amur basin was  beingcaught in the southern part 

of the general area of distribution of these fish, to the south of latitude 

40°N, and pressure on the industry was particularly strong before 1958 (Kotoy, 

1957); later, however, it was limited by the Fishing Convention which is now 

in force. 	In 1953-1964 the mean catches of even vear-classes°f  pink salmon 

were about 28 000 centners or 2.4 million fish per annum. However, remembering 
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that catches of the pink salmon were limited in 1954,I956,_1958 and 1964, 

this figure as a reflection of the level of the pink salmon stocks must be 

regarded as rather on the low side. 

In the post-w period the mean annual catch of even Tyear-classes of pink 

salmon, despite considerable fluctuations in individual years (from 3 500 to 

120 800 centners) e has thus been about 38 000 centners -or 3.2 - million fish. 

110 
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II. POPULATION DYNAMICS 

As with other Pacific salmon the pink salmon population is not constant. 

It varies poth from year to year and also over longer periods. 

At the beginning of the 20th century, when commercial exploitation of the pink 
salmon 

stocks of the Amur was only just beginning, marked fluctuations or, to use the 

modern term, periodicity, was found in the catches: in even years more pink 

salmon were caught than in odd years (see Tables 1 and 3). Alternation of 

111, 	
weak and strong year-classes is also observed in the pink salmon 

(1) 	
in other fishing districts than the Amur basin: Primorle, Sakhalin, the west 

and east coasts of Kamchatka, the continental shore of the Sea of Okhotsk, and 

also the north-eastern part of the Pacific Ocean. 

Most investigators have explained the fluctuations in the pink salmon 

population in even and odd years by its two-year life cycle and have linked it 

with the effects of environmental conditions in the river. .Tikhii (1926), 

Pritchard (1938) and Pravdin (1940), for example, considered that these cyclic 

changes were caused by some sort of "catastrophe," causing death of one year- . 

class;besides this same cause, Soldatov (1938) also suggested overfishing of 

one .year-class. Davidson (1934) and Semko (1939) attributed these fluctuations 

on the one hand to environmental conditions affecting one year-class unfavour-

ably, and on the other hand to the effects of fishing 	Derzhavin (1930) and 

Kaganovskii (1949) rejected any effect of commercial fishing and recarded the 

cause of periodic fluctuations in the pink salmon population as environmental 
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conditions not yet explained. Nikol'skii (1952) suggested that sea and fresh-

water conditions have some effect on the occurrence of this biannual population

cycle. He considered that the "biannual cycle of the pink salmon population

is an adaptation connected with the specific pattern of food relationships in

the two successive year-classes in the sea" and that "this type of population

dynamics could be formed only as an adaptation to stable conditions of repro-

duction (spawning in areas of the channel with the fastest rates of flow and

with minimal deposition of silt), always ensuring a guaranteed minimum of

replenishment."

Birman and Levanidov (1953) also supported the theory of a biannual lifo

cycle of the pink salmon and explained this cycle by contradictions between

successive year-classes in the sea based on food supply, which "do not permit

the existence for any length of time in nature of the two successiv(Pink salmon

populations in equal or approximately equal numbers," on account of which one

year-class directly or indirectly limits the population of the other. This

theory was later confirmed by Birman (1954)•

Semko (1954) analysed the available facts and reached the opposite con-

clusion, to the effect that the pink salmon population as a rule is not limi-

ted by the food reserves in its feeding ground. Abramov (1954) likewise

finds no contradiction between the fish population and the food supply avail-

able in the sea and postulates that the most important factor in this case is

the abiotic conditions in the spawning grounds and biotic conditions (preda-

tors and competitors) in the rivers and sea. More recently Birman (1966),

recognising a strictly biannual life cycle of the pink salmon on the basis of

investigations of the sea, has explained this biannual cycle of strong

/16/

and weak year-classes also on account of biannual periods of fluctua-

tions of the Kuroshio, although he recognised that this periodicity is not
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entirely the result of the unilateral action of climatic conditions, but that 

it is also an inherent property of the pink salmon as a rule governing the 

dynamics of its stock. 

Another group of investigators does not consider that the age of the pink 

salmon is two years and consequently does not link the fluctuation in numbers 

of this species in even and odd years with this factor. Monastyrskii 

(1952), for example, who accepts the heterogeneous nature of individual year- 

classes of the  -pink salmon, considers that this cyole results from the alternation 

of abundant and sparse year:-classes depending chiefly on the conditions of 

reproduction. Vedenskii (1954) explained the existence of the biannual cycle 

on the grounds that the age of the pink salmon is four years and that the food 

supply in the sea is inadequate, whereas Lapin (1963) regards the segregation 

of the single stock in time, because of differences in the time of maturing 

of individual fish, as the cause of the appearance and disappearance of the 

two-year cycle. 

A characteristic feature of the two-year cycle is an increase in the 

amplitude of the fluctuations in catches during periods of most intensive 

fishing activity. On the Amur this was observed in the period from 1914 to 

1935. In Consecutiveyears the amplitude of these fluctuations amounted to 

1: 64 (for 1922-1923). 

Besides the two-year cycle, Kuznetsov (1923), Smirnov (1947) and others 

have described alternation of pink salmon catches in four-year periods, al-

though they do not discuss the reasons for this phenomenon. Yikorskii (1954) 

also notes a less clearly defined ten-year cycle for the pink salmon. In the 

Amur basin the largest spawning migrations of the pink salmon were observed in 

1928, 1938 and 1948, and Birman (1955) attributes this phenomenon to the 

influence of maxima of solar activity. Particularly abundant pink salmon 
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migrations also were repeated in 1958. 

The pink salmon population also varies over longer periods, which 

Kaganovskii (1949) explains by climatic factors:. by cooling or warming of 

the waters in the northern part of the Pacific Ocean. Besides the fluctua-

tions in the pink salmon population annually and over longer periods already 

mentioned, cases have been reportedwtere the salmon migrations in consecutive 

years were about equal in number. This happened.on the Amur in 1912-1913, 

in 1939-1940, for the five years from 1949 to 1953, in 1959-1960 and in 1961-

1962. The fluctuations in the pink salmon populatiCn are thus varied in 

character and sometimes they may be absent. 

The most typical of all the examples given are the biannual fluctuations /17/ 

in the pink salmon population. The "catastrophe" theory does not satisfac- 

torily explain their appearance, for it is unlikely that such catastrophes 

would take place in all areas where the pink salmon is found. The theory 

that commercial fishing is solely responsible, by depleting the stocks of one 

year-class, likewise cannot be justified for fluctuations in the pink salmon 

population in even and odd years occurred before the beginning of industrial 

exploitation. The biannual cycle likewise cannot be explained by the condi-

tions of breeding of the pink salmon, for in different years they may be 

sometimes favourable, sometimes unfavourable, yet as a rule the dominance of 

one year-class rernains constant. 

If neither commercial fishing nor the conditions under which the pink 

salmon spends the river period of its life are responsible for the biannual 

fluctuations in its population, the explanation can only be sought in the 

conditions of life of the fish during its period in the sea. Two possible 

lines of research have so far been followed: 

a) the study of conflict between consecutive (non-mixing) year-classes 
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the basis of food supply; 

b) the study of the age structure of the stock and acceptance of the 

segregation of individual spawning populations on account of differences in 

the time when individual fish mature. 

Uhich of these two explanations will provide a true and complete answer 

to the biannual cycle of the pink salmon, or whether some completely different 

explanation will be required, only time will show. At present, however, all 

that is known for certain is that. this phenomenon, as Kaganovskii (1949) 

rightly stated, is a rule characteristic of the pink salmon as a species, and 

-an adaptive property responsible for rapidity of maturing, the rapid rate of 

renewal of the spawning stocks, and its numerical predominance over other 

species of the genus Oncorhynchus  (Birman and Levanidov, 1953). 
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Fig. 1. Dynamics of the pink salmon catch in the Amur basin. Catches in 
even years: 1) commercial, 2) with test barriers; catches in odd years: 
3) commercial, 4) with test barriers. 

Key: (1) catch, millions of fish (2) catch with test barriers, thousands of 
fish 

Catches of pink salmon of even arp year-classes(FiE• 1 ), despite the sh  

and considerable fluctuations over a period of 64 years and the depression in 

1950-1954, have always exceeded in size the catches of pink salmon of odd 



- 25 - 

year-classesexcept in 1965, as will be specially discussed below. For the 

Amur pink salmon, unlike this species in other commercial fishing districts 

of the Far East, a constant biannual cycle with no deviation from the alterna-

tions of abundance of spawning migrations in even and odd years, is thus a 

characteristic feature. 
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III. THE SPAWNING STOCK 

• 

1. The Spawning Area 

As a result of many years of research I.I. Kuznetsov defined the extent ' 

and the state of the spawning grounds of the pink salmon in the Amur basin 

and added to the earlier information given byEl•azhnikov(1900) and Soldatov 

(1912) on the upper limit of its spawning area. This information was augmented 

and some of its details filled in as a result of later work by expeditions of 

the Amurrybvod organization and of the Amguni .station of the Amur Division of 

TINRO. 

The spawning area of the pink salmon (Fig. 2) occupieè the basin of the 

Lower Amur and 	Amur Sound. It includes 39 rivers, 24 of them tributaries 

of the Amur itself, eight feeding lakes communicating with the main channel, 

and seven entering 	Amur Sound. 

Before 1910-1912 the pink salffion settled in large numbers in many of the 

rivers of the Amur basin. It was found in all rivers of Amur Sound and 

travelled upstream from the mouth for a diétance of 700 km, reaching the River 

Khungari, a tributary of the Amur on its right bank, regarded as the upper 

limit of its spawning area. After 1912 the density of occupation of the 

spawning area 	gradually diminished. Poor catches of pink salmon were 

first observed in the highest spawning tributaries of the Amur -- the Rivers 

Pisui, Y.achtovaya and Gorin. After 1918  migration of the pink salmon into 

the Rivers Gorin, Khalfbao and Yai almost completely ceased, and only a few 



- 27 -

pink salmon frequented the River Beshenaya. By 1921 c.omparatively small

migrations of pink.salmon were also observed in the Rivers Yai, r;rachtovaya

and Salasu, tributaries of Lake Udyll, and in the River Khilka. At the present

time the pink salmon is almost completely absent from the region of the upper-

most spawning grounds of the Amur =- in the Rivers Khungari, Gorin, Khallbao

and !l1achtova,ya. The upper limit of the present spawning area of the pink

salmon has now descended along the Amur for almost 200 km and large numbers

of pink salmon no longer ascend above the River Salasu.

The contraction of the spawning area of the pink salmon in the Amur basin

has taken place on account of a general decrease in the stock of the Amur pink

salmon due primarily to climatic causes (low winter snowfall). Another con-

tributory factor has been the rendering of certain spawning rivers useless for

this purpose because of human activity (settlement in certain districts).

Many rivers lost their spawning importance because of a fall in the water table
^^

as long ago as in the 1920s. For this reason the pink salmon has ceased or

almost ceased to visit small streams in the lower reaches of the Amur, the

estuary and Amur Sound: the Aksha, Kamora, Charrakh, Naleo and Lyangrovaya.

The general. diminution in the stock of the Amur pink salmon caused by

unfavourable climatic conditions and the consequent unusability of a certain

part of the spawning area has thus led to a contraction of the spawning stock

and to a narrowing of the spawning area of this species.

The sharp rise in the pink salmon population in certain years led to a

wider distribution of the fish in the main channel and the spawning tributaries.

In 1914, for instance, when the fish migrated in large numbers, good catches

were obtained above the village of Bogorodskii (240 lm from the mouth), whereas

in 1913, when there were very few pink salmon, hardly any were caught higher

than 150 km from the mouth (Tikhenko, 1915). In 1958, another year of parti-

cularly abundant migration, pink salmon ascended the Amur, as the statistics

/19/
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Fig. 2. Spawning area of the pink salmon of the Amur basin: 1) densely
populated spawning grounds, 2) thinly populated, 3) spawning grounds visited

by the pink salmon in the •past.

Key: (1) Gulf of Sakhalin (2) Amur Sound '(3) Sakhalin Island.

of Amurrybvod show, even beyond the River Khunôari to reach the River Anyui

810 km from the mouth. In 1958 the pink salmon ascended the main channel of /20/

the River x.m,;un' for a distance of nearly 550 1^11, i.e., more than 100 km

higher than usually; the fish spawned in the tributaries Usman, Merek and

Guginka, in which nobody had previously seen it. However, this did not

happen everyrrhere. In 1948, for example, despite an exceptionally abundant

migration of the pink salmon the region of its spread was restricted to the

lower reaches of the Amur: fish with sex products almost ripe in the Amur
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Sound could not ascend further along the Amur River because the high tempera- 

() 
tures stimulated their development, so that they were distributed among the 

lower tributaries, chiefly the Amgun'. 	The distribution of the pink salmon 

in the Amur basin, as these examples show, is not determined strictly by in-

stinct for its natal river. Occupation of the spawning area is thus an active 

method whereby the pink salmon adapts itself to the conditions of reproduction, 

depending on its numbers, 	the state of the spawning grounds and the physio- 

logical state of the migrating fish. 

2. Importance of Individual Rivers and Districts in Reproduction 

The relative importance of individual river systems in the natural repro-

duction of the pink salmon of the Amur basin will be examined with special 

reference to four districts: 

1. Rivers of the continental shore of 	Amur Sound (from north to 

south) -- the Lyangrovaya, Charrakh, Khuzy, My, Uarke, Tynd and Chomi. 

2. The rivers of the Amur estuary (from below upward) along the right 

bank: Naleo, Tarakanovka and Zubarevka, and along the left bank: Chardbakh, 

Vakkar, Praure, and Malaya and Bol'shaya Patkha. 

3. Tributaries of the Amur , (except the River Amgun') -- left bank: the 

Rivers Kamora and Lichi (near Nikolaevsk) and the River Ul, flowing into Lake 

Orel', connected with the Amur by a channel; next, the Rivers Bichi, Bitki and 

Pirda in the basin of Lake Udyll, connected with the Amur by the Ukhtinskaya 

channel, into which flows the River Uta, and much higher still, the Rivers 

Limuri, Pisui, Kharbao and Gorin; tributaries on the right bank: the Rivers 

1 	 .1 	.2 Aksha, Khilka, Gera, and Krivaya and Pryamaya Kenzha, Uki , Ai , Bystraya, 

1Flows into the Lake of the corresponding name. 
2Flows into Lake Kizi. 

o 
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Beshenaya, Salasu, Ui clii, Tuchanka (Kurgu vtoraya), rachtovaya (Tudur) and 

Khungari. 

4. The basin of the River Amgunl, which occupies a particularly important 

place in the syètem of the spawning rivers. The River Amen& flows into the 

Amur on the left bank 145 km from its mouth. In the lower course of the Amur 

it is the largest tributary, more than 900 km in length, and the main spawning 

ground for the pink salmon and the summer chum. It receives several major 

tributaries, essentially large rivers, reaching 150-300 km or more in length. 

The total length of all the spawning channels exceeds 2 000 km. From below 

upward they are arranged in the following order: Samnya, Nizhnyaya Uda, 

Verkhnyaya Uda, Lyusa l  Nizhnyaya Barza, Verkhnyaya Ballza, 1.m,-Nizhnyaya Balda, 

Verkhnyaya Balda, 	Gorbylyak, Verkhnii Gorbylyak, Omelldin, Dimitin, 

Yimelen, Kilan, Duki, Egogna and Gerbi. 	The River Gerbi joins the Amgun' 

approximately 900 km from its mouth. 	Consequently, the pink salmon ascends 

further along the Amgunl than along the Amur. 

Statistics obtained by the observer check points of Dal'ryba and the 

fisheries improvement stations of Amurrybvod furnish the basis for determina-

tion of the relative importance of individual rivers and districts in the 

reproduction of the pink salmon. . The former, 13 in number, functioned in 

the pre-war period from 1925 to 1941; the latter, numbering six, have func- 

tioned since 1949. Since counting the number of salmon in the spawning rivers 

was interrupted during the years of the Sècond Fond  War and since the post-

war period differed from the pro-vrai'  period in the considerable contraction 

of the pink salmon stock, I  decided to examine this problem for two distinct 

periods of time: pre-war (1925-1941) and post-war (1949 - 1965). 

One of the disadvantaes of statistics for the number of pink salmon 

entering the spawning rivers is the fact that more or less regular observations 
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have been made only in a few rivers (Khuzy, 2:W, Chomi, TTaleo, U1, Beshenaya,

Samnya and. Im), and elsewhere only fragmentary information is.available for

the other rivers covering from one to five seasons. Another disadvantage of

these statistics is that there is no indication of how complete was the count-

ing of the spawners the work could have been late starting or could

have finished before the end of the spawning migration; the counting fence

could have been temporarily out of action because of damage by the high flood

water).

These disadvantages are counterbalanced, however, by the fact that com-

paxatively regular observations were made on the principal spawning rivers of

the pink salmon and, knowing the approximate ratio between the pink salmon

numbers in adjacent rivers in the same year, it was easy to detect any

underestimate of the number of spawners,

Since Levanidov (1964.a) did not give the calculations by which he obtained

the numbers of pink salmon in the rivers of Amur Sound, I shall discuss

this problem in more detail as original material for the other districts also.

The starting point for my calculations for the rivers of Amur Sound was

the determination of the ratio between the numbers of pink salmon visiting all

the test rivers in the same year., For even year-classe"* was 1938, when

1 66& 000 fish visited the principal rivers of Amur Sound (excluding the

Charrakh, where no observations were made, and the Uarke, which according to

I.T. ICuznetsov, has always been visited by only a few pink salmon). Taking

this figure as 100 I obtained the ratio between the numbers of the pink

salmon stocks for the Rivers LyanbTrovaya, Khuzy, 17y, 2^rmi and. Chomi (in

of 10, 30, 39, 4 and 17 respectively (Table 6). Subsequently these percen-

tages were converted only for years with a corresponding abundance of pink

salmon migrating into the spayining rivers (in this case a check was provided
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by the statistics for catches, see Table 3) and the numbers of the pink salmon 

stocks were determined in those rivers where no counting was carried out (given 

separately in the table). 

For the much lower numbers of the pink salmon in the year-classese the 

even years (1934 and 1936) the ratio' between the numbers of the stocks in the 

rivers of 	Amur Sound was rather different: 7, 21, 51, 4 and 17; towards 

the left shoreof 	Amur Sound (River Lyangrovaya) and into the right-bank 

river closest to the mouth of the Amur (River Khuzy) relatively fewer pink 

salmon penetrated because of increased migrations of the species into the 

River My. 

For the odd years in the period 1925-1935 the number of pink salmon of 

these year-class-was very low, much higher in 1937, and in 1939 and 1941 
es 

unusually high for oddyear-classes  As in the previous example, so also in 

this case the relative importance of the individual rivers was determined • 

initially for two periods, 1937 being classed as a year with a low number of 

this fish. The figures for the number of pink salmon migrating into the /22/ 

rivers of 	Amur Sound in 1925 were taken as the starting point for this 

period, making appropriate corrections for incomplete counting depending on . 

the mean for several years. The ratio between the numbers of the pink salmon 

stocks for the same rivers in years of low numbers was 2, 25, 51, 4 and 18, 

but in 1939 and 1941 the number of pink salmon migrating into the Rivers 

Lyangrovaya and Tymi were taken as 14 %, just as with the abundant year7-classes 

of even years (see Table 6). It will be clear from the figures given in this 

table that the most important of the spawning rivers of the continental shore 

of 	Amur Sound for reproduction of the pink salmon stocks were the Khuzy, 

My and Chomi; moreover, the River Ly accounted on the average for about .35 

Amur Sound. 	The contribution of the spawning stocks of the pink salmon of 
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of the other rivers was comparatively small, only 12-15 jô of the total number

of pink salmon entering the rivers of this region.

The relative numbers of pink salmon entering the rivers of Amur Sound

differed from year to year. The role of the River biy in reproduction of the

pink salmon was inversely proportional to the abundance of the spawning

stock entering the Sound; in odd years, especially years when the odd year-

classe^vrere present in very large numbers, the importance of the southernmost

river entering the Sound -- the Chomi -- in pink salmon reproduction increased;

this can be explained by the approach to this neighbourhood of pink salmon

belonging to the maritime stock, with a cycle opposite to that of the Amur

pink salmon; the contribution of the left- shore. tributaries of Amur Sound

(the Lyangrovaya and also, evidently, the Charrakh) reached 8-10 % only in

years of the largest spawning migrations and the figure fell to 2 jo when the

spawning migrations were small.

The mean numbers of the spawning stocks of pink salmon in the /23/

rivers of the continental shore of Amur Sound in even years was 1 500 000

and in odd years 350 000 fish with fluctuations in years of low and high

stocks betvreen 16 000 and 2 606 000 fish.

In the past the pink salmon gntered all rivers of the Amur Estuary to

spawn. The importance of the rivers of the Estuary in the reproduction of

the Amur pink salmon was small compared with the rivers of the Sound. The

population of the spawning stocks of pink salmon in the largest river flowing

into the Estuary -- the Naleo, -- as the data in Table-7 show, averaged about

230 000 only until 1932 and later the number fell considerably. With this

fact in mind it can be postulated that in even years the total number of pink

salmon in all the rivers of the Amur Estuary averaged not more than 200 000

fish.
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TABLE 6. Numbers of Spawning Stocks of Pink Salmon in the Principal Rivers 
of 	Amur Sound.in 1925-1941 (thousands of fish) 
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TABLE 7. 	Numbers- • 	of Spawning Stocks of the Pink Salmon in the River 
Naleo in 1925-1937 (in thousands) 

KEY: (1) Even years (2) Number (5) Odd years (4) Mean 

KEY: 

In a third district, the sector from the town 

of the Amguni, even fewer pink salmon reproduced. 

the largest river, the Ul, where after 1952, as in  

of Nikolaevsk to the mouth 

ost of them (80 5')) entered 

the rivers of the Estuary, 
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in even years there was a marked decrease in the number of fish entering for 

spawning (Table 8). The mean pink salmon population in this sector in even 

years can be given roughly as 15 000. 

TABTR 8. Numbers 	of Spawning Stocks of Pink Salmon in the River Ul 
in 1930-1941 (in thousands of fish) 

14-  I 	1-1eTtibre roam 	1930 1932 1934 	1936 1938 1940 .Cpea.tiee 	% 
..4 Komptecrao 	13,1 39,3 	0,9 	3,9 12,1 	1,3 	11,7 	92 

Hem:Tame maw 	1931 1933 1935 	1937 1939 1941 C puttee I-1- % 
? 	KOalltleCTBO 	 0,1 	0,02 	1,2 	0,2 	4,1 	0,5 	1,0 	8 

KEY: (1) Even years (2) Number (3) Odd years (4) Mean 

The numbers of pink salmon entering the spawning rivers of this district 

were smallest in the sector above the mouth of the Amgun'. The pink salmon 

population here in odd years was negligible: the fish as a rule came only 

singly or at most a few dozen at a time. In the principal rivers of this 

sector in even years several thousand pink salmon were found, but after 1932 

• they were numbered only in hundreds (Table 9); the total number in all rivers 

was about 25 000 fish. 

TABLE 9. 	up bes of Spawning Stocks of Pink Salmon in the Rivers 
Beshenaya, Khilka and Kenzha in 1926-1940 (in thousands of fish) 

P e.KH  I 	1926 	1928 	1930 	1932 	1934 	1936 	1938 	1940 

. 
Eemellasi 2.- 	8,1 	2,9 	11,7 	0,4 	0,4 	0,03 	3,3 	' 0,03  
X !tau .3 ' . 	6,9 	31,0 	4,2 	_• 	__ 	__ 	__ 	__ 

Keraza 1....r 	0,2 	1,3 	— • — 	— 	— 	-- 	-- 

KEY: (1) Rivers (2) Beshenaya (3) Khilka (4) Kenzha 

On the whole the mean pink salmon population in the rivers of the third /24/ 

district can be estimated rouchly at 40 000 fish. 
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In the Amgun' basin the Rivers Samnya and Im were the most important for 

reproduction of the pink salmon (Table 10). However, the ratio between the 

pink salmon populations in them was by no means always the same: on the 

average many more salmon entered the River Samnya than the River Im. 

TABLE 10. NUmbera 	of Spawning Stocks of the Pink Salmon in the Rivers 
Samnya and Im in 1925-1941 (in thousands of fish) 

1 

	

 2. 	II 	 . 	 . 'le 	ro e,hi 
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1926 1'193 I 1930 I 1932 I 1931 	I 1u36 	193q  I 1910 • 
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WI Li- 	20 	e 	. .9 1 	01 . 	6,3 . 2,2 	35 	. 86 • 

• liettemte ron,m • 
1 .t ■72.7; 1 1027 1 1 -12)  1 1031 1 19.:3 	1935 1 1937 1 1939 1 1911  

Camita 3 	- - , - 3,6 21 31 127 
HM 	 0,03 	-- 	--• -- 	4,6 	17 	-- 

KEY: (1) Rivers (2) Even years (3) Samnya (4) Im (5) Odd years 

In years of high pink salmon stocks the mean population in the Rivers 

Samnya and Im was 400 000, while in years of small numbers of even year-classes 

(1936) and in odd years it was about 20 000 fish. Considering the area of 

the spawning grounds of the remaining rivers, the contribution of these two 

rivers to the total population of. pink salmon migrating into the River Amgun' 

in the first case can be taken as not less than 50 %, and in the second case 

as about 80 %. On this assumption, the mean size of the pink salmon stock 

in the River Amgun' in years of large spawning migrations was 800 000 fish 

and in years of small spawning migrations about 25 000 fish. If the pink 

salmon populations in the rivers of all spawning areas are compared the rela-

tive contribution of each of them to reproduction of the pink salmon in the 

Amur basin is obtained (in 	rivers of 	Amur Sound -- 59; rivers of 

the Amur Estuary -- eight; tributaries of the Amur -- 1.5; the basin of 

the River Amgun' -- 31.5. In the figures given it may be that the role of 



- 37 - 

rivers of the Estuary and the Amgun' are a little on the low side. For rivers 

of the Estuary this could be due to the large numbers of salmon caught in the 

spawning rivers near the town of Nikolaevsk, the most densely populated sector 

of the spawning area of the pink salmon. 	The considerable exploitation of 

this.fish on its migration pathways both in the Amur and in the Amgun', where 

the salmon fishing industry was not restricted until 1940, was undoubtedly 

reflected in the figures for pink salmon in the Amgunt basin. The role of the 

Amgun' in my calculations may also, perhaps, be exaggerated because of the in-

complete counting of the brood stock in the Rivers Samnya and 1m as a result of 

damage to the counting fences or delay in their installation because of severe 

floods which are a characteristic feature in the basin of this river. 

Last but not least among the rivers for reproduction of the pink salmon 

is the Iski, flowing into Schastlya Bay in the Sea of Okhotsk. Its basin 

borders on the Amur basin on the south and west and it shares the same climatic 

conditions. For this reason variations in the survival rate of the pink salmon 

in the River Iski were frequently identical with those of the Amur and it was 

considered formerly that the Iski pink salmonwas part of the Amur stock. Mith-

out going into this question of the stock to which the Iski pink salmon belongs 

I shall nevertheless examine the importance of this river in a district where, /25/ 

, as will be shown below, the territories of the pink salmon of the Amur and Sea 

of Okhotsk stocks are contiguous (Table 11). 

TABIE 11. 	Numbers 	of Spawning Stocks of Pink Salmon in the River Iski 
in 1950-1941 (in thousands of fish) 

	

. 	. 
Llerithre form 	1 	.1930 	1932 	1934 	1936 • 	1938 	' 1940 ' 
KO:111 140CTBO 2.... 	967 	511 	86 	117 	1000 	30 
IIezterttok! ro,-tu 3 	1931 	.1933 	1935 	1937 	1939 	1941 
KalliVICCT130 • 	3,8 	. 135 	349 	515 ' 	727 

KEY: (1) Even years (2) Number (5) Odd years 
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The figures given in Table 11 do not illustrate the mean pink salmon 

population in the River Iski in even and odd years because until 1937 con-

siderable migrations into this river were observed in even years, but after 

1939 the migrations became larger in odd years (Table 15). However, in the 

1930s the odd-year year-classee  howed a steady increase, so that in the course 

of a decade the population increased by more than 500 times. If the River 

Iski is included in the Amur system, its contribution before the change in 

its cycle would be about 18% of the migrating salmon population. The work 

of counting salmon migrating•into the spawning rivers was resumed in 1949 but 

only in six of the principal rivers for pink salmon reproduction: My, Ul, 

Beshenaya, Samva l  1m and Iski. 

Unstable climatic conditions have been a . characteristic feature of the 

Amur basin in the post-war years, and this has led to sharp fluctuations in the 

pink salmon population. The general contraction of its stocks, which became 

evident as long ago as in 1932 and has become particularly pronounced in the 

post-war period, as well as the contraction of the useful spawning area in some 

rivers in the lower reaches of the Amur, has been reflected in the distribution 

of the salmon over the spawning area. For instance, in odd years the rivers 

of the Estuary have lost their importance in salmon reproduction, and in even 

years their contribution relative to the rivers of 	Amur Sound has fallen 

from 11 to 1-2 %; in even years the pink salmon population in the River Ul 

was at the same level as the odd year-classes the pre-war period, except for 

the particularly abundant stocks migrating in 1956 and 1958; the tributaries 

of the Amur above the mouth of the Amguni have almost completely lost their 

importance for spawning in odd years;  the ratio  between the pink salmon popu-

lations in the principal rivers of the Amgun ,  basin has changed: the influx 

of the salmon into the River Samnya has decreased by several times compared 
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with the River 1m; the ratio between the spawning stocks of the pink salmon

in the two principal regions -- the rivers of Amur S ound . and the Auigun'

basin -- has changed considerably.

It would be technically incorrect to determine the mean pir.k salmon popu-

lation in even and odd years in the principal rivers of the Amur basin: the

numbers of the spawning stocks of the pink salmon in the River Tr.i, for example,

in 1952 and 1958 were in the ratio of 1: 230, and in 1955 and 1963 in the ratio

of 1: 2 500. In Tables 12 and 13, therefore, these figures are given relative

to the level of the salmon stocks.

TABLE 12. Numbex^ of Spawning Stocks of the Pink Salmon of Even
in 1950-1964 (in thousands of fish)

1C- •^.âs.Se^

(1)
(8)

19;:0 1 58
1452 37
1954 268
19r,0 7=/
1962 50
19G4 12,3

Cpe'rfll;e 10 99,9
% 57,7

1-1 Il 3 K il Si -

•2- Petclt
l'of1v1 31 1-t' 1:MLl Ya 111%,

0,6
0,6
1,3
7,8
0,3
0,02
1,si
,̂

.1))

S
Caasna ^ r,^uter;^7

Il Il CReIl Il OC Tb Il

26
17

163

011

12
13,6'
25,2'

2-1 0,1 208,7
3i 0,2 85,8
78 5,4 515,7
7.51 4,2 93,51
0,7' 0,3 51,41

15 0,4 39.7
26,0' 1,8 -
15,0' 1.05 _100

13b:cüI:1fl RHeJII'FIH'FIOCTb 1^

1956 861 -11 621 2 213 22 310.1'
812 69 3949 5370 12 102121.')5,U

Cpenilee 10 836 55 , 20061 3794 17 67031
12.5 0,8 0.0181 56,6 0,3 100

Years ( 2) Rivers (3) Yy (4) IIl ( 5) Im (6) Samnya (7) Beshenaya

Total ( 9) Small population ( 10) 'Mean ( 11) Large population

The data in Tables 12 and 13 show that in years of very great abundance

of the spawning stocks (1956 and 1958) about 80 of the pink salmon were dis-

tributed among the tributaries of the Amgun' and only about 20 jo' in the rivers

of Amur Sound; at times of average stocks (1963) the Amgun' spawning

grounds were leÛs densely populated: their contribution was about 45 ^ô of the

II
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TABLE 13. Numbers 	of Spawning Stocks of the Pink Salmon of Odd 
Year-Classesin 1949 -196 5 (in thousands.of fish) 

1-111-31ar, milc.ietillocTi., 	ci 
1949 	• 651 	2,0 . 	• 65 	18 	0,9 	736,9 
1951 	296 	• 0,4 	20 	13 	0,2 	329,6' 
1953 	91 	0,02 	14 . 	• 	2;1 	• 6,03 	101,4 . 
1955. 	13 	0,1. 	0,1 	4,2 1 	0,03 	. 	17,4 1  
1957 	17 	0,2' . 	0,03 	. 	3,7' 	0,2 	21,1 1  

. 1959 	106 	0,3 , 	, 	-- 	..-• 	0,2 	106,5' 
1961 	11 	- 	• 	- 	- 	0,05 	11,1 1  
1965 	6,7 	0,42 	140 	• 72 	0,06 	- '219,2 

	

'Cranec 1  ° 	Izt9,0 1 	• .0,49 1 	39,9 	- 18,9 1 	0,21 	-- 
% 	• 	i1,5' 	0,2' 	19,1. 	0,1' 	' 0,1 	100. 

Bbicoxas; q 'If C a e ti il o C T b 	ii 	\ 

1963 ,,i; 	0,06 	250 	, 190 	0,25 	776,3 
0/0 . 	43,3 	0,0 	32,2 	24,5 - 	0,0 	• 	100 
1 ytier licnoanbili. r:I- 

KEY: (1) Years (2) Rivers (3) My (4) Ul (5) 1m (6) Samnya (7) Beshenaya 
(8) Total (9) Small population (10) Mean (11) Large population 

• (12) Counting incomplete 

• 

() 	
pink salmon migrating into the Amur basin; in even years with small populations 

of pink salmon the contribution of the Amgunt spawning grounds was about 25 10 

of the stock,  whereas in odd years it was about 20 	These figures confirm 

once again that the distribution of the pink salmon over the spawning area in 

the Amur basin is directly dependent on the abundance - of its -Tear-classes. 

It would therefore be wrong to examine this problem with respect to even and 

odd year-classea)f salmon as was done by Levanidov (1965), for the fluctuations 

in the numbers of salmon migrating into the Amur during the last 15 years have 

not been regular in character. According to the data in the tables given 

above and appropriate calculations 1 , the relative importance of the individual 

spawning areas in reproduction of the pink salmon in the Amur basin in the post-

war period can be represented as follows (Table 14): 

'The contribution of the River My as a spawning ground in years of high 
abundance was 36 ,t of that of all rivers flowing into 	Amur Sound, in years 
of average abundance of the stocks it was 45 	and in poor years 52 	the 
contributions of the Rivers Samnya and lm compared with the total for the 
rivers of the Amguni basin was 50, 65 and 80 ;,respectively. • 
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TABLE 14. Distribution of the Pink Salmon Over the Spawning Area in the Amur /27/ 
Basin in the Period 1949-1965 (in e ) 

P a 	o u H 	
Oh - n i,  3a ii COIS l'Opoy LI:II • • 

cpe,:tuunli 
	

1111 3nuii 

--, 
PON 11 Juimana Amypa.,.... 	 20 	, 	51 	 78 • 

- 

Penn 3maplin n npIrronu Amypa 3 	 5 	 2 
. 

13acceibi p. Amrynb 	LI-- 	- 	 75 	. 	45 	 2.0 • 

KEY: (1) Districts (2) Rivers of 	Amur Sound (3) Rivers of the Estuary 
and tributaries of the Amur (4) Basin of the River Amgun' (5) Level 
of the pink salmon stocks (6) High (7) Average (8) Low 

If the sizes of the brood stocks migrating into the spawning rivers in 

odd years are compared the years 1949 and 1951 stand out as years in which 

89 % of the pink salmon stock migrating into all rivers of the Amgun' basin 

entered the River My; in the subsequent period, in years of small and also 

of comparatively large poiSulations, the number of pink sa1mon entering the 

River Vy averaged only 42 	It is interesting to note that in the pre-war 

period the contribution of the River My- asa spawning ground was 69 c; of  that 

of the Rivers Samnya and Im in odd years. This phenomenon is probably linked 

with the change in the cyclic fluctuations of the maritime pink salmon stocks 

in 1953-1954 (see Table 22), some of which migrate, as will be shown below, 

into the rivers of the south-western part of 	Amur Sound. 

In the course of a few decades a redistribution of the pink salmon within 

the spawning area  han  thus taken,place.. Gompared with the 1930s, as Levanidov 

(1962b) has also mentioned, this change has been expressed as a decrease in 

the relative importance of the southern tributaries of the Estuary and the 

small tributaries of the Amur from the mouth of the Amgun' to the upper limit 

of the spawning area, and as an increase in the relative importance of the 

Amgun' basin. 

Just as in the pre-war period it is impossible to determine the mean pink 
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populations for even and odd years in the River Iski, because

in the cyclic variations of its numbers (Table 15).

of the

TABLE 15. ?s:ean Annual Catch of Pink Salmon on the iTorth-','test Coast of the
Sea of Okhotsk and in the Amur Basin (in thousands of fish)

)'4er11CC c,arl:a^t:ae: t:e)

1 t;euop)
P. IlchFt (n, onyci; pv!6 ttcpea

hiec•ra aoRa i [' o n -hi 5 .
1929-1`.'36 1939-1951

^ yeTab:e f^Iie_4eTH6I.-I P i ^:crn^,^e I ttee ETHBIe_- "I_
Ha 2.Oxorctcnii p-Aonpcn:t,!c.qonttrt paisott (y.-ou

tc01tTponvt,o-
3•

8) o51utni y::on
LL

6) ynou noyx t:on•rponwniax sa(,sn!:oR t
nuatatte

bacccitll A\I\'q1

30 11 , 12 26

435 47 21 337•

5540. 490 5466 1550

354 86
.,^

kTY: (1) Site of catch (2) Okhotsk Fisheries District (catch per seine)

(3) River Iski (fish passing through counting fence) (q.) Amur basin:
a) total catch b) catch at two counting barriers in Amur Sound

(5) Years (6) Even (7) Odd

Judging from the cycles of the catches (Table 15) in the period 1929-

1951 most pink salmon in the River Iski were from the Sea of Okhotsk stock,

but later (Table 16, Fig. 3) most were from the Amur stock.

The similarity between the climatic conditions of the Iski and Amur

basins was evidently reflected in the abundance of the individual year-classes,

variations in the size of which in the River Iski in the post-vrar period were

similar to those of the pink salmon population in the rivers of the Amur basin.

TABLE 16. Number5 of Spavrning Stocks of the Pink Salmon in the River /28/

Iski in 1949-1963 (in thousands of fish)

'LIeTYÜC ror,w 19i.0 19fi2 1915-f 1S;;6 I958 1960 • 196) 2 1904

Y,o:ur;ccrro ''- 26 7S • 333 1344^ 1344 31 16 14

`rieu:c•ntt,te ro-an 3 NV9 1951 15,353 1955 1957 1959 19G1 196:I

ï(wr tce^r:o '- 275 221 41 24 32 22' 23 259•.

rcao,ut:,ii: Lt-

: (l) rven years (2) Number (3) Odd yearsIG^Y (4) Count:i.ng, incomplete
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Fig. 3. Yumber of pink salmon migrating into the River Iski and fluctuations 
in its catches in the Amur and off the north-west coast of the Sea of Okhotsk: 
1) Okhotsk, 2) Amur, 3) Iski -- even years; 4) Okhotsk, 5) Amur, 6) Iski -- 
odd years. 

Key: (1) North-west coast of Sea of Okhotsk, millions of fish (2) Amur basin, 
thousands of fish (3) River Iski, thousands of fish 

(7) 

3. Utilization of the Spawning Stock 

The general decline in the pink salmon stocks in the Amur basin which 

began in the 1940s is evidence that much of the spawning stock remained under-

utilized  fora quarter of a century. Failure of the fish to arrive year after 

year has resulted in the spoiling of many spawning grounds: they have become packed  

hard because of the deposition of small and very small particles of soil 

among the pebbles. 

The long-debated Question of whether.the reconstruction.of the redds in 

which the spawn is deposited by fish newly arrived at the spawning grounds 
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is harmful or useful for the reproduction of salmon in years of abundance has /29/ 

been decided by Levanidov (1964c) in favour of the conclusion drawn earlier by 

Smirnov (1947). 	"The beneficial effect of a large number of breeding salmon 

in the spawning grounds and of the high density of spawning," -- observes 

Levanidov, -- "lies in the repeated turning over of the soil, the widening of 

the spawning places, and the increased biological productivity . of spawning and . 

breOing waters by tfertilizing' of them with salmon dying after spawning." The 

improved soil structure in breeding grounds of the autumn chum, for example, 

after they have been dug over by salmon, persists for two or three years. As 

Levanidov emphasizes, overfilling the spawning grounds with brood stock does 

not lead to any decrease in the  number of progeny (compared with other year- 

classes;it is not therefore a factor regularly causing fluctuations in the 

numbers.of the population. 

Later Levanidov introduces the concept of "optimal filling of the spawning 

grounds," when the largest catches and the maximal occupancy of the spawning 

grounds are attained with a constant level of salmon stocks. Optimal filling 

of the spawning grounds for pink salmon of the Amur basin has been determined 

as 18-20 million fish. Since the intenâity of commercial exploitation of the 

Amur salmon in fresh waters, according to Levanidov (1964c), is about 50 %,of 

the spawning stock, the other -half must be made up of fish that have reached 

the spawning grounds. It must therefore be accepted that the present level 

of filling of the spawning grounds with pink salmon is much below the optimum. 
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IV. LOCAL  STOCKS 

 1. Histo/7 

The first indication that pink salMon belonging to different  stocks  were 

• 

being caught off the continental shore of the Tatar Straits and 	Amur Sound 

was given by Rubin (1931). He considered that differences in the character 

of small and abundant Year-  classœand in the size and weight of the pink salmon 

in these regions are an indication of these differences in stocks. 

The view expressed originally by Brazhnikov (1900) and supported by 

Soldatov (1912) and Pravdin (1932, 1940), that the pink salmon enters the Amur 

from the north, from the Sea of Okhotsk, most probably led many investigators 

to consider that the region of reproduction of the Amur pink salmon lies in 

Schastlya Bay, to the north of 	Amur Sound, into which the River Iski flows. 

In 1932, as a result of morphometric investigations of pink salmon caught • 

in the lower reaches of the River Amur and in adjacent sectors of 	Amur 

Sound and of the open sea (the west coast of Sakhalin, the south-west part of 

•Amur Sound near Cape Uarke, the Gulf of Sakhalin near Petrovskaya Spit, 

and Schast'ya Bay), I.F. Pravdin distinguished an Amur stock of pink salmon -- 

Oncorh7nchus gorbuscha natio amurensis nova. 

o  
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Thereafter the name Amur pink salmon was generally given not only to the

fish migrating into the tributaries of the Amur to reproduce, but also to the

salmon that reproduces in the rivers of Amur Sound and the River Iski.

One result of this situation was the all-year investigations conducted in

1937-1941 by TIMO on the River Iski to study the causes of fluctuations in

the stocks of Amur salmon.

!:lhen distinguishing between the stocks of Amur and West Kamchatka pink

salmon I.F. F-ravdin did not rule out the possibility of the existence of

smaller, independent local stocks within each of these main forms. N.V.

h1ilovidova-Dubrovskaya in 1933 compared the pink salmon of Frimorle (the

T'laritime Province; River Tumnin) and the Amur pink salmon (after Pravdin)

caught in Amur Sound (Cape Lazarev, Rivers Chor.ii and n,^y) and in the River

Iski with respect to a number of biological features but found no significant

biological differences between them. On the basis of having caught a pink

salmon at the mouth of the River Somon (10 km to the south of De-Kastri),

labelled on the coast of North Korea, A.M. Derzhavin (1933) suggested that

pink salmon of the maritime stock can migrate along the continental shore of

the Tatar Straits to the north as far as the region of De-Kastri Bay.

Intensive commercial exploitation and considerable cyclic and periodic

fluctuations in the population with a decrease in the over-all level of the

stocks of pink salmon in the Amur basin made it necessary to determine the

boundaries of the spawning area of the Amur pink salmon and whether this

species is attracted to particular spawning rivers within the limits of the

Amur fisheries district. However, no special research in this direction was

undertaken for 20 years although a number of hypotheses were put forward.

According to the records of Amurrybvod, for instance, I.I. T:uznetsov recarded

the pink salmon in the Rivers Iski and Chomi as belon,^:ing to different stocks,

/31/



- 47 - 

unconnected with the Amur pink salmon stock, on the basis of the considerable 

distance of these rivers from the Amur,and on that basis he considered that 

the waters of the Amur, 	Amur Sound and Schast'ya Bay are frequented by 

different stocks of pink salmon. 

According to statistics of the industry, I.B. Birman observed that the 

abundance of the pink salmon migrations off Cape Lazarev . and in De-Kastri Bay 

alternates in even and odd years just as in PrimorIe. He therefore suggested 

that the activities of the fishing enterprises of Cape Lazarev and De-Kastri 

are based largely on pink salmon of the Primorle stock and that this fish 

. frequents the rivers of the southern part of 	Amur Sound -- the Chomi and My. 

The hypothesis that Primorle salmon migrates into the southern part of 

Amur Sound, in the region of Cape Uarke, was also expressed by Kaganovskii 

(1949) on the basis of the catching of a pink salmon tagged on the east coast 

of Korea in this region and also of I.F. Pravdin's statement that in this . 

region, unlike in the more northern fishing grounds, migrations of pink salmon 

in even years were smaller than in odd years. Toward the middle of the present 

century certain facts thus suggested that pink salmon of the Primor'e stock 

frequent the Amur basin. 

I studied the composition of,the pink salmon stocks of the Amur fisheries 

district in 1950-1954 by comparing the morphological, morpho-biological and 

other features of the pink salmon from its principal spawning river in the 

Amur basin (the Amgunl) with the pink salmon from the south-western part of 

Amur Sound (River My, Capes Uarke and Lazarev), the Tatar Straits (De- 

Kastri Bay), Primorle (Datta Creek), and Schast'ya Bay in the Sea of Okhotsk 

(River Iski); this section consists largely of a description of the findings. 
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2. Method 

Pink salmon from the above-mentioned rivers and fishing districts Were 

compared with respect to fish of the same size, 45-46 cm long and usually 

aged 1+. Since even in the absence of breeding colour considerable sexual 

dimorphism was found in the pink salmon, only silvery coloured females, found 

in the spawning rivers at the beginning of the spawning migration, were used. 

In this way it was possible to compare material caught at sea, in 	Amur 

Sound and in the rivers. 

• The morphometric analysis included 28 features, seven of them meristic. 

•Features of the head, trunk and fins were studied; they were measured in the 

usual way. Ratios were calculated relative to the length of the body as the 

standard (using I.F. Pravdin's definition). 

The rate of growth was determined from the scale, under a magnification 

of 7 x 5, using an ocular-micrometer. Lea's formula was used for the back 

calculations. The calculated length of the fish as far as the outer border 

of the zone of narrowed sclerites was taken as the length of yearlings. 

The absolute fertility was calculated by a gravimetric method from 

samples of eggs weighing 20 g. 

The condition factor was determined by Fulton's formula, slightly modified: 

(Q - q) x 100 K = 	 where the weight of the gonads was excluded from the weight 
1 3  

of the fish as being too variable. The distinguishing feature of the method, 

enabling definite similarity or difference to be discovered between the pink 

salmon of the named rivers and fishing districts, was the choice of a homogeneous 

material excluding the influence of variation due to sex, size, breeding activity, 

and age. 

3. Factual  Uaterial  

/32/ 
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A. Uanhometrv 

From material obtained from Datta Creek and De-Kastri Bay we know (Enyutina, 

1955) that morphologically similar pink salmon reach these areas: the forms 

compared were identical with each other in 27 (of the 28) meristic and struc-

tural features, and a difference was found in only one feature (depth of the 

head), to which too much importance must not be attached because of the very 

wide limits of its variations. They are also morphologically similar to the 

pink salmon of the sauth-western part of 	Amur Sound caught in the neighbour- 

hood of Capes Lazarev and Uarke and in the River  My  (Enyutina, 1954b). 

Having pooled all the similar material I compp:red the pink salmon of the 

south-western part of 	Amur Sound with (a) the Primor'e pink salmon (from 

Datta Creek and De-Kastri Bay) and (b) with the Amur pink salmon proper, from 

its principal spawning tributary, the River Amgun'; this last was also compared 

with the pink salmon of the River Iski (Table 17). 

The mean values of the mens-tic  features of the pink salmon of these areas, 

as Table 17 shows, do not go outside the limits of the species characteristics 

and true differences are rare. When looking for local differences I disregarded 

these features, for they are known to vary considerably year by year even in 

fish from the carne  river (Pritchard, 1945; Enyutina, 1955). 

The investigations showed (Table 17) that the pink salmon of the south-

western part of 	Amur Sound and of Primorle differ in only one feature -- 

the pectoventral distance (the anterior part of the abdomen), which is very 

variable within the limits of the species characteristic and can be disregarded; 

in all the other 20 structural features there was no difference. 

The pink salmon of the River Amgun' has completely different morphological 

features from the pink salmon from the south-western part of 	Amur Sound. 
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13-16 	13-19 	13,12 0,03 . 13,13 	0,09 - 	14,12 	0,10 	14,59 	0,24 . 	0,03 	738 	1,81 

2,18 0,02 

16,53 0,03 

t 
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10-15 
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22-27 
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23,50 	0,14 

22,86. • .0,10 
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41,37 
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13,03 

14,60 

12,66 

0,21 

0,16 

0,15 

0,11 

0,09 

0,11 

0,15 
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23,94 

23,57 

14,02 

15,49 

13,76-  

0,22 

0,19 

0,13 

0,11 

0,09 

0,07 

0,12.  

30,71 	0,31 	0,59 	3,77 	5,81 

9,41 	0,12 	1,50 	13,73 	4,12 

62,54 	0,29 	0,50 	6,16 	6,59 

53,55 	0,35 	0,12 	.5,23 	0,96 

68,59 0,32 	3,05 	5,02 	4,01-  
••■• 

90,87 0,35 

42,27 0,28 

23,72 0,20 

	

23,32 	0,16 

	

14,08 	0,17 

	

16,44 	0,17 

	

15,15 	0,20 

3,75 

5,40 

0.63 

0,67 

0,(i0 

2,41 

0,75 

4,23 

3,43 • 

2,30 

4;80 

8,06 

7,25 

6,56 

2,35 

1,51 

0,92 

1,29 

0,31 

5,17 

5,97 

	

17-22 	18-24 	18-22 	19,18 0,11 	18,98 	0,14 	20,30 	0,12 	19,96 	0,20 	1,12 	7,17 	1,46 

	

6-8 	6:-8 	7•-:--10 • 	7,04 0,07 	6,88 	0,05 . 7,26 	0,06 	8,24 . 0,15 	1,86 • 4,87 	6,08 

65 - 	75 	25 65' 	65 	• • 	75 	 25 • 1.1.■ 

28-34 29-36 	30-37 28-34 
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.31,68 	0,14 ' 

8,88 0,06 

58,77 0,18 

31 .,87 	0,17 	32,80 	0,18 

9,00 	0,06 	9,92 	0,03 
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49-57 	50-58 51-58 . 52,58 	0,20 	53,92 	0,16 50-58 52,61 	0,15 
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Airre.:;(-turpp...ibltoe pacc -rosi- 
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 AnTealla:n,nue paccTom- 
Hue 	 2:7 	87-94 

flepc;'J!n qacm 61310X a 2-i' 39-45 
3a;u:•,:1i 4iter, giçrmoxa 	-> •-el 21-26 
11.111;un xliocrur.oro c•r(.471.1A 0  21-25 
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wilo/imimur A 31 	13-18 
.0mco -ra A 	 . 11-16 

JoriacTil 34.  

cpe;oinx 	C •-é '>  6-9 
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oc•o6c11 . 65 

KEY: (1) Name of feature (2) Number of scales in .... (3) Branchiostegal.rays (4) Cill rakers on 
arch 1 (5) Branched rays in D (6) Branched rays in A (7) Vertebrae (8) Pyloric caeca 
(9) Length of snout (10) Retro-orbital part of head (11) Length of head (12) Length of 

maxillary bone (13) Width of maxillary bone (14) Length of lower jaw (15) Depth of head 
through middle of eye (16) Limits of empirical series p7) Primorte (18) South-western 
part of Amur Sound (19) River Amgunt (20) River Iski 21) Mean values of features 
(22) Greatest depth of body (23) Least depth of body (24) Antedorsal distance (25) Post-

dorsal distance (26) Anteventral distance (27) Anteanal distance (28) Anterior part of 

abdomen (29) Posterior part of abdomen (30)-Length of caudal peduncle (31) Length of base 

of D (32) Length of base of A (33) Depth of A (34) Length of upper lobe of C (33) Length 

of middle rays of C (36) Number of individuals studied 
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Characteristically nearly all its structural features are relatively large. 

Real differences are found in the length of the snout and lower jaw, the 

retro-orbital part of the head, the length and depth of the head, the greatest 

and smallest depth of the body, the antedorsal, postdorsal, anteventral and 

anteanal distances, the length of the caudal peduncle, the upper lobe and the 

middle rays of the caudal fin, the depth of the anal fin and the length of 

• the base of the dorsal and anal fins. 

The pink salmon of the River Iski has a relatively longer head, upper and 

lower jaw and middle rays of the caudal peduncle than the Amgunt pink salmon. 	/35/ 

It has a wider upper jaw, a greater antedorsal distance, and its anal fin is . 

higher and longer at the base. However, what really strikes the eye is the 

low depth/length ratio of the body of the Iski pink salmon, as shown by the 

much smaller height of the body and of the caudal peduncle than in the Amgun' 

pink salmon. The pink salmon of the south-western part of . Amur Sound, 

although morphologically indistinguishable from that of the continental shore 

of the Tatar Straits, i.e., the Primor'e pink salmon, thus shows considerable 

differences in nearly all its features from the pink salmon migrating into 

the main .channelof the Amur. In most of its structural features, however, 

the latter also differs significantly from the pink salmon of the River Iski. 

In the light of these investigations it is clear why Milovidova-Dubrovskaya 

(1937) at that time  round no significant differences between the pink salmon . 

of Primor'e and of the south-western part of 	Amur Sound, for which the 

material was in fact homogeneous. It is also easy to understand why Pravdin 

(1932), when giving the morphometric characteristics  of the Apur•pink salmon 

and distinguishing it as natio amurensis,  used mixed material, including the 

qualitatively different salmon from the south-western part of • 	Amur . Sound,. 

the main channel of the River Amur and Schastlya Bay. 
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Analysis of the morphological features of the pink .salmon of the River 

Amgunl, the south-western part of 	Amur Sound and the River Iski reveals 

clear differences in the following group of features: depth of the body 

(greatest and smallest), postdorsal distance, length of the caudal peduncle 

and length of the upper lobe of the caudal fin. The absolute and relative 

values of these features of the Amgunl pink salmon are much greater than those 

of the pink salmon from the south-western part of 	Amur Sound and River Iski. 

So far as the last two areas are concerned, local stocks of pink salmon either 

are completely indistinguishable in these features or they differ slightly. 

Like all features in general, those mentioned are of adaptive importance and 

they depend on the geomorphological indices and the hydrological conditions 

of the spawning rivers (Nikol'skii, 1955). 

Unlike the Amgunl salmon, which ascends the river for a considerable dist-

ance and, consequently, utilises a large amount of energy in order to reach its 

spawning grounds, the pink salmon entering the rivers of the south-western part 

of 	Amur Sound and the River Iski travels only a short distance to its 

spawning grounds because of the shortness of its headwaters. Naturally, 

therefore, the more Powerful caudal peduncl e .  and caudal fin and, as will be 

shown below, the high level of nutrition of the Amgunt pink salmon are well 

coordinated with its longer spawning migrations in the river. 

The high depth/length ratio of the body of the Amgun' pink salmon is 

evidently connected with the flat character of the river channel (the lower 

course of the Rivers Amur and Amgun'), for a considerable length of which the 

fish carries out its spanning migration. The mountainous character of the 

Rivers Iski and My and, consequently, the faster flow of the rivers, have led 

1111, 	
to different hydrodynamic qualities of the pink salmon in these rivers: the 

streamlined, cylindrical shape of the body. Despite the geographical separa- 
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tion of the pink salmon in the Rivers Iski and 17y, the similar conditions (the

mountainous character of the rivers) in their spaeming areas have led to the

formation of similar morphological features in them. A similar phenomenon

has also been observed with other fish (Frolov, 1950).

B. Biologica1 Indices

The sex ratio in the Amgun' pink salmon as a rule reflects some predomin-

ance of females (Table 18); in some years (1954) the number of females in the

stock increased considerably, and this also was observed in pink salmon in two

other rivers. However, the comparatively small material for the Rivers Iski

and IvTy for 1954 (125 and 150 fish respectively) cannot be regarded as suffi-

ciently representative. The same can be said about the sex ratio of the pink

salmon in the River Iski in 1950 (161 fish) and the River My in 1952 (139 fish);

otherwise appreciable predominance of males in the stock was observed for the

pink salmon of the Rivers Iski and T+Ty (Table 18).

TABLE 18.

rt.

^

^

CI oa

Size and Sex Ratio of Pink Salmon from Different Rivers

p Aa+ry t:h _ _ ^j n. Alta ' _

1!A1111a, c91 14>I 13CC 7 ^ `^9llcnol 1.1{1t+a, cbS 4{ Bec rj 1• ^SC ôI _^I+ttt1,'C\t
t ac i -i m 1 -

AC 1, Od ►)ù J I t1C i Od I r I^ I 1_;'to I AC j Od I

ca^tqt,t

r P

47,5 , 34,9 14ï-3 51'• 1181 52,5 39,8 18-14 68 179 50,7 1711 ' 51 83
caat!:!tk 43,1 33.9 1_'07 4;; 1007 48.2 36,5 1429 42 ;29 ' 47,5 - 1399 49 78

1951 ca11ur,t,t 45,5 33.6 12:12 4G 368 52,4 39,0 1714 51 127 50,1 35,6 1434 58 291
caaim+ .43,7 33,1 1119 54 433 '49,2 30,3 1408 49 123 49,3 -3G,5 1364 42 18û

1952 cao+tU,t 49,4 35,4 1833 46 629 5^1,l. 39,0 1999 59 82 51,3 38,1 ' 1F^(i6' 53 256
caau. q 45,f) 3•1.0 HM ;,:È 7.54 <19,8 36,C) 1504 41 57 17.6 NO 1.1.58 , 47 232

1953 cfl^rtt,+ +8,7 31.7 1593 47 2t:8 54,•1 39,1 2023 57 '208 51,9' 36,6 17t?2 57 28.1
ca^t[ttt 45,3 3:3,1' 1239 53 3:3 5 ^.i ^}7,1 "(.:.:9 '43 i^9 48,5 36,1 1,153 43 215

1954 ca^a^bt 51,0 3G,9 180:i 43 76ÿ 54,3 331.8 11131 45 67 150,0 3G,5 1680 39 19
caa+t:t! 43,1 3.5,7 1,110 57 1023 49,9 37,0 1513 -15 83 47,3 36,5 1413 61 76

1950

KEY: (1) Years (2) Sex (3) Yales (4) Females (5) River _^m,;un' (6) Lene:th,
cm (7) '^rei^ht, ^(8) I`,umber of fish (9) River 1,11y (10) River Iski

On the average, therefore, the ratio between the nurabers of males to

females for the Aingun' pink salmon was 47: 53, compared with 56: 44 and 55: 45

fo P. Haat

uec, 7

/36/
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respectively for pink salmon from the Rivers Iski and T!y.

The material in Table 18 shows that as a rule smaller pink salmon migrate

into the River Amgun' than into the Rivers P.^y and Iskil. The smaller linear

dimensions of the Amoun' pink salmon are not due to the sex ratio, as Zamakhaev

(1959) considered, but to true differences in the size of pink salmon of the

same sex from different rivers. Smaller in size than the salmon from the

Rivers Iski and lily, the pink salmon of the Amgun' was lighter in weight;

however, for the same groups by size the Amur pink salmon always had the

greatest weight (Fig. 4)-

I
•194v .

Za^:o Î 1

•Ja5° r. /

^^., •vj /^

16G0 ^. ^ 7
A,!!!iv

1 • . . ^
43 47 49 5: 33

i7J3

L 1953r.

^ ^ li^lü,Y2.QC,C^Yf
l
LS µ7 ,e 51 53

Fig. 4. Ratio between length and weight of pink salmon (excluding weight of
gonads): 1) River Amgun', 2) River Iski, 3) River I,Ty.

Key: 1) ';Teight, g 2) Length AC, cm.

According to the figures for 1950-1953 the Iski salmon grew fastest in

the first year of life (30.5 cm) and the Amgun' salmon (27.5 cm) the slowest.

In the second year of life the Am^;un' and Iski salmon grew almost equally, on

the average by 19.0 cm, whereas the salmon from the River I^.y outstripped them

in growth, increasing in size on the average by 21.8 cm (Enyutina, 1955).

This ineauality in the growth of the salmon from the different rivers was

f

1As an exception, the salmon migrating into the River Iski were not larger
than those mi&rating into the Hiver .`,mL-1in' only in 1954.



- 56 - 

clearly reflected in the scale structure: within the first check they have 

the same number of sclerites but the width is different; in the growth during 

the second year, on the other hand, although the width of the sclerites is 

comparatively uniform their number differs. 

It might naturally be supposed that this last growth of the scale (growth 

in the second year of life) would be less in the salmon leaving the place of - 

its growth sooner and, conversely, that growth in the second year of life must 

be linked to some degree with the beginning of the spawning migration. In 	/37/ 

fact, the opposite picture is observed: in the pink salmon of the River Yy 

'the amount of growth of the scale in the second year of life as well as the 

number of sclerites during this period are much greater than in the salmon of 

the River Iski although the former enters the river a month sooner than the 

latter. 

To ascertain the specific features of scale structure of the pink salmon 

from the fishing districts examined previously and from the area of Cape 

Dzhaore (on the right shoreof 	Amur Sound 6 km to the north of the mouth 

of the River My) individuals of the same size were compared (Table 19). 

The only real differences (expressed as Màiff) found between the pink 

salmon of the River Amgun', on the. one hand, and that caught in the region 

of Des.Kastri, Cape Lazarev and Cape Uarke and in the River My, on the other 

hand, are in the length of the fingerling and the winter growth and in the 

number of sclerites of the winter ring. 	The visible manifestation of these 

differences is that the Amgun' salmon has a smaller growth of the scale before 

the zone of narrowed sclerites than the salmon of the continental shore of the 

Tatar Straits and the south-western part of 	Amur Sound but a greater growth 

of the latter  one as a result of the larger number of sclerites forming it. 

/38/ 

The salmon caught near Cape Dzhaore occupy the special and, apparently, inter- 
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mediate position for these features. To judge from Maiff , it is closer to 

the Amgun' form although there are almost no real differences between it and 

the salmon from the more southerly districts. In the structure of the scale, 

it bears a distinct resemblance to the salmon caught in the sector from De.- 

Kastri Bay to the River My  and it clearly differs in this feature from the 

salmon migrating into the River Amgun'. 

TABLE 19. Differences in Growth and Scale Structure of Pink Salmon of the 
Same Size from Different Fishing Districts, 1952 

' 	 I 	i_le.Khc .rpu1 2- 	M. .11a3ape
I
til 	M. Yap:;:! 	p. Mm 	m. ,i_l,waope 	p. 	Amr .yttb 

floua3aTelu   t 	 , 
I 	 M 	I .  M 	1 ± 'n 	,I■ 1 	-I- .7.1 	:I- m 	M 	

. 
i ne 	M 	1 4- ra. 	M 	H ± 

I 	I 	 1 
H 	.... -- 	 --, 

• 
"r ■ orv,i, ,au- 	4... 
CenInÔT1(11 	1 
Fuomml 	

..5,.. 

cz3umunit»  • 
BToporo  roua 	to tr 

IhIC.10 m.91)111.0[1: 
a 3011e nepaor'o roua 

• 0 3oue «3=:e1'o» pocTa 
B 300n uTopor6 rua 

%cm uccee.eonanumx pbt6 

24,69 0,41 24,70 0,35 24,65 0,12 24,70 0,36 23,25 0,35 22,94 0,31 
28,33- 0,42 28,10 0,31 28,21 0,39 27,89 0,35 27,49 0,44 27,77 .0,33 

• 3,37 0,19 	3.40 0,19 	.3,37 0,72 .3,05 0,19 	4,25 0,31 	4,65 0,26 
• 17,13 0,47 17,05 0,39 • 17,81 0,39 17,55 0,32 18,41 0,52 17,57 0,29 

	

. 	. et • 18,72 0,10 18,15 0,35 17,60 0,33 .17,35 0,23 18,20 0,33 I8 ,3i 0,34 
3,20 0,15 	3,05' 0,13 	3.24 0,19 	3,05 0,13 	3,76 0,20 	4,12 0,21 

•10 	10,92 0,29 11,05 0,02 11,24 0,25 11,45 0,29 11,40 0,31 	11,52 0,25 
11 • 	25 	20 	25 	• 	• 20 	25 	25 

. 7 .7 

KEY: (1) Indices (2) Growth,  cm' (  5) Fingerling (4) Yearling (5) 7inter  
Second year (7) Humber of sclerites (8) In zone of first year 

9 In zone of winter growth (10) In zone of second year (11) Humber 
of fish studied (12) De-Kastri (15) Cape Lazarev (14) Cape Uarke 
(15) River ry (16) Cape Dzhaore (17) River Amgun' . 

1The measurements in the line "Fingerling" show the calculated length of 
the body of the pink salmon before the beginning of the zone of narrowed 
sclerites; in the "Yearling" line they show the same as far as the end of 
this zone; the 'Mxiter" growth represents the growth of the fish calculated 
for the zone of narrowed sclerites, and the "Second year growth" line gives 
the length of the body of the salmon calculated after the formation of the 
winter ring. 

Later studies of scale structure (7,nyutina, 1965) confirmed the similarity 

between the salmon on the west coast of Hokkaido, i.e., from the Sea of Japan, 
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with that caught in . Amur Sound, in the region of Cape Pronge. 

The more homogeneous the material studied, the more reliable the comparison 

of the fertility of the pink salmon caught in different regions, for even within 

a group of salmon of the same size and the same weight considerable variations 

are found in the number of eggs. Comparison of individuals of the same size 

showed that the salmon of the River Amgun' is distinguished from the rest by 

its higher fertility and its better condition (Table 20). 

. TABLE 20. Fertility and Condition of Pink Salmon of the Same Size Caught in 
Different Regions 

. 	 -10 
• 

	

 I 	11.1o..fflaiiroci- F. 	57  ' R-0,4)(1),,inenT vmmunion,,Ii l „,,no 0  

	

Pafiot:bi 	 • 	i 	, - 	' 
. 	 . M 	- 1 +al  1 	.  M 	I ±ra I  

. 	 . 
• . 

• Byx, D,37Ta 2--. 	133:01 	7Q . 	■.1 9 3 	1,15 	1 
- . 	115 	001 	65 3a.rl. 1.1,e-Kac -rpui,?) 1423 , '' ' 	""' 	1,15 	1 	' 	" 	, 

M. Jlitaaperla it • 1453 1 	 1,14 	' .. 

	

I 	' 	- M. Yar,me 	5 - 	1248 	1348 	27,5 	1,16 	• 	1,Ia 	0,01 	65 
P. 1`.‘bt 	1P 	1357 F 	• 	' 1,16 - 1. 

• P. Amrylu. 7 	. 	• 1643 	40,4 	. 	- 	1,37 	0.02 	25 
P. lIciat 	ce . 	 1488 	47,5 	 1,04 	0,02 	• 25 . 

-KEY: (1) Regions (2) Datta Creek p) De-Kastri Bay (4) Cape Lazarev 
ar (5) Cape Uke (6) River My  7) River Amgu•' (8) River Iski 

(9) Fertility (10) Condition factor (11) Number of fish 

Consequently, these biologicaLfeatures also reveal differences between 

the pink salmon of Schast'ya Bay, the main channel of the River Amur and the 

south-western part of . Amur Sound and similarity between the last of these 

types and the Primor'e pink salmon. 

The specific fecundity index AC X q  for 1950-1954, reflecting the repro-

ductive capacity of the species, was much higher (42) on the average for the 

pink salmon from the River My  than for that from the Amur (36). 
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C. Fluctuations of the Population 

According to the statistics of Amurrybvod in 'odd years on the average 

• 3-gtimes more pink salmon penetrated into the River My than in even years. 

Near Cape Lazarev, as in De-Kastri Bay, larger catches also were observed in 

odd years. In other words, the character of alternation of the abundance of 

the spawning migrations of the pink salmon in the south-western part of 

Amur Sound is the same as in the waters of the Tatar Straits; the opposite 

picture was observed, however, in the Amur (Table 21). 

/39/ 

TABLE 21. Mean Annual Catch of Pink Salmon in Adjacent Fishery Districts 
(thousands of fish) 

' Mecra «ROBB 

iacce.ùu 'Amypa (6e3  M.  .7.1a3apeBa) '2- 
•Cenepnoe Flpilmopbe 
.Le-KacTpit 
M. Jla3aperin 
P. Mie (nponyci; upe3 Kourponbito- 
• rientoe sarpam:.nitne) (.9 

flepuo,], ita6.rno-1 	F o  g . 1,1 	re 

àe"" n  1 xieriimel lielieTtible 79  
" 

	

1 40-1953 	4220 	810 - 

	

» - . 	1014 	2980 
• ». 	..• 	:: 221 	307 

› 	. 	79 	120 
• 

	

1949-1953 	* - 98 	346 	« 

KEY: (1) Place of catch (2) Amur basin (without Cape Lazarev) (3) North 
Primor'e (4) De-Kastri (5) Cape Lazarev (6) River 1.%/-  (passing through 
counting fence) (7) Period of observations (8) Years (9) Even (10) 
odd 

Very characteristically the largest pink salmon catches in the period 

1945-1953 were observed in the Tatar Straits (near the west coast of Sakhalin, 

in Primor'e and in De-Kastri Bay) and also in the south-western part of 

Amur Sound in 1949 and the north-western part of the Sound and in the Amur in 

1948. 	Table 22 and Fig. 5 also show the similarity between the fluctuations 

411, 

	

	
in catches of pink salmon in the Sea of Japan and fluctuations in its population 

in the River My. 
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TABLE 22. Catches of Pink Salmon in Primorte and Number of Spawners Migrating 
' into the River My 

I 	0 	Ji. 

1949  1; 95011951195211953 1  195411955 .19561195711958I19591160 

Ilpumor,be '2.: 
ronn) 	5,2 1,2 2,7 1,2 0,3 	1,7 0,2 4,5 '1,0 3,4 2,2 1,3 

P.  Mi  
.(mc. urr.) S 	'651 158 296 37 91 268 13 851 	17 1  812 1  106 74 

1  'YtICT HeR0;111bIn. 

KEY: (1) Districts (2) Primorle (thousands of tons) (3) River My (thousands 
of fish) (4) Counting incomplete (5) Years 

1 . 	Paibum t 

The dynamics of the catches shows that abundant migrations of pink salmon 

were observed in even years near the north-west coast of the Sea of Okhotsk 

and in the River Iski before 1937; after 1939 the cycle changed and the migra-

tions became less abundant in odd years.' At the same time, the catches of 

11) 

	

	pink salmon in the Amur still remained high in even years and low in odd years 

(Table 15). 
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Key: (1) Primor'e, thousands of tons (2) River My, thousands of fish 

Ho direct investigations have been carried out to study the migration 

routes of the pink salmon in the region of Schast'ya Bay, bordering on the 

north-western part of Amur Sound. 

rass migration of the pink salmon into the rivers of the north-western 
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part of the Sea of Okhotsk and into the River Iski usually begins at the same 

time, as a rule in the second half of July and continuing until the middle of 

August; the last migrations into the River Iski usually take place before the 

end of August. It is interesting to note that there is no difference between 

the migration times of the Iski chum and the chum of the north-western rivers 

of the Sea of Okhotsk. In the subsequent years the character of fluctuations 

in the population of the Iski pink salmon changed in the opposite direction: 

in the period 1952-1964 the mean number of migrating salmon in even years was 

452 000 fish, but only 76 000 in odd years. 

A study of the causes of fluctuation in the Amur salmon stocks in 1937-

1941  showed that the size of the salmon catch at installations on the left shore. 

of 	Amur .Sound depended directly on the number of fish entering the River 

Iski for spawning. It was therefore postulated that the spawning ground of 

the pink salmon of the Sea Okhotsk extends further south than the basin of the 

River Iski. In all probability, when numbers of the Amur pink salmon are high 

its spawning area also extends more widely into neighbouring districts, includ-

ing, in particular, Schast'ya Bay. 

To determine to which stock the pink salmon of the north-western part of 

. Amur Sound (Rylnovsk District),belongs, in 1959 I compared it with the pink 

salmon from the Neversk Straits, i.e., the Primor'e stock (Enyutina, 1955). 

Comparison of individuals of the same size from the first migrations showed 

that the Rybnovsk pink salmon differs from the Primor'e only in the smaller 

depth of the caudal peduncle (ldiff  = 7.7) and in the structure of the scale. 

The difference in scale structure was expressed as a much smaller number of 

sclerites in the "Fingerlings" of the Rybnovsk pink salmon (15.65 ± 0.17 

compared with 17.12 ± 0.16), and a greater increase in length of the scale in 

the second year of life (20.34 ± 0.25 compared with 17.92 0.21) than in the 
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Prâ.rior' e salmon.

the sanie size

In other words, the Rybnovsk salmon, although attaining

as the Primor' e in the period of its spai^rnin; migration, lagged

behind it in growth in the first year of life but g!^err more rapidly later.

.tj

Fig. 6. Distribution of local roink salmon stocks in the lower reaches of
the Amur and adjacent waters: 1) Amgun' stock, 2) Okhotsk stock, 3) Primor'e

stock.

Key: (1) River Ai,^:gun' ( 2) River Amur ( 3) River Tumnin (4) River Iski

(5 River I^71uzi (6) River ?:y (7) River Chomi ( 8) Gulf of Sakhalin

^ Amur Sound ( 10) De-Kastri Bay (11) Tatar Straits (12) Datta Creek

M) Sakhalin Island (14) Sea of Okhotsk

It can be stated on the basis of the facts described in this c`.lznter tl:<<t

pink salmon of the Primor' e stock r,ii; rates into Lr.:ur Sound From the solii.h,

from the Sea of Japan, and is distributed among the sI^ ' Ilii ;:; r.•ivcrs of the
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south-rrestern part of the Sound from Cape Lazarev to the River I,W, and some of

these fish probably also enter the Amur, where they keep mainly to its right

bank.

The basin of the River Iski, situated to the north-west of .. Amur Sound

at the boundary between the areas of two pink salmon stocks, is frequented in

different years preferentially by the Sea of Okhotsk stock or the Amur stock

of pink salmon.

A local stock differing from the Primor'e and Iski (Sea of Okhotsk) stocks

in a number of morphological features, sex ratio, size, weight, rate and charac-

ter of growth, fecundity, condition, and character of alternation of abundant

and sparse year-classes; s distributed in the largest of the spawning tribu-

taries of the Amur basin -- the River Amgun'. The necessary information

regarding the spawning routes of this stock has not yet been obtained.

At the beginning of the spawning run a certain proportion of the Frimor'e

stock of pink salmon, dispersed from it during the growing period, evidently

migrates into the north-eastern part of Amur Sound (Fig. 6).
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V. SPA7NING MIGRATIONS 

1. Migration Routes  

There are two different opinions regarding the migration routes of the 

pink salmon into 	Amur Sound: the first (Brazhnikov, 1900; Soldatov, 

1912; Kaganovskii, 1949) assumes entry of the pink salmon from the north, 

from the Sea of Okhotsk; according to the second (Shmidt, 1905, 1950; 

Navozov-Lavrov, 1927; Derzhavin, 1933; Milovidova-Dubrovskaya, 1937; Sato, 

1938; Dvinin, 1949), the pink salmon enters 	Amur Sound from the south, 

from the Sea of Japan. The first of these views is based on two facts: 

pink salmon are caught by the fisheries of the left shore of 	Amur Sound 

and the catches of this species follow the same cycle in the River Amur and 

along the north-west coast of Sakhalin; the second is based on tagging data, 

on the finding of pink salmon with Japanese hooks, and the fact that the 

fluctuations in its catches are the same on the continental shore of the Tatar 

Straits and in the south-western part of 	Amur Sound. 

Pravdin (1932) occupied a special position in this matter. He did not 

consider that the problem of migrations of the Amur pink salmon has been com-

pletely solved and postulates that the stocks of the fish for commercial 

exploitation are formed in the south-western part of the Sea of Okhotsk, from 

/42/ 
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which they migrate both towards the west of Sakhalin and the River Amur. 

However, Pravdin made one qualification: his hypotheses are in conflict with 

the facts that pink salmon with Japanese hooks are found in 	Amur Sound 

and in 1928 a pink salmon, tagged on the coast of Korea, was found in the same 

region, near Cape Uarke. Returning to the question of migrations of the Amur 

pink salmon later, Pravdin (1940) accepted that some of these fish may migrate 

into the Sound from the southern part of the Sea of Japan, near the coast of 

Korea. 

Before 1961 the fisheries of De-Kastri and Cape Lazarev caught many pink 

salmon
1

. The small rivers Somon and Nigir', flowing into the Tatar Straits 

near these capes, could not provide sufficient spawning ground for the whole 

mass of pink salmon migrating into that region. There is no doubt that the 

salmon caught at De-Kastri and Cape Lazarev had mainly migrated into more 

northern regions, where such relatively large spawning rivers as the Chomi, 

Tymi and My were available. 

In 1953 the Amur branch of TINRO (Birman and Enyutina) studied the migra-

tion routes of salmon into . Amur Sound. Fish were caught in the Nevel'sk 

Straits in the region of the Chastye Islands and near the west coast of 

Amur Sound between Cape Dzhaore and Cape My, using drift nets and trap nets 	/43/ 

in the period from 2 to 9 July. In every case the salmon was running against 

the current. These investigations confirmed that a large proportion of the 

pink salmon (84 %) entering . Amur Sound and the Rivers Chomi, Tymi and My  

came from the south, through the Nevel'sk Straits, and only 16 came from 

the north, when the tide came in from the Sea of Japan. 	The possibility 

'Since 1961 no fishing for pink salmon has been carried on in these 
regions. 
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cannot be ruled out that this small proportion of the fish had changed its 

principal direction of movement (from south to north) because of a change in 

the direction of the tide. 

Migrations of the pink salmon along the continental shore from south to 

north are confirmed by the times of its appearance  in the  fishing grounds of 

Soviet Primor'e, the Tatar Straits and 	Amur Sound. According to the ob- 

servations of Milovidova-Dubrovskaya (1937) and Pushkareva (1951), the pink 

salmon entered the River Tumnin on the last days of May or the first days of 

June; the statistics of the catches show that further north, in De-Kastri Bay, 

.the first pink salmon were usually caught in the first 10 days of June, i.e., 

later than in regions further south but sooner than near Cape Lazarev1 . 

A similar direction of migration of the pink salmon is observed along the 

Sakhalin shore of the Tatar Straits (Shmidt, 1905; Navozov-LavrOv, 1927). 

According to Dvinin (1952), the run of the pink salmon in the. southern part 

of the west coast of Sakhalin in the region of Nevellsk-Chekhov begins on 

5-10 June, whereas further north the spawning migrations toward the coast are 

10-15 days later. Comparison of all the facts (catching tagged fish, the 

identical cycles of catches of the pink salmon off the continental shore of 

the Tatar Straits and in the south-western part of 	Amur Sound, the high 

catches near  Cape Lazarev, the times of the spawning migration, test fishing 

with nets and, finally, morphological and biological similarity) thus suggests 

that most of the pink salmon enter the waters of 	Amur Sound from the Tatar 

Straits through the Nevellsk Straits. 

Observations by Isida and Elyaguchi (1959) show that the pink salmon of 

1The beginning of the run of the pink salmon was established at the 

c. 	fisheries of Datta Creek, De-Kastri and Cape Lazarev from the statistics of 
the industry. 	It is possible, therefore, that the true beginning of the 
run in these districts may have been earlier. 
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the Sea of Japan migrating to the north along the west coast of the islands 

of Honshu and Hokkaido has exhibited abundant migrations in even years since 

1953. This corresponds clearly to the cycles of pink salmon catches in the 

south-western part of 	Amur Sound (Table 22). Similarity in scale struc- 

ture of the pink salmon of the west coast of Hokkaido and the Amur pink salmon 

(Enyutina, 1963) confirms the previous hypothesis that the pink salmon of the 

Sea of Japan migrates into 	. Amur Sound. 

With  the development of Soviet marine research Birman (1964, 1965) showed 

that the migration of the Amur pink salmon from the ocean through the Friza 

Straits is impossible because of the low water temperatures. The hydro-

meteorological features of 	Amur Sound and the growth patterns of the Amur 

and Primorte stocks of pink salmon convinced Birman that the Amur pink salmon 

spends the winter and feeds in the Sea of Japan. 

The northern part of 	Amur Sound has hot yet been adequately studied 

as regards the migration routes of pink salmon. Huge shoals of the autumn 

chum come into this region and then enter the Amur. The autumn chum is there-

fore considered to reach the Amur from the north, from the side of the Gulf of 

Sakhalin. This cannot be said about the pink salmon, judging from its very 

small catches in the Puir fishery district (on the continental shore of the 

Sound) and from its almost complete absence in the region of Cape Men'shikov 

and Baidukov Island (the Chkalov Fish Factory), i.e., at its outlet into the 

Gulf of Sakhalin. 

Migrations of pink salmon into the Rybnovsk district of Sakhalin, i.e., 

chiefly into the north-eastern part of 	Amur Sound, are always large. How- 

ever, it is still difficult to say definitely from where the pink salmon comes 

11, 	
into this region. This will be clear from the example of 1959 (Table 23). 
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TABI.F 23. Distribution of Pink Salmon Catches in Different Parts of the
Rybnovslc District as Percentages of the Total Catch for y+'ive-

Day Periods, 1959
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TABLE 24. Dynamics of Pink Salmon Catches in Rybnovsk District of Sakhalin
and at the Aleevka Control Barrier in 1961 for Five-Day Periods
as a Percentage of the Total Catch for the Fishing Season
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After the sharp decline in' pink salmon catches in the period from 6 to 15

July t^iking place in all parts of r>,mur Sound, in Rybnovsk District unlike

all the others a fresh and considerable increase was observed in the fourth

five-day period, follovred by a smaller increase in the si%th five-&'.y period



111› 	of July (Table 23). The increase in catches in the fourth five-day period 	/45/ 
of July took place on account of one day only -- 17 July -- because of the 

arrival of a large shoal of pink salmon. The catch on 17 July (399 centners) 
was not the largest daily catch in Rybnovsk District in that fishing season. 

It will be clear from Table 23 that most of the catch consisted of pink salmon 

from northern areas, and the contribution of ruzlma, i.e., the most northerly 

fishing point, situated outside 	Amur Sound, was about 40% of the total 

catch for the district. 

The data in Table 23 illustrate clearly the movement of the pink salmon 

from south to north along the Sakhalin shore of 	Amur Sound. The appear- . 

ance of the pink salmon at the end of the fishing season in the region of the 

MuzIma fishery in comparatively large numbers coincided with a decrease in 

catches in the central part of Rybnovsk District (Nos. 3 and 40 fish factories) 
and the total cessation of catches in the southern part (Krivoi Rog). This 

relationship between pink salmon catches in .different fishery areas of Rybnovsk 

District does not allow a definite answer to the question whether the pink 

salmon moves along the Sakhalin shore of . Amur Sound from south to north, 

to enter the Gulf of Sakhalin of the Sea of Okhotsk (the point of view held by 

Sato, 1938), or whether some of thp 'oink salmon stock approaches the north-west 

coast of Sakhalin at the end of July from the north, fr .= the Sea of Okhotsk 

(the point - of view of Birman, 1964). This second point of view is supported . 

by the dynamics of the pink salmon catches in Rybnovsk District and in the * 

Cape Pronge District (Table 24). Whereas most pink salmon pass near the right 

shoreof 	: Amur Sound in June, only the first shoals of this salmon are 

appearing off the north-west coast of Sakhalin. 

The data in Table 23 and 24 show that the pink salmon can also enter 

Amur Sound from the Gulf of Sakhalin, i.e., from the north, but much later than 



- 70 - 

	

1111, 	it enters from the Sea of Japan. The latter, continuing its migration in 

	

(1) 	the main South Channel, near Cape Dzhaore reaches the continental shore and 

then moves along it toward the mouth of the shallow coastal channels, when it 

enters the Neronovsk Channel, also along the left  shore of 	Amur Sound. 

Year by year the spawning stocks of pink salmon migrating into the Amur 

are distributed unevenly between the fisheries of the right and left shorEs of 

the Sound. The pink salmon catch of the fisheries on the right shoreis 

generally larger than that of the left shore. Only the years 1938 and 1948, 

i.e., years of particularly large salmon populations, were exceptions, as is 

clear from Table 25. •  

In 1934-1950 pink salmon catches on the right shora of 	Amur Sound were 

thus on the average 9.4 times greater than those on the left shore and only 

the particularly abundant salmon year-classœwere equally distributed in 

Amur Sound during the spawning run, as earlier information confirms (Soldatov, 

1912; Tikhenko, 1915). 

With the typical distribution of the migrating pink salmon between the 

fisheries of the right and left shore3of Amur Sound, i.e., with more of 

them near the right shore the ratio between the catches in individual years 

varies within wide limits. For instance, catches at the Chardbakh and 

Aleevka control barriers were in the ratio of 1: 2.3 in 1957, 1: 10 in 1961, 

and 1: 23 in 1959. 

. 2. 	Time of the Run 

According to the observations of TINRO the pink salmon began to enter 

the Amur at the end of May. Control nets set up in the period 1958-1965 off 

Cape Pronge almost immediately after passage of the ice, showed as a rule later 

periods (Table 26). 	These first fish, known as "messengers," are ignored by /46/ 
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TABLE 25. Distribution of Pink Salmon Catches Among Fisheries of the Right and LeftShored of the 

Amur Sound in 1934-1950 
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20,8 	6,8 	16,7 15,7 	49,1 	26,2 	23,8 	19,1 	18,9 	12,3 	24,9 	9,3 	37,1 	14.9 	48,8 	29,8 	20,T 

KEY: (1) Shore (2) Right (3) Left (4) Fisheries (5) De-Kastri (6) Cape Lazarev (7) Cape 
Dzhaore (8) Cape Pronge (9) Puir (10) Ozerpakh (11) Tneivakh (12) Chnyrrakh (13) 
Catch (14) Thousands of centners 

'The catches of this fishery are included in those of the right-shomfisheries of 	Amur 

Sound. 
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^ the fishermen for pink salmon in the Sound are usually caught with fences that

are not completed until 10-15 June. Individuals of the last spawning migra-

tions likewise are not caught because their exploitation is unprofitable.

!7hen speaking of the time of spawning migration of the pink salmon I thus mean

the period of its commercial fishing, and by the beginning and end of the run

I imply an intensity such that only single individuals are caught continuously

during reassembly of the barrier. With this meaning of the term the end of

the spawning migration of the pink salmon in Amur Sound can be timed as a

rule to the first 10 days of August. The last single specimens found scat-

tered at intervals can be caught at the end of August or even in September,

along with the autumn chum.

Practical fishery experience shows that delay in the appearance of the

"messenger" pink salmon announces the return of an abundant stock of that fish

(Starovoitov, 1926). In the 1926 fishing season, for example, when the maxi-

mal number (161 000 centners) of pink"salmon was caught by the Amur fisheries

alone, the run was almost 10 days late (Vorotnikov, 1927). . Davidson and

Vaughan (1939), who observed this phenomenon in a study of the Alaskan pink

salmon regarded it as a regular feature. Planned investigations of the Amur

and Primor'e pink salmon confirmed the validity of these observations. From

my own material (Table 26), in abundant years the pink salmon enters the Amur

considerably later than in years of poor catches.

The changes in the times of migration of the pink salmon into Amur

Sound can be seen more clearly still from the same statistics presented in

Table 27.

/47/

Regular changes in the times of the run of the pink salmon for year-classes

of high, average and low stocks is observed, as Table 26 shows, from the

appearance of the first fish until the end of the mass mij-xation, within the
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limits of which from 25 to 75 e",  of the total catch for the season may be found. 

However, a marked difference in the times of the spawning migration is observed /40/ 

for year-classeswhich, differ sharply in their numbers. This difference, both 

in the times of appearance of the first runs and in the beginning and climax of 

the mass migration, averages 10 days and becomes ureater still (up to 17 days) 

at the end of the mass migration. Uhereas in small stocks of pink salmon the 

bulk of the fish enters the Sound in the last 10 days of June, in the case of 

abundant stocks it does so in the first half of July. The last migrations of 

pink salmon of spawning stocks of different sizes end at different times but, 

as a rule, they do so at the end of July  or the  beginning of August. 

TABTR 27.. Catches of Pink Salmon at the Aleevka Control Barrier in Ten-Day 
Periods in Per Cent of the Total Catch of this Salmon for the 
Season 
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- 	1957 	-- 	60,2 	31,2 	. 8,0 	0,5 	- 	,• 

	

1958 	- 	- 	21,7 	34,2 	26,8 	• 16,5 	: 0,8 
. 	. 1959 	. - 	29,1 	34,2 	34,2 	2,3 . 	0,2 

	

1960 	- 	- 	20,3 	61,3 	16,4 . 	1,6 	0,4 

	

1961 	1,7 	19,8 	62,6 	8,9 	3,0. 	• 	3,4 	• 	0,6 
1962 . e4im. 5-  .10,3 	« 15,0 	4 9,3 	2,4 	 . - 

	

1963 	- 	.31,8 	49,3 	.15,6 	1,5 	0,9 • 	- 0,9 
. 	1964 	0,1 . 	• 31,6 	63,6 	3,9 • 	0,8 . 	eiuni.. . 	- 

	

1965 	eauri. 	' 11,0 	63,4 	20,3 • . 	1,0 . 	3,5 	0,8 

KEY: (1) Years (2) June (3) July (4) August (5) Single 

The same rule was observed some years aEo for the pink salmon of south- 

east Alaska (:=idoon and Vaughan, 1939) and they explained it by the rate of 

growth of the salmon during its Fday in the ocean: small stocks under favour-

able feeding coniUtions [row well, mature more rapidly, and start their spawning 

migration sooner: abuni:ant stocks crow comparatively more slowly, remain at 
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the feeding grounds as long as possible and therefore start the spawning 

migration later. There is a basis for this explanation. However, outside 

this rule there are examples of late migrations of small populations of pink 

salmon,.such as in 1947 and 1960, and of comparatively early migrations of an 

abundant stock of pink salmon, as in 1939. It will be clear from Table 26 

that the duration of the mass migration of the pink salmon likewise is not 

connected with the size of the year-class: the main run may take place either 

in very short periods, ending in as little as five days (1964) or it may extend 

over three times as long for a stock of the same number (1959). Consequently, 

the time of the spawning migration of the pink salmon in fresh water is deter- 

mined not only by the abundance of its yèar-classes. Not the least 

important role, as will be shown below, in this phenomenon is played by hydro-

meteorological conditions. 

The time when the pink salmon enters the spawning rivers is independent 

of the time of its appearance in 	Amur Sound. Often the fish appears in 

many rivers quite considerable distances apart at almost the same time. This 

shows that the main mass of the  fish moves initially upward along the Amur, 

filling the lower tributaries somewhat later.. 

3. Hydro-Meteorological Conditions  
Accompanying the Spawning Migration 

A. Temperature  

It  was  hitherto considered that the opening of the ice in 	Amur Sound 

is one factor determining the times of migration of the pink salmon into fresh 

water (Table 28). 

Although the data in this table apparently confirm the relationship between 

these two phenomena mentioned above, they cannot be regarded as sufficiently 

/49/ 
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well established: instead of the beginning of the spawning migration of the 

pink salmon the beginninu of its commercial fishing is given, and this date 

is linked with the time of readiness of the barriers for fishing, which in 

turn depends on the meteorological and economic conditions of the year. 

TABLE 28. Time of Breaking of the Ice Around Baidukov Island and Beginning 
of Pink Salmon Fishing in 	Amur Sound 

- 1-- 	0 a 	(-P 	. 	• • 

TIonsirre.71.1. I 	« 	  
1939 	1 	1941  • 1 	1942 	1 	-1947•

2. 	. 
,11:a•r1 13an:pull:51 ...ibRa 	.30/V 	.25/"V 	• 4/V1 « 	2/V1 • ..Halta:to 1o3a u paiione.:1 	 - 	- 	• 

	

. 	. 
Tlynp (oeuuni 6eper) L.4-- 	15/V1 	11/\7 1•:- 	18/VI 	'16/V1. .• 	Flu:née 1.1poure (n(1aubift 	 . 	. 	. 

. 6eper) . 	 c--  -...) 	13/V1 	IONI 	'20/V1 ' 	17/V-1 

•  
o 

o  

KEY: (1) Events (2) Date of breaking of ice (3) Beginning of fishing in 
district: (4) Puir (leftshore) (5) Nizhnee Pronge (right shore) 
(6) Year 

More concrete statistics are given in Table 29. They show that: 

The warming of the water in • Amur Sound before the beginning of the 

spawning migration of the pink salmon does not depend on the time when the 

ice breaks in this region (1962 and 1965); • 

With comparatively late clearance of ice on - Amur Sound, migrations 

of the pink salmon may be observed either early (1961 and 1965) or late (1958 

and 1960), and they are unconnected with the general warming of the water. 

The appearance of "messenger" pink salmon in 	Amur Sound is observed 

over a wide range of temperatures -- from 4 to 14°C, -- but usually at a mean 

water temperature of about 12°C. Individual small shoals are observed to 

come in at the same temperature, marking the beginning of the spawning migra-

tion of the pink salmon. 

The main run of the pink salmon in 	Amur Sound usually takes place 
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when the mean water temperature is 15-18°C, whereas on the west coast of

Kamchatka, according to Susumo Sugano, the main run is observed at a tempera-

ture of 10-13°C. This difference points to the "thermophilia" of the Amur

pink salmon.

It is impossible to correlate the whole spawning migration of the pink

salmon with any particular mean water temperature. In Amur Sound the

migrating pink salmon is exposed to the action of different temperatures, varia-

tion of which from the beginning to the end of the run is in the direction of an

increase (Table 30).

The amplitude of fluctuations of the mean daily temperatures in the sur-

face layer during the spawning migration of the pink salmon reached 13°C (Table

30); according to the observations of Birman it was almost the same (12.40C)

in 1948 also, near Cape Ozerpakh (the left shore of Amur Sound). The entry

of the pink salmon into•the spavining rivers of the Amur basin is not observed

at water temperatures below 5.5°C. The other limiting temperature at which

the pink salmon continued to move upstream to the spawning grounds was 22.1°C. /50/

The spawning migration of the pink salmon is naturally more prolonged over

a wider temperature range. For the River Iski in 1953 this was from 6.8 to

22.1°C. In the rivers of the Amgun' basin, where the spawning migration of

the pink salmon is usually short, the temperature limits are quite narrow: in

the River Samnya in 1950 from 9.5 to 13.3°C. The amplitude of variations of

the mean daily temperatures during the main run of the salmon in the Rivers Im

(1950 and 1952) and ?iy (1949, 1951 and 1952) reached 5-7°C, and in the River

Iski (1951, 1952 and 10,53) it reached 7-15°C. Of the waters examined the

coldest for the pink salmon is the River P,Ty. During the main run of the pink

salmon the water temperature in it remains on the average between 8 and 12°C,

but in the Iski it is much higher (12-14°C) and in the River Tm it is close

/51/
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TABLE 29. Hydrological Conditions During Spawning Migration of the Pink Salmon 

in 4. .. Amur Sound (Cape  Dzhaore District) 

BN.I0B 	tOOlfe B 
!i:'PEbi.x 	o6w.emy yr,oey 

macceBoro 
Temut.vc.Typa  Bri,31,1 BD epemg 
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_1 

I 	 7 	. 

çs" Paituou earma 

	

195, 	221V 	5,9(0,3-.-14,0 

	

:962 	23/V 	11.5(8,8-. 14,4) 

	

1 9fl03 	23/V 	. 0,5(0,2 —11,0) 

	

1901 	21/V 	8,6(2,8--13.4) 

n 3Jur! OCCH1 	Cf 

	

.1938 	281V 	8,3(0,1-1:32) 	• 

	

1060 	30/V 	7,9 (0,4-14,4) 
1901 	28/V 	2,8(0,4-14,2) 

	

1965 	2TV1 . 	10,6(9,3-11,8) 

KEY: (1) Years (2) Date of clearing of the ice (3) Uater temperature in the 

period (4) From clearing of the ice to appearance of the first salmon 

(5) From the appearance of the first salmon to the beginning of the 

spawning migration (catch 1 of stock) (6) Catch in June in of total 

catch of pink salmon for the season (7) %ter temperature during mass 

migration of pink salmon (catch 25-75 ;; , of the stock) (8) Early spring 

(9) Late spring 
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TABLE 30. Mean Water Temperature in Surface Layer of 	Amur Sound in Different 

Periods of the Spawning Migration of the Pink Salmon 
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to 15°C ,
The intensity of the spe,rrning migration of the pink salmon varies

ar.nreciably in rivers if there is a sh2xp decrease or increase in the water

tc :r:rerG.ttire (i ig. 7).
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Fig. 7.
Dynamics of migration of the pink salmon and fluctuations in water

temperature in the River Tski: 1) temperature, 2) number of fish entering

the river.

Key: (1) temperature, °C (2) number of fish, thousands.

B. `+"ater Zevel

T:Tigration of the salmon in
Amur Sound is also affected by variations

in the water level due to the risé and fall of the tides.
Observations made

in 1959 in the region of Cape Pronge showed that the pattern of fluctuations

in the pink salnon catches depending on the character of variation of the water

level1 in the coastal zone is very complex.
Increased runs of the pink salmon

were observed at times:

Of high or almost hirdh tide;

From low to high water, during a considerable rise in its level;

`Variations in level were talçen every hour on the basis of tide ;;auge
ree,d:i.ngs at the hydrological post of the I^Ydro- e teoroloL;iccti ::crvice at Cape

Pronge.
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From high to low tide, but with a comparatively large body of standing 

water; 

Low tide, when the daily amplitude of variation between high and low 

water was small. 

Pink salmon runs on the right shore of 

the water level was relatively high and decreased as a rule when the water 

level fell. The same sort of relationship between size of spawning migrations /52/ 

and water level has also been observed in this region for the summer chum. 

The rise and fall of the tides, caused in this region by conditions in 

the Sea of Japan, are considerably influenced by the flow of water from the 

River Amur (Navigation on the East Coast of Siberia, 1932). The water of 

the Amur, directed to the south from its Mouth, adds to the outgoing tidal 

current but delays the incoming tide. The slight flow at high water is a 

• favourable time for movement of the pink salmon. This fish is known to follow 

the currents of calmest water close to the shore and for that reason it is 

caught in the greatest numbers at times of high, static water. At times when 

the June and July high tides in the region of Cape Pronge occur during daylight 

and low tide in the early evening or night, the spawning migration of the pink 

salmon at night almost ceases. 7ith slight fluctuation in level during the 

24 hours clear and regular variations in the pink salmon catch are hardly ever 

observed. 

At fisheries on the left shore of 

run relative to the rise and fall of the tides is quite different. As Borisov 

(1923) observed, salmon were caught there only at low tide and during high tide 

they kept to the middle of the 7orth Channel, avoiding the fences. The in-

crease in the salmon catch by fisheries on the left bank at low tide was 

explained by Voskresenskii (1948) by the efforts of the fish, migrating close 

Amur Sound thus increased when 

Amur Sound the dynamics of the salmon 
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to the shore, where the current was slower1 , to save its strength for later 

in its journey. 
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Fig. 8. Dynamics of pink salmon migration and variation in water level in 
the River Iski: 1) level, 2) number of fish entering the river (per cent) 
compared with total number of incoming brood stock. 

Key: (1) level, cm (2) July (3) August 

t . 

The pink salmon enters the spawning rivers when the water level is low 	/53/ 

(Strekalova, 1934) or hiEh; the mass migration coincides with a comparatively 

high level, although in some rivers and in some years (River Iski, 1930, 1951) 

it may occur at the time of the greatest fall in the water level (rig. 8). 

This fact could have a favourable effect on the choice of the place for 

1At low tide the velocity of the current in 1:eve1lsk Channel is very creat 
in the re:ion of the north-west end of Sakhalin  Island because of the discharce 
of the main body of Amur water. 
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spawning, for an increased level of water immediately after mass migration of 

the pink salmon must help to bring about a more uniform distribution of brood 

stock already arrived in the rivers and, consequently, the more complete uti-

lization of the useful spawning area by them. 
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Fig. 9. Dynamics of pink salmon catches in Amur Sound near Cape Pronge during 

1111, 	
the spawning migration: 1) 1958, 2) 1959: 3) 1960, 4) 1961. 

Key: (1) June (2) July. 

C. Direction and Force of the 7Tind  

The prevailing winds in 	Amur Sound in summer, during the spawning 

migration of the pink salmon, are .south and south-east. 	Their mean velocity 

is 10-12 m/sec, but on some days it may reach 20 m/sec. With such a strong 

wind catches of pink salmon and suriner  chum by trap nets are very much reduced 

and almost down to zero. As soon as the weather becomes calm the catches 

suddenly increase considerably. Gale-force winds producing a rough sea set 

the whole mass of water in motion in areas near the coast where usually the 

fishing equipment is situated. So as not to exhaust itself during gales in 

the shallow waters the fish probably movesaway from the shore into the main 

channel, and when the sea becomes calm again it returns to the quieter water 
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in the coastal area, where it is caught by the fishing equipment.

On leaving the shore during severe gales for the main channel the pink

salmon moves steadily toward the mouth of the Amur. Some years, in periods

of approaching calm weather, it appears first in areas nearer to the mouth,

but later in areas further away from it.

North and north-east winds are less common in Amur Sound. They have

the opposite action on the run of the pink salmon by the right shore of the

Sound than the south winds and they are accompanied by larger upstream migra-

tions. In 1958, for instance, at the Aleevka contz•ol fence, on days of mass

.migration of the pink salmon (from 29 June to 26 July), when the winds were

from the north and north-east, the mean daily catch of pink salmon was 1000

centners, but only half when the winds were in the south and south-east. North

winds, coinciding in direction with the flow of water from the Amur entering

the Tatar Straits, do not give rise to such strong agitation of the shallow

water as is observed with south winds. This is evidently the reason why

catches of pink salmon by fences on the right shobe are higher. So far as the

effect of winds on the pink salmon migration off the left shore of the Sound is

concerned, a final explanation is still awaited.

As was demonstrated above, of ^Lll the factors examined above only the

physiological is regularly reflected in the time of the pink salmon runs into

Amur Sound, and its effect is manifested as delay in the run of compara-

tively small fish belonging to very abundant year-classes. However,

the main run of the pink salmon in Amur Sound has a distinct temperature

optimum of its own (15-19°C).

Data relevant to the elucidation of the dynamics of the spayrning migration

of the pink salmon relative to the rise and fall of the tides and to wind

activity given in this section are extremely .sketchy and by no means exhaustive,
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o 
for the problem is complex and calls for special research. 

4. Dynamics  of the Run 

As was stated above, the fluctuations in the run of the pink salmon in 

AmUr Sound during the 24 hours are due to fluctuations in level connected 

with the rise and fall of the tides. In the region of Cape Pronge in 1958, 

when high static waters in June and July occurred in daylight, maximal catches 

of the pink salmon were observed (Table 31). 

TABLE 31. Dynamics of the Pink Salmon Run in 	Amur Sound During the 24 
Hours (in per cent of total catch of the Aleevka barrier in 24 h) 

' • . 	 1 , 
1957 	— 	11,0 	23,0 	32,1 	11,2 	- 13,2 	8,5 	1,0 	100,0 
1959 	— 	7,9 	16,9 	18,1 	18,9 	22,8 ' 14,8 	0,6 	100,0 

REY: (1) Years (2) Time of day (3) Total 

Commercial catches of the  pink salmon in 	Amur Sound vary from day to 

day within wide limits. These variations in catch reflect the rhythm of the 

run of the pink salmon caused by a complex system of relations between the 

physiological state of the fish and the external environmental conditions 

examined above. The dynamics of catches of the pink salmon by the Aleevka 

control barrier for four of its year-classes 

their abundance 
1 , is illustrated in  Fig. 9. 	The number of fish caught 

at the barrier is ai7gregated  bore for five-day periods, smoothing out diurnal 

111, 
'The pink salmon catch during the spawning migration was (in thousands 

of fish): 1583 in 1958, 258 in 1959, 323 in 1960, and 40 in 1961. 

(1558-1961), differing sharply in 
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fluctuations in the catches and bringing to light the general character and

intensity of migration of the pink salmon during the season. As is clear

from Fig. 9 the pink salmon in Amur Sound may have one (as in 1960 and 1961)

or two (as in 1958 and 1959) runs, unconnected with the size of the spawning

stocks. A characteristic feature of the run is its rapid increase: from the

appearance of the first fish to the beginning of the mass migration the time

is usually from 10 to 15 days. The end of the run of the pink salmon is more

n;radual. It lasts from 15 to 40 days (or more). As Fig. 6 shows, its dura-

tion is inversely proportional to the size of the stock. The diurnal rhythm

of the run of the pink salmor_ in different spawning rivers is in general of

the same character: the run becomes swifter at datrn and continues until

light, although at mid-day the intensity of the run is reduced (Table 32.).

T.Teanwhile, as Table 32 shows, the dynamics of the pink salmon run in these

rivers in the course of the 24 hours also has certain distinguishing features.

In the rivers I,'y and Iski, for instance, about 25 P of the fish pass through

the control barrier before 7 a.m.; only about 50 pass during the next 6-7 h;

most of the fish, however, 'about 70 ^' of them, pass through after 1-2 p.m. In

the River Samnya, a tributary of the second order of the River Amur, the pink

salmon starts to rise later, but does so more intensively than in the rivers

of the Sound and more than 601,".) of the salmon rise before 10 a.m. The other

periods of the run are shifted correspondingly. The period of a small run

lasts from 10 a.m. to 4 p.r.!.: at this time about 10 of the fish pass throu;;h;

the second increase in the run is observed during the evening, after 4 p.m.,

accounting for about 30 of the total number of fish passin`, throu;;h per day.

After observing the i.rrecq.ilsxity of the salmon run durinti; the 24 hours

in the rivers of Kamchatka and in the Amur Abramov (19,53) concluded that the

size of the run increases when the sunlight falls from the side or from behind

//55/
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relative to the course of the fish, and it stops completely if bright sunlight 

shines directly against the direction of the run. 	This conclusion was con- 

firmed by data obtained in 1951 for the River Im (a second-order tributary of 

the Amur, flowing from the south), when from 7 a.m. to 4 p.m. only about 2 51 

of the salmon of the total number counted during the 24 hours passed through 

the control fence. The fact that salmon do not move at night and that they 

move more or less uniformly on days of continuous cloud strengthened the view 

that the diurnal dynamics of the pink salmon run is the result of the reaction 

of the fish to light. 

TABLE 32. Dynamics of the Run of the Pink Salmon in SpawningRivers.During 
the 24 Hours (in per cent of total number of .fish passing through 
the barrier per day) 

I..' ad, 1962 	 24,9 	3,5 	0,8 	26,6 	44,2 	 100,0 
' • ._. 	• 	1963 	 20,6 	4,0 	7,6 	24,9 	15,8 	27,1 	100,0 

5 .CaMlifl, 1960 	 62 , 2 	6,4 .. 	4,6 	10,3 	16,5 	• 	100,0 

• 4, - G -- 8 	 18 • -- 20 -21 

' 	1959 	1,4 	10,4 	9,1 	0,1 	• 21,2 	'40,3 	17,5 	100,0 . 

	

14- licKa, 1900 	13,5 	16,0 - 	10,3 	5,2 	18,0 	20,0 	17,0 	100,0 
. 	. 	1961 	4,3 	8,3 	5,3. 	10,5 	21,3 	28,1 	22,2 	100,0 

	

1962 	10,9 	. 9,6 . 3,2 	2,2 	20,9 	26,2 	27,0 .• 	100,0 

REY: (1 Rivers, years (2) My  (3) Samnya (4) Iski (5) Time of day 
(6 Total 

In the basin of the River Iski the pink salmon and chum move slowly along 

the river, staying for a long time in the quiet,  deep  parts of its course. 

Sometimes the salmon also move downstream, but they then climb aain, over-

coming the current. 	The mean rate of movement of the pink snlmon  in 1.7 km 

per diem. 	Such slow progress of the fish is explained by the fnct that most 
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individuals are not ready for spawning when they enter the River Iski; they 

mature during their stay in the river. 

The salmon react precisely to an increase in the level and to a resulting 

increase in the rate of flow. Up to certain limits the rate of rise of the 

fish increases with an increase in the rate of flow. They develop a particu-

larly high speed when crossing bars in the river bed. By resting in places 

with a slow-moving current and by mounting rapidly through shallow areas with 

a fast current, the salmon thus expend their energy economically as they ascend 

the rivers. When the rise in water level is very great the pink salmon and 

chum cannot overcome the too rapid current and they therefore stop their run 

until the level has fallen suitably; in such cases an increase in the run is 

observed only at the beginning of the rise of the water. The principles 

governing the migration of the pink salmon in the rivers  I have examined can 

undoubtedly be extended also to any other river. revement of the pink salmon 

in the spawning rivers is thus determined by the physiological state of the 

fish and,  in  particular, by the degree of maturity of the sex products, and 

it is a complex adaptive reaction of the organism to light and to variation 

in the water level. 	 • 

• 
o  
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VI. QUALITATIVE COE'YOSITION OF POPULATIONS 
AND THEIR BIOLOGICAL CHARACTERISTICS 

1. The Sex Ratio 

The sex ratio at certain periods of the spawning migration and for spawning 

.stocks of pink salmon as a whole has been determined by analysis of the catches. 

This method is technically more correct for it takes into account the consider-

able fluctuations in catches in the course of migration, characteristic of the 

pink salmon1 . 

Appreciable predominance of males is characteristic of the first runs of 

salmon migrating into Amur Sound, and it is also a feature of other salmon 

of the genus Oncorhynchus.  In the data given in Table 33 this is evident for 

1958, when the observations included the beginning of the spawning migration. 

As a rule with time the relative number of males decreases and there is 	/57/ 

a corresponding increase in the number of females. However, in some years 

the males remain numerically predominant almost throughout the spawning migra- 

tion. Judging from 1960, the relative number of males was greatest even when 

the spawning migration of the pink salmon was nearly at its end. Sometimes, 

for example in 1961, the sex ratio starts with predominance of males but sub-

sequently follows no strict rule: sometimes it is equal, sometimes numerical 

predominance of females over males changes to the opposite ratio several times 

in succession. 

1All other qualitative parameters of the pink salmon also were determined 
by analysis of catches. 
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The pattern of fluctuation in the sex ratio of the pink salmon during

the run, as the figures given above show, is very complex. This is not due,

as it is with the chum, for example, to the three clearly marked migrations

which differ from each othér in the length, weight, and age of the individuals.

The dynamics of the pink salmon run, with more or less sharp fluctuations in

catches from day to day, as was shown above has a unimodal or bimodal curve

and it serves to distin8uish clearly the main run of the fish as well as the

beginning and end of the spawning migration. If the spawning migration of

the pink salmon is examined from the point of view of these periods, the sex

ratio in them for year-classesof 19,58-1961 can be represented as follows

(Table 34).

In most cases pre:dom.inance of males is characteristic of the beginninÛ

1 The sex ratio was not studied at the beginning of the spa^^.ning mi{;Tation.
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=TR 35. Sex Ratio of the Pink Salmon in Spawning Grounds (data of Amurrybvod) 
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of the spawning migration, as the results in Table 34 show; in 1959 and 1961 

it would probably have appeared higher had the observations included fish from 

the first of the spawning runs, containing what are known as the "messengers". 

During the main run the sex ratio was almost equal, although males predominated 

slightly. At the end of the spawning migration as a rule females predominated 

somewhat, but sometimes, as in 1960, the sex ratio was reversed. 

The sex ratio of the pink salmon during its main run was different in fish 

caught on the left shoreof the Sound. For instance, in the district of the 

Ozerpakh Fishing Combine in 1951 the ratio of males to females was 1: 1.4 and 

in 1952 it was 1: 1.3. 	In 1956 and 1957, in the region of the Tneivakh fish 

factory the number of females also was higher than the number of males. It 

is difficult at present to say whether this difference in the sex ratio of the 

pink salmon caught by fisheries on the right and left shores of Amur Sound 

is accidental or not. However, it agrees sufficiently closely with the sex 

ratio for pink salmon from the Rivers My and Amgun' (Table 18) to suggest that 

migration of the Amgun' stock of pink salmon takes place along the left shore 

of the Amur Sound. 

The mean sex ratio of the pink salmon for the whole of the spawning migra-

tion from 1958 to 1961 is given in Table 33. These figures agree completely 

with the sex ratio of the pink salmon determined during its main run in these 

same years (Table 34). The sex ratio in the stock is naturally determined by 

the sex ratio of the fish during the main run, for the relative number of pink 

salmon at the beginning and end of the spawning migration is small. These 

figures show that from year to year sometimes males and sometimes females 

predominate in the stocks of pink salmon from 	Amur Sound, although the 

411› 	
ratio between the two sexes  romains close to . 1: 1. 

Burin  g spawning of the pink salmon the impression is obtained that males 



- 93 - 

predominate considerably. 	In 1.1. Kuznetsovls opinion.this apparent predom- 

inance is explained by the earlier  maturation of the males and their partici-

pation in spawning not with  one,  • but with several females (Table 35). In 

fact, the sex ratio of the pink salmon in the spawning grounds as a rule 

shows some predominance of females. Probably the males die first in the 

spawning grounds. This could also be explained by their earlier readiness 

for spawning (Soldatov, 1912), a process accompanied, as will be shown below 

(Lysaya, 1951) ,by the accumulation of large quantities of toxic urea in the 

blood. However, the observed difference in the sex ratio of the pink salmon 

from 	Amur Sound and the spawning grounds cannot be taken as significant 

for in both cases the sex ratio still remains close to 1: 1. 

It is difficult to say how this equal or almost equal sex ratio of the 

pink salmon is achieved. We know from the work of Persov (1965) that in 

pink salmon embryos and in larvae in the period of hatching and shortly after-

wards (length 24-30 mm, weight 120-226 mg) the gonads of all individuals are 

ovaries. The testes form much later and their appearance is preceded by 

redifferentiation of the ovaries. In general the sex glands develop earlier 

in the pink salmon than in other salmon of the genus Oncorhynchus,  and this is 

evidently related to the earlier onset of sexual maturity. 

2. 	Dimensions. and 7:eight 

In the course of 16 years of investigation of the pink salmon (1930-1963) 

among sexually mature fish mir=ating into 	Amur Sound none was found with a 

length  (Ac) below 28 and above 66 cm or with a weight below 245 and above 3 800 g. 

Fish with these extremes of size and weight are very rarely found and all the 

subsequent argument is thus based entirely on average values characteristic of 

the stock as a whole. 

/59/ 
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1,1a,1es of the pink salmon, as of other Pacific salmon, are usually somewhat 

larger than the females. An exception to this rule  vrac the first spawning 

migrations of pink salmon  in  1958 when the females were larger (Table 36). 

The dimensions of the pink salmon vary differently from the beginning to 

the end of the migration in different years. Their variations can be studied 

more correctly in relation to body length (Od), which does not vary with the 

appearance of the breeding colour. The dimensions of the males in 1959-1961 

and of the females in 1959 at first increased slightly in the course of the 

migration and then decreased (Table 36); only in 1958 did they increase 

steadily for the males. 	In females in 1960 and 1961 a decrease in size was 

observed toward the end of the run, and in 1958 their size sometimes decreased, 

sometimes increased from beginning to end of the run. Variations in size of 

the pink salmon in the course of the spawning migration in 	Amur Sound were 

not regular in character in earlier years either. This phenomenon is evidently 

due to a random combination of various fish differing in their rate of growth. 

This view is supported by the results of measurement of pink salmon at parti-

cular periods of the run (Table 37). 

Wherever salmon fishing is undertaken commercially the size of the salmon 

varies in even and odd years. These variations are considered to be attribu-

table to differences in the abundance 	of the odd and even year-classese 

pink salmon. Usually the Amur pink salmon is larger in years when it migrates 

in smaller numbers, and conversely, it is smaller in years of more abundant 

migrations. The appearance of large fish in the first catches is regarded 

in the industry as an indication that the migration of the salmon will be small; 

conversely, if small fish are found it heralds an abundant run. 

Durin2; the last 15 years there were two maxima in the pink  saloon  popula- 

tion s of the  iver .rlur: in 1948 and 1958. 	The fish in these years were the 
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smallest in size. The pink salmon was also very small in 1926 and in 1928

(Vorotnikov, 1927; Plavdin, 1932), when the level of the stock was exceptionallJ

high. After 1948 the numbers of even year-classesof the pink salmon have

reduced sharply and in subsequent cyclicyear-classes the fish have been even

larger than in odd years. T:_igration of large fish in spa:.ning stocks of even

year-classes continued until 1958 when, just as in 1948, an abundant year-class

of pink salmon consisting of small fish returned to the 11mur (Table 38).

Differences in the size of the pink salmon in even and odd years are /60/

explained by Birman on the grounds of differences in the ecological conditions

of the maritime period of their life and differences in the duration and fre-

quency of feeding migrations; 1?ccording, to Ka,:-anovskii (1949) they are due

to differences in the adequacy of the food supply for the pink salmon stocks

(the effect of competition for food is ruled out in this case). This would

be an indisputable argument were it not for one fact. The pattern of varia-

tion in the number and size of the pink salmon is not regular, for the size of

the fish is almost identical in year-classesdiffering in their abundançe

For example, the year-class of pin!- salmon returning to the Amur in 1957 was /61/

very small in number compared with the year-class taltiing' part in migrations

in 1956, but the size and iveig ht indices were essentially the sa.me: the dif-

ference in size was only 0.7 cm and the difference in weight 189 g, well within

the limit of accuracy of measurement. There was likewise virtually no differ-

ence in the size and weight of the pink salmon of the migrations in 1953 and

1956 and in those of 1961-1963, despite equally large differences in their

numbers.

This phenomenon is not confined to the pink salmon of the Ar:1ur basin. /62/

In the :Liver Iski, for ela-nple, which belon^•s to the basinin of the Sea of

Okhotsk, there was a relatively abundant stock of pink salmon in 1951 but the
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length of the fish taking part in it was just the same as in the 

much smaller year-classesbefore and after. 	In Primorle in 1948 and 1949, 

according to the observations of TIHRO, the pink salmon migration into the 

River Tumnin was.en a much larger scale than in previous years, but the length 

and weight of the fish remained alMost the same. This problem has so far 

received little study and it may be that variations in the quantity of food 

available for the pink salmon in the sea play an important role. Be that as 

it may, not all changes in the pink salmon population are reflected in its 

qualitative indices. Accordingly the view formerly held that a 

. small stock of pink salmon.  consists of relatively larger fish, and a large 

stock of smaller fish, is highly oversimplified. . 

I shall not make a closer analysis of this problem here because it would 

need to be supported by concrete facts concerning the feeding conditions of the 

pink . salmon in the maritime period of its life which I do not possess. I shall 

simply state that if there is no constant and definite correlation between the 

size 	of the stock and the size of the fish, this means that the feeding 

conditions are not constant. 

Since the weight of the pink salmon correlates with its body length, it 

is subject to the same variations . during the spawning migration and from year 

to year as the linear dimensions and there is therefore no need to dwell in 

detail on this matter. I shall simply state that variations in the weight 

of individuals of the same population and between individuals of different 

year-classes can be very considerable (Table 39). 

3. Scale Structure and Rate of Growth 

11, 	
Variations in the size of the pink salmon are due to inequality in the 

rate of growth of the fish. 	Some  idea of the character of erowth of the 
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individual pink salmon and of its populations as a whole is given by the scales. 

An investigation of the character of growth of the scale (Enyutina, 1963) gave 

the following results: 

a) In males and females of the same size differences in the mean length 

of the scale and the mean number of sclerites do not exist or, in other words, 

the character of growth of the scale is independent of the sex of the pink 

salmon; 

b) With an increase in size of the fish the number of sclerites in the 

first year's growth changes on the average very little, but the increase in 

the number of sclerites in the second year's growth is very considerable; 

c) Although differences in the time of the downstream migration ana 

individual differences 	in the growth of the fish together determine the 

existence of small and large individuals during the first year of life, it is 

ultimately the rapid growth of some fish and the extremely slow groWth of 

others in the second year of life that is responsible for the considerable 

difference found between the size of adult individuals; 

d) Scales in the second year's growth of the pink salmon of the last 

spawning migrations have more widely spaced sclerites, their number is directly 

dependent on the size of the fish,, but it is usually smaller than for fish of 

first upstream migrations; 

e) In fish of the same spawning area the scale structure does not 	/63/ 

stay the same in different years: the number of sclerites varies in the 

fingerling, in the check, and in the second year's growth, and the sclerites 

are sometimes more closely packed, sometimes more widely separated. 

In contrast to the ordinary type of scales,with only one zone of narrowed . 

111, 	
sclerites or "check," scales with an additional ring of narrowed sclerites in 

the nuclear part are sometimes found in the pink salmon, and the epithet "finger- 
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ling" has been aPplied to it any investigators have observed it. This ring 

is sumposed to be formed by delayed growth of the fish and it is laid down 

(Vedenskii, 1954) at a time when the young pink salmon is leaving the coastal 

waters for the open sea. 

In different parts of the Amur basin and neighbouring districts (Schast'ya 

Bay, the continental shore of the Tatar Straits, Forth Primor'e) in some years 

pink salmon with additional rings on the scale are found in large or small 

numbers simultaneously (from 0.1 to 35.2 	but in other years they are no- 

where to be found. The results of observations to study the frequency of the 

fingerling ring in the pink salmon in open waters of the Sea of Japan, in the 

rivers of Primorle and the Amur  basin, as nyaguchi (1959) points out, are 

clearly in agreement. The character of variation in the incidence of additional 

rings on the pink salmon in 1955-1958 was similar for the Amur basin and the 

basin of the Sea of Japan (Enyutina, 1962). 

In the pink salmon in neighbouring spawning areas (the Rivers iski, Amgun', 

Py) in some years the additional ring is laid down at the same time but the 

frequency with which it is found is not always clearly connected with the 

abundance of the pink salmon Population in each river. 	On the whole, 

for the pink salmon migrating into.the Amur basin Lapin (1963) found the addi-

tional ring much more often in small populations. Given identical 

hydrological conditions (water level) this can evidently be explained by the 

earlier downstream migration and the longer stay of the young fish in the 

coastal zone, on account of its delayed departure from the coast in search of 

food. 

The calculated body length, the scale length and the number of sclerites 

in the period of formation of the second zone of narrowed sclerites in fish 

with type 1 (1) 1 scales are on the average almost the same as in yearlings 

'The  conventional way of describing a scale with an additional ring. 
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with the typical 1 4. scale structure. 	Consequently the formation of the 

additional ring on the scale does not reflect delayed growth  of the fish. 

It can be concluded from the structure of the scale, from back-calculations 

of the length, and from Birman's data (1960) for the maritime period of life of 

the pink salmon that the additional ring in the nuclear part of the scale is 

formed in the sea about in July-ilugust, i.e., before the end of the summer 

feeding period. 

Considerable variations in length (not exceeding 23 cm) are observed in 

individuals of the same population in both the first and the second year of 	/64/ 

life (Table 40). 

Comparison of the changes in the mean values of the body length with 

changes in thenumbers  of the Amur pink salmon (Enyutina, 1955; Krykhtin .  

and Smirnov, 1962) gave the following results: 

a) With a considerable increase in the population of the spawning stock 

the dimensions of the fish (and also its weight and fecundity) diminish appre-

ciably; conversely, with a marked reduction in the population they increase; 

b) Indices of length (and weight) may be almost identical in spawning 

stocks of different numerical size; 

c) If spawning stocks are nume'rically very small for a number of years, 

their quantitative indices will vary in different years. 

Variations in body size in numericallY different pink salmon stocks have 

been explalned conjecturally by inequality in the available food supply per 

individual in years of poor catches and of abundance (Kaganovskii, 1949; 

Uikol'skii, 1950) and by differences in the time when the'young fish reach the 

feeding grounds, which depend on the time of the downstream migration of the 

fry from the rivers (Krykhtin and Smirnov, 1962). 	In 1954-1962 as a result 

of investigations of the salmon at sea facts were obtained to show that in yeprs 

of large salmon populations the food relations with the chum and sockeye become 
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TrBI;' 40. Growth, Scale Structure and. Population of the Pink Salmon in the River Yy in the

Period 1950-1959

1^anHa
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----- ^ __^
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1951 5t1,7
1952 52,0
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and Different Year-Classes in 1>zIlur Sound, N. Fronge
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acute; as a way out of this contradiction and as an adaptation to the new 

feeding conditions the pink salmon can broaden its food spectrum and change 

over partly or completely to forced feeding, with a resulting decrease in the 

rate of iTowth and of maturation of the fish (Andrievskaya, 1966). This ex-

plains the decrease in size of the pink salmon in years when the population of 

the stock is considerably increased. 	The data in Table 40 show, however, that 

in years of high salmon catches there is not necessarily any decrease in size 

of the fish, as will be clearly seen by the growth of the salmon born in 1954. 

If the feeding grounds of the pink salmon and summer chum in the sea 

actually coincide, as Hirano (1951) asserts, growth of the pink salmon must be 

definitely related to the summer chum,numbers. 	We should therefore be 

right to expect a decrease in size of the individual pink salmon in the spawning 

year-class of 1956, which fed simultaneously with the abundant year-class of 

summer chum born in 1954. However,  the  contradiction in this matter simply 

serves to emphasize the complexity of the growth pattern of the pink salmon 	/65/ 

in different - year-classes. 

A technical conclusion can be drawn from the facts described above; 

comparison of the pink salmon caught in different districts on the basis of 

its scales is possible only in the same year and in fish taken for analysis 

at the same periods of the spawning migration. 

4. 7eight and Ripeness of the Sex Products  

The pink salmon reaches 	Amur Sound with sex products of different 

ripeness, ranging from stage II to stage V, using L.S. Bergls (1935) five-

point scale, slightly modified by A.G. Smirnov, but in most cases in stages  II-

III, III-II and III. Rireninc of the sex products in fresh water takes place, 

just as it does in other Pacific salmon, throus;11 the action of Eonadotropic 
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horr.iones in conjunction with increased activity of the th;,rroid gland (Hoar,

1953)•

The .7ei,;ht of the sex products in male and female pink salmon differs and

as a rule is directly dependent on the size of the fish. During the sparming

migration in Amur Sound the absolute weight of the testes and ovaries in-

creases; so also does the relative weight of the E;onads ( the weight of the

gonads as a percentage of the body weight), reflecting the degree of their

maturation (Tables 41 and 42).

The data in Table 42 show that the pink salmon migrates into Amur

Sound at different degrees of maturity in different

taries the gonads undergo further maturation (Table 43).

maturity (Nil,ol'skii,

As the pink salmon ascends from Amur Sound into the spawning tribu-

years; on the average,

however, the relative weight of the gonads or coefficient of

1938) is 5.0 for the males and 7.5 for the females.

TABL^1] 41. Changes in Absolute ^;'eight of Gonads (in g) of the Pink Salmon
in Ainur Sound at Different Stages of the Spax.ning Migration,
N. Pronge

1958

. l9S9

I9fi0

1961

Fia,la 10

ï1epEia1 xo;1a

3 I atacCOt3tlii ^ Kotlett

51( 3-•130) tïd(15^^(62) 74(11- 180)
76(27-127) (2 fi- liïl) 105(4S-223)
.55( 5--.125) 87(10-220) 113( 2-224)
75 (14-130) 106 (19-250)_ 147 (60--284)
54(10--128) 69 (13-2-905) 91(25-195)
74(30-132) 89 (35-• 192) 114 (10-210)

- 100( 9-230) 123(23-265)
110 (37-221) 138 (2"-360)

tlpunievaFme, B ntc,i^rreac - camuu, n nfia^ieEiareae -- cammi.

Cpe,zFIee 3a ce3o11

6^1( 8-130)
80(26-223)
86( 2-224)

107(19-2S1)
69(. 10-205)
89(30-210) •

105( 9-265)
11ï(22--a10)

7

IT,Y: (1) Year (2) Period of migration (3) I3eginnir-g (4) T?ain run (5) End
(G) ::ean for the Üeason (7) l ote. I,:ales in numerator, feE:ales in
denoni nator.

In the 11!^;,̂ 1uzl ,;,rhere artificial pink salmon breedin2: has been b,:,,0un, the

uco of brood stock for fish breeding purposes is adversely affected by tlie



TABLE 43. Changes in Coefficient of Maturity of the Pink Salmon Between . 
 Amur Sound and Spawning River 

-- 
• . 	1, 	, 	1050.41.-- 1 	151,i? 	1 	1952,1.< 	I 	1953,---  • 1 	 . 

	

. 	Mec-ro .108i1 	 . ! 	.%-'«. 	 i . 	5.-- 	(./ 	i 	51 le) j 	• -1 	C,:,. . 
,camu.bo cammiIcamitht Ca NIKIf Ca M Wei I camma CaM11,1,1 Ca MI;11 

I 	■ 	1 	 . 	I 	l 	' 	I 	s 	■  

'2- .11uNtaa Amypa. 0. -tepnax . 	4,6 	7,0 	' 	3,6 	8,1 . 5,4 	7,6 . 4,9 	7,6 
?, P..Amryab, ce.ao Ceprae-  

- 	Maxaiinoncuoe 	 6,1 	7,8 , 	7, 9 	9,8 	6,4 	9,0 	6,8 	9,3 
. e- P. 11m, cc.lo Kpacithul 51p 	7,2 10,1 	8,1 	13,4 	7,3 14,3 	8,1 	12,6 

KEY: (1) Place where caught (2) Amur Sound, Ozerpakh (3) River Amguni, 
Sergie-rUkhailovskoe Village (4) River Im, Krasnyi Yar village 
(5) Kales (6) Females 

• 

• -  105  - 

TABLE 42. Changes in Relative 7eight of Gonads (in per cent of body weight) 
of the Pink Salmon in . Amur Sound at Various Stages of the 
Spawning Migration, N. Pronge 

• 

II_  1058 

u 1 -1 
icaml camtm 
1 

• - 1959 p( 

Le I I 
camubt I Ca NI I:11 

1960 	1 	19614( 
- 

Icamum caNurit camithi 	camKu 
I leptioz, wait 

Ilatia.-ro 2 	. 	5,7 	7,8 	3,7 	5,2 	.3,8 	6,4 • -- : - 
Maccoauft 3 	6,1 	8,6 	4,8 	. • 	7,1 	4,2 	6,8 	4,7 	6,6 Konen • i.-i-- 	7,0 	11,1 	n,! 	9,6 	6,3 	10,0 	6,3 	9,1 
Cpe,Inee 311 ce3oa 	6,2 	8,7 	4,8 	7,1 	4,2 	. 6,8 	5,1 	7,2 - 

.5,- 

1Y: (1) Period of migration (2) Beginning (3) Main run (4) End (5) Mean . 
for the season (6) Males (7) Females 

inadequate maturity of their sex products. In the sector of the Amgunl 

nearest to the Udinskii factory, near the village of Sergie-Mikhailovskoe, 

the coefficient of maturity (Table 43) was much lower than in the spawning 

river 1m, although it varies from year to year depending on the state of 

maturity of pink salmon migrating into the Sound and on the water temperature 

during the spawning run. 

The pink salmon takes on the average 10 days on its journey from Sergie- 

Mikhailovskoe village to the River Im. 	Conseauently, to attain the degree 

of maturity of the gonads characteristic of fish in the spawning river, salmon 
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of the main run would have to be kept in the tanks of the fish-breeding 

factory at least 10 days, and in order to obtain brood stock for the current 

year they would have to remain for much longer. 

In spawning rivers where under natural conditions the final maturation 

of the fish takes place the sex products reach their maximum of development; 

the relative weight of the gonads in female pink salmon may reach 25 c/,, but 

in males, on the other hand, it decreases and this is accompanied by lique-

faction of the sperm (Table 44). 

TABLE 44. Changes in Coefficient of Maturity of the Pink Salmon at Different 
Periods of the Spawning Migration, River 1m, 1951 

- 	« 	 . 
• Mac•  come( I 	5,2-7 15,0 	. 	8,1 	«, 	8,F.;-22,4 	13,4 

Koneg 	"• 	 3,8-10,9 	5,6 	• 7,5-7-24,7 	13,5 
• 

KEY: il) Period of migration (2) Main run (3) End (4) Males (5) Variations 
6) Mean (7) Females 

In the pink salmon,  as  in other Pacific salmon, the development of the 

sex products during starvation at the time of the spawning migration takes 

place at the expense of nutrients dtored in the body, with the result that 

the level of nutrition falls sharply (Table 45). 

The state of maturity of the gonads is very dependent on the condition: 

for females of equal size and 42-43 cm in length in the River Amgun ,  the coef-

ficient of correlation in 1948 was r = -0.84. 

5. 	Breeding Colour 

In the pink salmon, as in other salmon of the tenus  Oneorhynchus,  during 

the spawning migration parallel with maturation of the gonads the breeding 
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colour is formed. In the mouths of the rivers the Iirst arrivals of the pink 

salmon as a rule consist of individuals with no visible external "nuptial" 

changes: the fish have silver scales and they appear well nourished. Some-

what later, with an increase in the scale of the run, fish begin to appear 

with slight evidence of a breeding colour, shown to begin with by the males. 

At the end of the spawning migration the number of spent fish increases con-

siderably and the nuptial changes themselves become increasingly more marked: 

the scales lose their silver colour, dark pigments appear on the body and in 

the mouth, the body becomes appreciably flattenedfrom the sides, and a hump 

appears on the back of the males. . 

TABLE 45. Changes in 7eight of Gonads and in Condition of Female Pink Salmon 
During the Migration, River Amgunt, 1948 

• 9- • 1,In:11,, 	1 . 	40-175 	110 	4,5--14,2 • 	10,1 	1,25 	87 
• II 	45-190 	110 	5,7-18,4 	10,6 	" 1,19 	145 

. 	' 	III 	65-165 	116 	6,3-14,4 	11,0 	1,18 	40 
'1 	IV . 	80-165 	115 	6,9-14,7 • 10,8 	1,16 	20 – 

., 	AurycT, 	I' 	100-250. 	151 	7,3--22,5 	17,3 	0,97 	95 • 

KEY: (1) Month, five-day period (2) July (3) August (4) Absolute weight 
of gonads, g (5) Variations (6) Uean (7) Relative weight of gonads, 
per cent (8) Condition factor  (9) Yumber of fish 

Similar changes in the degree of breeding colour are shown by the fish 

during their ascent to the spawning areas. Whereas in 	Amur Sound most 

pink salmon have ill-defined nuptial changes, most of them in the spawning 	/68/ 

rivers and, in particular, at the spawning grounds have a well-defined breeding 

colour. 

For convenience in describing the degree of nuptial changes in the pink 

salmon the following scheme is used by the Amur division of TIHRO for biological 
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analysis: 

Stage 1. Features of external nuptial changes absent. rales difficult 

to distinguish from females by external appearance. 

Stage 2. Slight curvature of the upper jaw of the males and appreciable 

increase in height of the spine. Readily distinguishable from females by 

these features. The fish at this stage have scales that are easily removed, 

an unchanged body colour, and a well-nourished appearance. 

Stage 3. The jaws are appreciably lengthened and curved and possess 

well-developed teeth. The body is appreciablyflattened from the sides and 

considerably enlarged in depth (in the males). The body colour is yellowish-

grey, with prominent brownish-yellow spots. The scales are difficult to 

remove. 

Stage 4. Snout beak-shaped. Body and head considerably flattened from 

the sides, well-developed hump, colour variegated. Brownish-purple hues are 

predominant, especially on the gill covers, fins, and on the body above the 

lateral line. Below the lateral line the colour is pale yellow, with a 

greenish hue.. The scales cannot be removed. The fish has an extremely 

emaciated appearance. 

Stage 5. 	Kelt. 

Considerable changes take place in the pink salmon during the development 

of the breeding colour as a result of hyperplasia of the bone and cartilage 

tissues (Chernavin, 1918). 	The greatest changes affect the premaxillary bones 

(especially in males): on account of some lengthening and, chiefly, growth of 

the cartilage on the small, toothless ossicles, not reaching the end of the 

snout,  ver;- large bones with pOwerful teeth, covering the whole anterior border 

of the rostrum, are formed. The maxilla and mandible are also appreciably 

lengthened and large, curved teeth grow from the latter. On account of growth 
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of the prenasal part the chondrocranium is greatly lengthened, while the 

cartilaginous rostrum grows appreciably in width also; parts of the skull 

not closed by bone lying posteriorly to the rostrum also become thicker. The 

formation of a hump in males is connected with lengthening of the bones of the 

spine, the lower ends of which fit between the spinous processes of the verte-

brae. 

Soldatov (1912) observed considerable variation in the degree of develop-

ment of the sex products of female pink salmon in the absence of a breeding 

colour many years ago. 	The observations of Birman (Abramov, 1953) showed that 

of six male pink salmon with almost liquid testes, i.e., in stages IV-V of 

maturity, found in , Amui'  Sound in 1948 only two had a well-marked breeding 

colour, in two others the nuptial changes were hardly visible, and the other 

two males had a silvery colour. This suggested that the breeding colour of 

salmon is not the result of intensive development of the sex glands, as 

Kuznetsov (1937) postulated. 

my own material, given in Tables 46 and 47, also shows that an equal 

degree of maturation of the gonads does not necessarily mean an equally well 

marked breeding colour, although a pink salmon in a distinct breeding colour 

as a rule has sufficiently  well  developed sex products. 

TABLE 46. Degree of Eanifestation of Breeding Colour by Pink Salmon with 
Gonads in Stage IV of raturity, River Amgun' 

Ilpingenanne. B tific,inre.ue 	camnbi, n 3n3menalc.1e 	camn.. 

ICY: (1) Year (2) Stage of breeding colour (4) Number of fish (5) Note. 
7 -a1es in numerator, females in denominator 
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TABU',, 47. Stages of ?'._aturity of i.°ale Pink Salmon in Stage 4 of Breeding
Colour, River Amgun' , 1950

_ ---- -- j I

iConWtecTeo
111

['i)'lé!;l_`_--^_•I,l.TÜ^q}tll 3j):':(0C'PI1
yttcao ptA

WTYK 8
% 5 ,5

( III-IV 1V 1V-V

69 67 1 145

47,6 46,2 0,7 100

IEY: (1) '_'TIumber (2) Stages of maturity of E:onads (3) iTumber of fish

(4) Fish

This suggests that the development of the breeding colour is related not

only to the maturation of the sex products; certain other factors are un-

doubtedly concerned. Abramov (1953) considers that it is preferable not to

use the term "breeding colour" to apply to fresh-water features of adult sàlmon,

and that since they appear in salmon as a result of morphological and physio-

logical changes1 with the participation of the organ of-vision 2, they axe

protective at the spawning grounds and are devêloped in the course of evolution

of the salmon as an adaptation to the environment. As the information in these

tables shows, the absence of strict correlation between the state of the gonads

and the de6rree of nuptial changes confirms Birman's-viesr that "maturation of

the gor_ads and development of the breeding colour are simply two processes

that have undergone parallel development."

6. Fecundity

It will be clear from Table 48 that in 12 year-classesof the =mur pink

salmon all pars,meters connected with fecundity are grouped together for even

and odd years.

1`_^'he physiolo,^,y of the process of their for. ;ation has not yet been
e..nla.ined.

2`.^lle pil_':; salmon, when it can no longer see, still romains a smolt.



TABLE 48. Changes in Fecundity and other -Qualitative Parameters of the
Pink Salmon in . Amur Sound in 1950-1963

Anima Te.-fa 2.Fi BCC Tesa r
Aûcoa ;^rytasl nno o- ^ ^ ^ ^F1UI.33ATC_!L UT11üCl11^.1[,I;^,St 1

AC, CSl r Bt{TOC?b ^ 1t09( 1( litl(Sf-
^^

eIIT VrISITaIt-
n

fi!: }91S}Ir r_ ! IT110^1Q..;70C'l'L
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^
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,
1-f 11OC7'II

II.7:,1(Oü 1U10
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C1'.l'Z
>

fi0 1CFi1ti1!5l
•

C11C7Iil C QCf)aIISI^1<U 1)CaIiCL
(Q-q)

^U1511TOCT1i
( r

(L^CI)
r1 r t

L ce
. 13 At' L> -•4

I I

195•3 38-55 46,6 600-2500 127G 600-3200 1473 1,18

1932 40-57 47,1 650-2170 1383 700-3150 16G0 1,22

375. 31,6 1,24 221

362 35,2 1,30 475

1956 • 37=5G 45,4 850-2250 1278 6215-2720 1390 1,23 377 30,6 1.21 744

1958 34-50 .41,9 450-1570 932 456--19-37 1141 1,15• 310 27,2 1,35 1157

1960 37-52 44,5 600-20•10 • 1212 • C72-2790 1459 • 1,26 339 32,8 1,31 817

1962 37-54 47,6 450-22,,0 1540 777=2996 • 1696 1,31 397 35.G :1,20 418

1951 39-53 46,5 750-2050 . 1295 835-2382 •1502. 1,19 • . 346 34,2 1,34 457

1953 41-55 48,2 840-1950 1383 900-2700 1642 • 1,14 . 373 34,1 1,29 103

1'.157 38-54 46,9 750-2100 1464 519-2734 1604 1,29 390 34,2 1,23 396

19î,9 33-57 47,6 380-2540 1498 32.7-3178 1644 1,27 400 34,5. 1,19 1015

19::1 40-56 47,3 770-2600. 1516 7C'0-2858 1832 1,31 358 38,7 1,32 672

19033. 35-55 47,6 530-2500 1547 675-3066 1669 1,35 '424 35,1 1,12 499

ii

IMy: (1) Year (2) Body length AC, cm (3) Variations (4) 1: ean (5) Body weight, g
^6) Absolute fecundity (8) Condition factor (9) Index of individual fecundity
10} Relative fecundity (11) Number of fish
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This Table shows that variations in individual fecundity of the pink 

salmon are very great. Its mean value also fluctuates considerably. . In 

the years under consideration the differences in the mean fecundity of the 

pink salmon in even and odd year-classes 1-mve diminished aDpreciably: in even 

years the fecundity was 1470, but in odd years 1664 eggs, whereas in 1925-1934, 

according . to  Kuznetsov (1937), the corresponding figures were 1221 and 1717. 

The explanation of this fact may be as follows. 

For the Amur pink salmon 1925-1934 was a period of sharp fluctuations in 

the numbers of consecutive year-classes( 

in even and odd years differed considerably at that time. Fecundity, however, 

directly dependent on the size of the fish, was on the average 500 eggs greater 

in odd years than in.even. 	In the period 1950-1963 no regular variations in 

number were found in even and odd years. The pink salmon stocks of even 

year-classes were high only in 1956 and 1958, but in 1950, 1952 and 1962 they 	/71/ 

were depressed. Because of the larger size of the fish in 1950, 1952 and 

1962, as the figures in Table 48 show, the fecundity was almost at the level 

of odd year-classes; for that reason the difference in fecundity of the pink 

salmon in even and odd years was on the average only 200 eggs in 1950-1963. 

Correlation between the fecundity of the pink salmon and its linear 

dimensions is, however, not always observed (Semko, 1939; Dvinin, 1952; 

Enyutina, 1955). According to my observations the degree of correlation 

between fecundity and size is low: the coefficient of correlation for 1950 

is +0.25. 

The.fecundity of the pink salmon varies regularly not only with the size 

of the fish. As Fig. 10 shows, in two consecutive year-classŒmdth consider-

able differences in abundance size, fish with the same dimensions differed in 

fecundity. The increase in fecundity of the pink salmon in 

Table 3); the dimensions of the fish 

the year-classes of 
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1949 and 1959, which were of low abundance, could have 
taken place only 

because of a decrease in size of the eggs, and this is confirmed by the evi- 

dence in Table 49. 
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Fig. 10. Correlation between length and fecundity of the Amur pink salmon 

for year-classes of high and low abundance. B5 large'. numbers; 
I) 1948, 2) 1958; A) small numbers; 5) 1949, 4) le59. 

Key: (1) Number of eggs (2) Length AC, cm . 
- 	 • ________ 	 

4 
A 

2  
V 8 

TABU 49. Size of -Eggs in a Sample 7eighing 20 g from Pink Salmon 43-45 cm 
in Length 
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A decrease in size of the eggs of pink salmon belonging to stocks of 

low abundance 	is constantly observed. In the River Amgunt, for 

example, the four year-classesOf  pink salmon after 1949 were represented by 
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extremely small numbers and the number of eggs in a sample Weighing 20 g from 

fish 43-45 cm long in Stage IV of maturity of the gonads  rias  284, 220, 257 and /72/ 

270 after 1950. 

The low level of correlation between the size of the fish and the size of 

the eggs at the same stage of maturity (the coefficient of correlation for 1950 

and 1951 is -0.21 and -0.31 respectively) is the reason why the pink salmon can 

maintain its characteristic fecundity as a species even when the abundance 

of the stock decreases over a period of several years. 

The fecundity of the pink salmon is more dependent on body weight than on 

body length; the coefficient of correlation for 1950 was +0.33. 	However, 

this degree of correlation is nevertheless very small, so that the weight of 

the pink salmon is not always clearly reflected in its fecundity (Table 48). 

gl, 	

In the 1961 and 1962 year-classespf pink salmon, for example, despite the same 

mean weight of the fish the difference in fecundity was 136 eggs. Characteris-

tically no difference  rias  observed in the size and condition of the fish forming 

these year-classes,but their numbers were equally very  lori.  

The absence of high correlation between . body weight and fecundity in 

year-classes of even and odd years, as with year-classesyf high and low abundance 

is clearly reflected in the relative fecundity (  r  ) 1 . Another index 
Q 

of relative fecundity, expressing the ratio between fecundity and body length 

g) is higher for the smaller year-classes 	of pink salmon (1952, 1961, 
AC 

(1962) and lower for abundant Y ear-classespf  pink salmon (1956, 1958). 

These facts on relative fecundity are in agreement with the similar 

observations of Semko (Kaganovskii, 1949) on the Bolisheretsk pink salmon 

which show that definite differences between even and odd year-classee the 

1
The weight of the gonads, which increases considerably toward the end 

of the spawning migration (Table 41), is excluded from the body weight both 
here and in ioganzen's (1955) Index of Individual Fecundity. 
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rink salmon (i.e., yielding good or poor catches) are revealed by the ratio 

of fecundity, net to body weight, but to body length. For this reason the 

index of individual fecundity for the pink salmon does not,show any regular 

correlation (Table 48). Fecundity is even less closely connected with the 

condition of the pink salmon. The condition factor for fish with approxi- 

mately the same fecundity varied in 1952, 1953, 1957, 1959 and 1963, according 

to my observations, from 1.14 to 1.35, whereas in 1952, 1956, 1959 and 1960, 

fish of about equal condition had fecundity varying from 1390 to 1663 ep:gs. 

As these observations showed, neither the length nor the weight of the 

. pink salmon reflected any appreciable changes in its fecundity. The main 

parameter determining the fecundity of the pink salmon is the size of its 

eggs, and this depends not only on the size of the fish but also on the 

abundance of the spauning year-class of the species. 

• 7. Changes in the Blood Picture  

The investigations of Lysaya (1951) in 1948 and 1949 showed that the 

blood picture of the pink salmon varies considerably as the fish migrates 

from Amur Sound to the spawning grounds (Table 50). 

The red cell count, haemoglobin concentration, and the concentrations of 

sugar and osmotically active substances (chlorides, calcium) are lower in the 

spawning grounds (the Rivers Samnya and Im) than in Amur Sound (Ozerpakh, 

N. Prange) but the erythrocyte sedimentation rate (ESR) and the urea and total 

' 	nontrotein nitrogen concentrations are higher. 

Changes in the concentrations of the physiological and biochemical com-

ponents of the blood were observed at the extreme points of the spawning migra- 

111, 

	

	tion of the rink salmon (from Amur Sound to spawning grounds) and they depended 

on the stage of sexual maturity of the fish. This provided the basis for the 
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TABI^, 50. Physiological and Biochemical Changes in the ^31ood of the Pink
Salmon in Connection with the Spawning ll'igxation
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conclusion that changes in.the physiological state of the blood depend on

ripening of the sex products. A sharp increase in the blood urea of salmon

in the spayrning grounds was attrib`uted by Lysaya to the irregular protein

breakdown taking place as a result of severe emaciation of the fish and the

almost total loss of the tissue carbohydrates and lipids. The urea initially

"retained" by the salmon for maintaining the osmotic ^ressure of the b7.ood

later exerts a toxic action, resulting in death of the salmon of the genus

C:•ncorhjrnchus a f ter sp^ x: ning.

S. Death Defore Spavrnin^7

Death of the pink salmon and summer chur.i before spw^j•ning is often observed
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in the spawning rivers of the Amur basin. According to figures obtained by 

Amurrybvod, in 1950, 1951 and 1953 the proportion of fish dying before spawning 

in the River My ras between 1.2 and 2.8.5", whereas in 1952 it was almost 17 

Among female pink salmon the mean mortality in 1960 and 1962 in the River Im 

was 1.6 c;", in the River Beshenaya 6.1 e;:;, and in the River Iski 10.0 5';. In most 

cases the dying fish were completely healthy in appearance. They were either 

smolts or fish with a well-developed breeding colour. Less frequently larger 

fish were seen that had died before spawning. Usually their body (particularly 

the head and fins) was infected with Saprolegnia; sometimes deep bites on the 

body, caused by the teeth of marine mammals, also were infected with Saprolegnià.  

	

Miether the infection with Saprolegnia was the cause of the disease and 	/74/ 

death or simply a complication of the main disease it is-difficult'to determine 

for no special investigations have been carried out in this direction. 

Death of the salmon before spawning sometimes occurs on.a massive scale 

and leads to considerable depletion of their stocks. 	In 1934, for example, 

in the River Bol'shaya on Kamchatka P.A. Dvinin and H.S. Semko observed massive 

mortality among the pink salmon soon after its arrival from the sea in the part 

of the river close to the mouth, as a result of the temporary development of an 

exceptionally rare oxygen deficiency. 

In 1955 A.P. Eakeeva (1956), working on the River My, discovered the cause 

of mass death of pink salmon when she found flagellates of the genus Trypano-

12,asma in the blood and coelomic fluid of fish that had died. The number of 

these parasites in the blood was 1.5 times greater than the number of red cells. 

Infection of the fish by the trypanoplasmid was shown to take place in the river 

through leeches Piscicola t7eometra, Hemiclepsis marginata, etc. 	The sick and 

dying fish looked quite healthy externally; at autopsy however, blood and a 

grossly enlarged, friable, chestnut-brown (instead of dark red) spleen were 
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found in the body cavity.

The wide distribution and large nw^,bers of these species of leeches in

the Amur basin and the discovery of Piscicola in large numbers on the pink

^
salmon (Lukin, 1957, 1062- lead to the appearance of epizootics in some yea.rs

on such a lar,-,e scale that they appreciably affect the numbers . of Pacific

salmon in the pre-sp^^rnin^ period.



VII. REPRODUCTION 

1. Spawning Rivers and Distribution 
of Brood Stock in Them 

The pink salmon.of the Amur basin as a rule reproduces in comparatively 

short rivers in the foothills from 10 to 200 km in length. The spawning 

grounds in these rivers extend almost continuously along parts of the river 

bed composed of relatively loose material. Inmost cases this material con-

sists of small pebbles or pebbles mixed with sand. 

Bpawning rivers are characterized by specific conditions of water level. 

It varies considerably during the year. It is noteworthy that the time of 

high water in the rivers of the Amur basin, unlike those of Kamchatka, usually 

does not coincide with the spawning period of the pink salmon and for that 

reason its reproduction is subject to much less wastage than on Kamchatka 

(Kuznetsov, 1928). The mean depth at the spawning grounds reaches 1.5 m. 

With a mean water level in the rivers the most typical depth at the spawning 

grounds of the pink salmon is 0.4-0.6 m. 7ith-a thickness of ice of 16-78 cm, 

the mean depth at the spawning grounds beneath the ice varies from 9 to 24 cm. 

Spawning rivers for the pink salmon also have a characteristic temperature 

pattern, distinguished by relatively  large  changes in the course of the 24 

hours (up to 5 °C in the River Yy). 

The rate of flow at the Amur spawning grounds of the pink salmon ie greater 
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than on Kamchatka and it averages 0.8 m/sec, with variation in certain years 

and in different rivers from 0.3 to 1.5 m/sec. However, as a rule the pink 

salmon will not spawn if the rate of flow is less than 0.7 m/sec (Soin, 1954). 

The hydrochemical conditions of spawning rivers have been studied suf-

ficiently completely by Vasil'ev (1959) and can be described as follows. 

The oxygen concentration (in mg/litre) is 8-10 in summer, 11-12 in autumn, 

7-8 in winter and 8-9 in spring; the free carbon dioxide concentration (in 

mg/litre) is the same (1-5) in summer, autumn and spring but rises to 20 (or 

perhaps even more) in winter. Diurnal changes in the gas concentrations are 

very small and are observed only in summer. The gas concentrations in dif-

ferent parts of the rivers are usually about the same. 

Seasonal variations in pH in the spawning rivers are very slight, and the 

reaction is weakly acid, pH 6.1-7.3. 

The mineral composition of the water varies greatly in different spawning 

rivers but all are of the hydrocarbonate type. Their salt content is usually 

below 50-60 mg/litre and their total hardness does not reach 2-3 ° , i.e., the 

water is soft and has a low mineral content. The predominant mineral compo-

nents are bicarbonates, the mean concentration of which exceeds 30 mg/litre. 

The distribution of spawning stocks of pink salmon in the basin of a 

spawning river depends, as investigations carried out by TINRO in 1937-1941 

showed, mainly on three principal factors:- 1) the water level and flow . rateiti • 

2) the . 	scale 	of the run, and 3) the degree of maturity of the indi- 

vidual fish. 

If the water levels are very low the fish will select deep parts of the 

bed for srawning and will not enter the tributaries; higher levels lead to a 

wider distribution of the brood stock throughout the basin of the spawning .  

river. Abundant year-classes also make maximum use of the whole 
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spawning area of the river; the pink salmon in years of a large run will even 

enter some mountain streams. The first arrivals of fish usually ascend higher 

up the spawning rivers than the more mature individuals of subsequent runs. 

Having entered the spawning rivers with the gonads in stage V of maturity a 

pink salmon will not ascend higher but will spawn in the mouth or in the pro-

estuarine spawning grounds. The brood stock m towards the spawning places 

in groups of several score of fish, stopping periodically to rest in quiet 

places. The early arrival of a large number of males at the spawning grounds 

may have the result, as Strekalova (1954) observed, that the saine  male may 

spawn with several females during the spawning period. However, such a situa-

tion must evidently entail the repeated utilization of the sex products of the 

males. 

• 2. Spawning 

Having reached the spawning grounds the brood stock usually stay for a 

few days in pits or holes, after which they break up into spawning groups 

(usually to each female there are 3-4 males, but sometimes as many as 9-10), 

after which the female begins to excavate the soil, choosing the main portions 

of the channel where the rate of flow is high and silting is minimal; at this 

stage the males keep behind her. According to Soints (1954) observations in 

the River ry, the excavation of mounds continues on the average for 6-7 days. 

One, two or three nests will be made in them, 40 cm or more apart. A descrip-

tion by Taranets (1959) of the process of preparation of spawning mounds and 

the layin: of ergs  by the pink salmon in the basin of the  iver Iski is given 

below: 

"As the pink salmon digs a pit for the first nest, a wide ridge is formed 

behind it. 	ben  laying the first portion of eggs in the pit, on the floor of 
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which a larger pebble is always placed, the female nink salmon sprinkles the 

place with earth and starts to dig the pit for the second nest a little higher 

upstream. 	In most cases the eggs are laid in two portions; sometimes, how- . 

 ever, especially if the soil conditions are unsatisfactory, it is impossible 

to distinguish the two nests." 

The shape and size of the mounds depend on the rate of flow, the relief 

of the river bed and.banks, the character of the soil and the depth of water; 

the dimensions of the mounds evidently do not depend on the number of spawners 

(the population of the pink salmon stock in 1938 was high and in 1951 low; 

.Table 51). 

TABLE 51. b'ize of Spawning Mounds of the Pink Salmon in the Basin of the 
Rivers Iski (after Tarànets, 1939), Im (after Abramov, 1953) 
and My (data of Moscow State University, 1952) 

Pel(4,  roa 

i 	./.1.1firta 6yi-pi.t, cm 
,Ji '7 

uo.u.-6allitu I 	cpeariee  

1iJHprua 6y113n• 	thic.rio' 
1,e, I 

6yrpou Kwie6ainig 	cpeele 

••■••■* 	  

e, . 
, licsal, 1918 	118-932 	155 	58-118 	: 84 • 	14 
- D' 11m, 1051 	35-80 	56 	25-60 	- 	36 	26 - 

.1,k- Mr, 	1951 . 	. 	115190 . 	156 	• .90-150 	121 	9 

EEY: (1) River, year (2) Iski (3) Im (4) My (5) Length of mound, cm 
(6) Variations (7) Mean (8) V:idth of mound, cm (9) Number of mounds 

During spawning a female pink salmon with a mean weight of 1.3 kg performs 

a lot of work, digging and shifting about 0.33 m3  of soil. The eggs are 

covered with soil to a mean depth of 20-30 cm (variations from 18 to 50 cm) 

and they are thus better protected against exposure to unfavourable factors: 

movement of the soil, freezing, drying, and silting. 

In the rivers of the south-western part of 	Amur Sound, including the 

River  y,  stawninr: of the pink salmon usually begins in the second or at the 

beginning of the third ten-day period of July; the main run goes on for 10-15 
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/77/ days until the last 10 days of August, and spawning ends completely at the 

end of September. The total duration of the spawning period averages 60 

days. 

A little later, in the first 10 days of August, the pink salmon starts 

to spawn in the River Iski, evidently because the spawning migrations to this 

river arè later than those of the pink salmon to the River My; the climax of 

spawning occurs on 17-25 August and it ends in the middle of September. The 

mean duration of the spawning period of the pink salmon in the River Iski is 

• 45 days. 

The pink salmon usually starts to spawn in the basin of the River Amgun' 

in the last 10 days of July, the main run occurs from the end of July to the 

beginning of August, and spawning ends in the middle of August; this river 

has the shortest spawning period, lasting about one month. 

The duration of the spawning period depends directly on the duration of 

the spawning migration. In fact, in the Rivers Samnya and Im, where the 

spawning migration of the pink Salmon is only half as long as in the River 

ry (mean duration for many years 55 days compared with 64 days) the spawning 

period is also half as long. In the River Iski, where the spawning migration 

is of the same duration as in the River  uy (mean 64 days) the spawning period 

is two weeks shorter. It ends in mid-September probably because the water 

temperature falls below the optimal  imit for spawning. 

The duration of the spawning season of the pink salmon is also connected 

with the abundance of the stock. - Taranets, working on the River Iski 

in 1930-1941, observed that abundant year-classeShad a  longer   s  pawning period and weal , 

year-classes a shorter.  one. The increoee in th  g PpaWiii,Pg pçLpr aP111.4-nt-  year7 
classes 

of rdnk salmon, according to the statistics of Amurrybvod, is 90 days. 	Asa  

rare exception the spawning period may also be consider ably drawn out for 
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.weak year-classes of pink salmon (as in the River My in 1955),'-

eviCI.entl;;- because of the low density of the spat'rnin" miCration.

The pink salmon spacrns in both low and high water levels at depths of

between 0.5 and 1.5 m. Sometimes it spacrns in pits more than 2 metres deep.

If the c:ater level is moderate, the most typical depths at which spawminc..; takes

place are 0.6-1.0 in. The rate of flow at the spac:nin; grounds is relatively

high: 1.5 m/sec.

Me water tempera.ture during spaTr:ning of the ^,rur pink salmon is from 6.4

to 15.60C, and according to I.I. I,'uznetsov, spawning, reaches a maximum at

tempera,tures of 9.2 to 13.7°C.

In years of great abundance of the pink salmon such as, for example, in

1958 the spawning grounds in all spa:-:nin.- rivers of the 4mur basin were over-

crowded with brood stock. The pink sal:ion reproduced even in parts of rivers

unsuitable for spa;vrning: in stagnant rra,ter, at great depths, and in places with an

unsuitable substratum. Everywhere substratum in which eggs had already been de-- /78

posited in riounds was beine excavated again. In that year, as in 1^38 and

also, evidently, in 1948 many spawning areas that had become almost useless

because of silting of the substratum, thanks to the repeated excavation, weie improve

by the fish.

The density of distribution of the spawning mounds depends on the abundance

of the spawning stock. ,iccording to observations made in 1959-1962, when

the spacrnin^; grounds were relatively crocrded, there was one mound on the average

to an area of 1 m2, crilereas when the spawning population was low there was one

round to a rean area of 10 m` .

A hi^ h^^roi or tion of e;.,;;s laid by sal-ion brood stock is lost during the

s;;ac<ni.n,.^^' neriod. .lccordin^ to 'ic.rallets (193n) , 30, .^ of the eùU of the

pink salmon in the iiver Iski were lost in 1958, compaxed with 15.4 ; in 1939;
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statistics of the fisheries improvement stations of Amurrybvod show that the 

loss in 1951 was 55.5 in the River Iski, 59.7 5 in  the River .r.y and 68.8 

in the River Im, whereas in 1953 the corresponding figures for these rivers 

were 57.41 40.5 and 57.6 cà Strekalova (1954) estimated the loss of eggs of 

the pink salmon in the River Ye in 1952 at 43.5 	The loss of esgs during 

spawning of the Amur pink salmon (mean 54.7  Ç, variations from•15 to 60 ;'.1.) 

was thus much higher than that stated previously by Kuznetsov (1928) and 

Taranets (1959) and almost the same as that of the pink salmon of Erimorte, 

Sakhalin and Kamchatka (Semko, 1939; Dvinin, 1952; Vasilenko, 1959). This 

large loss of eggs is evidently explained by the spawning of-this species in 

fast-flowing currents. 

Of all ,  the females which set out to .spawn, usually some do not discharge 

all their eggs. The mean percentage of such females in 1960-1962 was 33.6 

in the River Samnya, 48.8 in the Im, and 25.8 in the Iski, and the proportion 

of undischarged eggs in these fish varied from 1 to 18 (in 1953 it reached 

26 5)). 

3. Conditions of Development of the Eggs 
and Larvae in the rounds  

Observations by Strekalova (1954) show that the soil in the nests of the 

pink salmon consists two-thirds of pebbles and stones measuring from 1 to 10 

cm and one third of sand and gravel. 

The winter conditions of the rivers and the abiotic conditions in the 

spawning mounds of the pink salmon, studied in detail and deF.cribed by Vssil'ev 

(1958, 1959) for the ;:mur s -eawning grounds, have the following charaeteristicr,. 

In autumn the renn rate of filtration of the water in the redda of  

pink salmon (the rate of the uAder,gravel.current).i,s - 3, n/h. In My-August; 

the renn oxyen concentration in the redds is 8.08 mg/litre with variations 
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from 6.24 to 10 mg/litre, and the mean carbon dioxide concentration is 2.8 mg/ 

litre with varic.tions from 1.2 to 5.6 mg/litre. 	Later, from the middle of 

September to the middle of November, because of a large increase in the oxygen 

concentration in the river water and a decrease in the water flow 	the oxy- 

gen and carbon dioxide concentrations in the soil in the redds increase and 

the pH lies between 6.2 and 6.5. 	The mean oxygen concentration reaches 9.94 

mg/litre with variations from 6.85 to 11.57 mg/litre and the mean carbon 

dioxide concentration rises to 4.7 mg/litre with variations from 2 to 10.2 

mg/litre. 

The temperature conditions in the redds are characterized by great stabi-

lity. The maximum diurnal variations in temperature do not exceed 1.5-2°0. 

The highest temperature recorded in the pink salmon redds is 12-13°C. 

Despite the almost continuous ice cover, the intensity of aeration of the 

spawning rivers remains very high. If the winter level of the rivers is high 

and they do not freeze completely to the bottom, the oxygen concentration is 	/79/ 

approximately 7.5-10 mg/litre, the carbon dioxide concentration 8-20 mg/litre, 

and pH between 6.2 and 5.9
.. 
	In winters of low water levels and little snuw, 

when the rivers freeze completely to the bottom, their oxygen concentration 

may, however, fall almost to  zero 'and.  their carbon dioxide concentration may 

rise to 40 mg/litre or more. 

The water temperature in the channel  .of the  spawning rivers in winter is . 

approximately zero while the temperature in the redds is between 0.05 and 0.200. 

In winter, if the rivers do not freeze completely, the mean oxygen concen-

tration in the redds is 7.57 mg/litre, the mean carbon dioxide concentration 

20.3 mg/litre, and pH 5.9. 	In winters with complete freezing of the rivers 

the  as  concentrations in the redds are similar to those in the channels of 

the rivers. 
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The pink salmon egg has a diameter of 4-6 mm and weighs 118-198 mg 

(Smirnov, 1964). The comparatively thick membrane of the eggs makes them 

relatively inaccessible to predators inhabiting the redds such as planarians, 

anphipods, and insect larvae. 

According to the  observations- made  by the Moscou University expedition, 

in water at a temperature of 12-14 °C gastrulation begins 6 days after ferti-

lization and ends on the tenth day. The embryonic heart begins to pulsate 

after 12 days, and circulation of the blood can be seen on the fourteenth day. 

Dark pigment begins to appear in the eyes of the embryo 20-22 days after fer-

tilization. 	 • 

The incubation times of most of the eggs laid in the period of the Main 

run in the rivrs of the south-western part of 	Amur Sound are from 60 to 

90 days. Depending on the incubation times, the times at which the larvae 

emerge from  the redds are widely spread (from May to July). At the time when 

they leave the redds the  pink salmon larvae are 28-32 mm long and they still 

have a large remnant of the yolk sac. 

4.. Downstream  Migration  
of the Young Salmon 

The downstream migration of young salmon in spawning rivers is counted 

by Amurrybved by a sampling method using standard conical trap nets made of 

wire netting with a mesh of 3x3 mm, as used by Taranets (1939). The trap 

nets are set across the channel of the rivers close to the mouth at different 

levels: on the surface, at mid-denth, and near the bottom. 

The efficiency of the downstream migration is judEed by reference to the 

"downstream migration index" -- the ratio between the number of young down-

stream migrants and the fecundity of the spawning stock, expressed as a per-

centage. However, this index gives no idea of the abundance of the pink 
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salmon in a, particular year for the Amur basin as a rrhole, f.or the coanting

of the dos°:nstream mi^,r^.,nts is carried out only in certa.in spat^:nin^ rivers,

admittedly the most import2.nt, and not in the main channel of the Amur. Only

^,here a count is twicen c^^.n it provide a sufficiently reliG.ble basis for

jud^;ing the abundance of the pink salmon in that pa.rticulax re^ion.

To obtain more precise information a^aout the abundance of the pink salr:^on

in the iL^;:ur basin year by year it is thus necessary to develop a more extensive

nett?orlç of observation points on other rivers.

A. Times and Duration of the Dorrnstream ?,:i^ation

The doti°rnstream mi^•ration of the young pink salmon in the rivers of the

Amur ba.sin usually be^;ins in the f.irst half of PsTay. In some years the young

fish be^in to mi^ ate dornstre^^:.m in the second half of ^^pril, srhen the spa^^rnin;

rivers are still covered ti^^ith ice; sometimes thc do^•mstreat:: mi^^ra.nts d.o not

appear until the end. of I'^ay. The main do^^+nstream mi^;ration of. the pink ^80%

salmon ta^es place as a rule over a period of one month, from the end of T_ay

to the end of Jvne. mhe latest tir.?e of doti•rnstreaatt mi^ration of the pink

salmon for the spa^rninU rivers of the Amur ba.sin is mid-^^ti1^.tst.

The true nicture of the distribution of do^rnstream miûrants of the pinrL

salmon in time does not .f.it ex^.ctly into the scheme just described. Cbser-

vations made at the fisheries i:^provement stations of Amurrybvod i.n 1^50-1°63 .

have shorrn ^Table 52^ that the times of be^innin^ of the doti^nstrea.m mi^,•ration,

its peak, and its end vary considerably in diÂferent rivers, and in the s^t^^,e

rive.r in different years the difference ma:y a^mount to a r^tonth.

The duration of the do^;nstream !^i U'^ ation of the youn^ pinl^ salr^on in tiie

^ r tile .1:^,^un' -- the Rivers ^aw.inya and Im -- is com^n^^a:^ai;ively short,
tribtt^ar.ie^ ol , -

^ ^ r^ r c ,^rc ^ ^. ^ ll".'^ ^..ri 10-20
or. th.. .Lver^.t;^ ^^ da.,, ^, ^•.hc,rea^ in the ^ivex•s Sslci and I::y it i.s ÿ
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Cl.,ys longer. The lonpst downstream migration of the nink salmon is observed

in the River 1,7y, and this agrees fully with the lonzest period of the spawning

1.1ig'ra.ticn and of r.c tiual sTs7rr_i n^• of the rinl_ salr?on in that river. The same

rule applies to the ?ivers Sasnnya and Im, where the comparatively short spawn-

ing migration and period of sparrninU of the -pink salmon are associated with

more compressed periods of the downstream migration of the young fish.

TABLE 52. Times and Duration of Downstream Migration of Young Pink Salmon
in 1950-1963

• Xapar.Tep t

FiaGs:n!jet inii

2 Ha«a:io chara
^Î8CCCllliilil C!:IT

- i-t'
5

(P

7 -P C K a

CûIiHA

C a I -

Hm- 9 1' . A'iN
10

1. I'ÎCiCH
it

4-23/V 21/1V -28/V 14/1V-3011V

2-5/V -1G,NI 16/V -I6/^^I `26/V ,-5/VII 28/V-2`'1VI
2•1/V1-20;"JI I 1:^; VI-'?i ^^ II1 . 13/b'I I-I 1/^'I I I 2fi^VI-1/VI I I

46-64 ( 54) 39-91(35) 44-102(74) ,42-101(68)

0,4-22,9 0.005-3,0 1,5-22.9 .0,3-41,4

KoHCit cxaTa

Hocri, r, rtH;^s'
ha^cj^4^ntuiair
Gi1Tfl, ^Ô

^ ^ ^ -(1) T?ature of observations (^) Be,_;innint, of mi^atior. (3 ) ï'ain r:ii;^a-•tlon

(4) End of mi-;ration (5) Duration in days (6) Downstream migration
index, per cent (7) River (8) Samnya (9), Im (10) T.-y (11) Iski

1r"ean annual duration of the downstream migration given in parentheses.

The time of the downstream migration is thus deter^qined 1arEely by the

duration of the spacrnin^ migration and the time of spa^^rning; temperature

conditions du_ring development of the eggs and larvae, it must be assumed, also

play a not insiGnific[Int role.

B. ITy^?rolo ;icol Conditions i CCO lr•^+.n^-inf the ??oz:,nstre4.m ï`ii;ration

The y c t i^ P! nl swl.^on bc^ in to leave the redds in :^"exch or 1pri1, under-

neatii the ice. The be.-innin,:; of the main ûoïrnstrcar.m, miûration of the youn-P

salmon tIsuc.lly co-ir_cides with a comparatively hi ;'h water level in the s pa.t^rnin^
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river, resulting from melting of the snow and thawing of the ice. The.first 

young salmon always miprate downstream under the ice. The water temperature 

at this time is close to 0°C. 

Later the intensity of the downstream migration of the young pink salmon 

depends not so much on the level as on the temperature of the water. Up to a 

certain limit (which occurs at the end of June or be;Tinning of July, when the 

great majority of young salmon have already migrated downstream and the water 

temperature in the river is rising steadily) an increase or decrease in the 

water temperature leads almost always to a corresponding increase or decrease 

in the number of migrants (Fig. 11). 
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The mass dovinstream migration of the young pink salmon in rivers of the 

Amur basin and in the River Iski begins when the water temperature is not 

below 4 0. The temperature difference in the period of the downstream migra- 

tion varies from 5.3°  (River Samnya, 1951) to 15.5 °  (River Beshenaya, 1963), 	An/ 

with a mean level of about 10° . The highest water temperature at which 

young pink salmon were still caught in the counting nets was 18.6 °C  (River 

Samgya, 1951). 	Just as in Primorle (Vasilenko, 1959) the'intensity of the 

downstream migration of the young Amur pink salmon increases with an increase 

in the water temperature (Fig. 11). The water temperature at which downstream 

migration is observed in both the first and the second halves of the downstream 

migration period is the same -- from:6 to 9 ° . The rate of flow during down-- 	. 

stream migration of the young salmon varies depending on the water level in 

the river from 0.25 to 2 m/sec. The largest number of young salmon migrates 

downstream when the rate of flow is 1-1.5 m/sec. The migration aImost ceases 

if the water level falls considerably and, consequently, so also does the rate 

of flow. • 

, 
i .,„.. 	 I. 

tot ','.--•' 	 . 	. :Z. 
. 	

s. . 	. 	. 

6 - e; v..; 

7 1- c,'rzS 
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. 	 --1\ 	• 	 — 7  Zi  . i 
..— 	\ 
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Fig. 12. Dynamics of downstream migration of young pink salmon with time 
of day: 1) River Ul, 1963; 2) River My, 1564; 3) River Im, 1965. 

Key: (1) Number of fish, arbitrary units 

The fact that the young pink salmon all accomplish their downstream 
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migration at the same time, when the water level in the spawning river is 

comparatively high, evidently enables the fish to preserve the energy reserves 

which it needs for its subsequent catadromous migration. 

C. Dynamics of the Downstream Migration 

In the spawning rivers of the Amur basin and in the River Iski the . down-

stream migration of the young pink salmon usually is observed in darkness, 

between 10 p.m. and 3 a.m. (Fig. 12). As a rare exception, the young salmon 

in the River My in 1953, in the River Iski in 1954, and in the River Im in 1959 

migrated downstream in Small numbers by day also, evidently on account of a 

sudden considerable rise of the water level and, consequently, an increase in 

the rate of flow. The highest catches Of the young salmon in the traps . are 

observed -on dark, overcast nights.. 

During their downstream migration the young salmon arè distributed in 

the depth of the water more or less uniformly (Fig. 13). Only in some years 

do the migrants tend to be found in somewhat larger numbers in the surface 

layer of the water, while in other years, on the other hand, they may prefer 

the water near the bottom. 

D. Nutrition  

The nutrition of the young pink salmok Migrating downstream from the 

spawning rivers of the Amur basin (Samnya, Im and My) was studied by V.Ya. 

and I.M. Levanidov (1957) on the basis of observations in 1951 and 1952. 	It 

was concluded from their results that during the period of downstream migration 

the young pink salmon obtains little food (the number of young salmon with 

empty stomachs caught in the Rivers Samnya and My  in 1951-1952 averaged 80 ,1;), 

and it evidently feeds only in the first half of the day. The diet consists 
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basically of aquatic invertebrates ( \larvae of mosquitoes and midges and pupae, larvgf 

mayflies and stoneflies, water bugs); flying and crawling insects (beetles, 

tinks) play a secondary role although they occupy an important place in the 

dietary spectrum. 

Fig. 13. Dynamics of downstream migration of young pink salmon in the 

River ry at different depths: 1) in the surface layer, 2) near the bottom. 

Key: (1) number of fish (2) 1,:ay (3) June (4) July • 
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Characteristically the intensity of feeding of young pink salmon migrating 

downstream from the tributaries of the Amgun ,  (the Rivers 1m and Samnya) is 

much higher than for the fish from the River ry, because of their longer 

migration path. During the downstream migration the intensity of feeding of 

the young salmon as a rule increaseb gradually (on account of an increase in 

the water temperature), although their mean size and weight remain almost un-

changed. 

Comparison of the dietary spectra of young pink salmon and summer chum 

reveals the possibility of competition for food in years when these fish are 

abundant. However, this possibility perhaps*does not materialise, as Volovik 

(1964) suggests, if the feeding of the young pink salmon and chum is studied 

in conjunction with the ecology, distribution and behaviour of the young fish 

and the organisms which they use as food. On the whole Volovik considers 

that random catches of young pink salmon from different parts of the rivers 

(tributaries of the Amur) without any indication of the precise region of 

feeding can give only a qualitative picture of the nutrition of the young pink 

salmon. 

E. Qualitative Composition  

At all periods of the downstream migration from the rivers the young pink 

salmon are silvery in colour, with no pigmented spots or bands of colour on the 

sides and belly and with a dark olive green colour of the back. The investi-

gations of Zueva (1965) showed that the body begins to turn silvery in colour 

(deposition of guanine in the skin) early and that, unlike the Kamchatka steel-

head and the chum, the process of smoltification takes place with omission of 

the nparr"stage. Early silverinE of the body stnps the development of the 

pigment  (melanin) cells located along the lateral line. 	The beginning of 
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this -process is a.cco2^panied b^r hyperfunction of the th-ncid ^land.

The j oun^; '-:i.2î^_ SalP_ on Lx- in -'C^.ner^l.l relat:i.VC^l;r l,Yli f or^t in size (31-35

^ ^_C021S1 derable 2 27-^.^ T 1. C!10Sé1C-
,,., a , ^^ in i ^ i r ] m. Y ^r "

^,^ ^^_OU^; :'lari , tic..^ n^---t idua s a^ be ver ,

teristically chan,-es in the body length
of the youn- fish durine; the dorrn-

st1"eCri migration are small and are not reSular in character (Table, 53).

The
fish is a more variable ^arameter. Tts observed

,L of _ the you:^^ _is.îweight

variations were between 80 and 500 r.^:;. However, just as in the case of the

.condition factor (after Fulton), in this case also it is difficult to detect

re,,,-Lilar changes during the period of the downstream migration. St the

be^i}^nin- of the migration in the spa,Sml.nm rivers lm and ?.T.^r the younu pink

salmon more often Erot;s in weight
accompanied by an improvement in condition,

than in lenEth, as does the autur:ui chum (Levanidov, 10,64b); meanwhile in the

River Ça,nnya,9 for exa•n'ple, the exterior of the fish remains almost unchanged

throughout the downstream migration.

Variations in the condition factor of the youn,• pinh salmon elurin ; the

downstream migration are eviaently not the result of di fferences in the inten-

sity of evo.7enous feeding. . The fact that this index is hi L,,iler ,""or the yoi-,Lne;

fish in the initial neriod of the downstream migration is evidence rather tl:.at

the yo1'r sac has not yet been completely abso-rbed in individuals observed

collectively at the beLinnin; of migration when the water temperature is low.

The length and ,,,reight of the young fish liI.ei"ise do not remain constant

over the yea.rs. I'a?'ticu=cr.ly large variations were observed in the pink salr._on

of the ?iver Iski in 1951 and 1IQ54 (Table 54j ^-.nd were proba.bly due to differ-

ences in the water ter-r.-peratures of the river in those years and to the differ-

ellt +:^mln-, of the C:.oT''-lstre^.l:î T^;,1'^L'^] OriS Of the ,roun^- fish.

^pnr iû01^}}l 4 V^' 1"t10riS ^ 1 COI:Ci1 ^^].on factor of the ÿ Otln,'; n1nI_ s^..l:0?1

!?1 diï. frI'CIl t rivers Ju:t.'1.n_; ^ Oî'illfi i rc'?1_: l:?i p;I a ^10ri in the sa:-:e year (Table 53)
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17-22/VI 	31-36 
B epeemem 2.. 	31-39 

TABLE 53. Changes in Qualitative Parameters  of • Young Pink Salmon  from  Different 
Rivers During the 1952 Downstream Mieration 

I 	3 	2.1...ntua Te..ia, him 	 5 	Be c,  mr . 	 1:094.pfitneuT 	 7 
n e en t o s, ila6.nio.lenllil 	 4ec2o pw6 

mmemillim• 	cpe:titee 7— 	epe;wee 	2- 	yu,rraileoc•rp 

' 

	

. 	 ' • . 	. 	 • p. Flat •
. - 

WI 	28-35 	 . • 	31 	2 	ci 	214 	- 	 •-0,71 . 	 100 
7-10/V1 	. 	28-35 	 . 	•. 	31 	. • 	213 : 	 0,71 • ' 	. • 	127 

11-16/V1 	28-34 - • 	• . 	31 207 	 0,69 	 199 
18-20 1VI 	• 	98-35 	 31 212 	. 	. 	 0,71 	 91 • - ., 
22-2 • /VI 	. 	28-35 	• 	' 	. 	31 	 190 	. 	. 	0,64 	 66 

25/V1-12/V11 	. 	30-39 • 	• 	. 	32 	 . 	194 	- 	0,59 	 2S 
B epe;iitem'z 	28--39 31 	, 	210 	, 	' 	. 	0,70 	 611 • . 	. 	 . 	.. 

p. Me 

	

6-11/V1 	31-36 
16/V1 	30-36 

	

20-24 1VI 	. 30--37 

	

30/V1-5/V11 	27-42 

	

6-11 1 V11 	30-36 
16-25/V11, 	32-35 
13 cpeamem 2_, . 27-42  

33 	1 0 	207' 	 0,58 	 28 
. 

33 	 108 	 0,57 	• 	136 
33 	' . 	• 	206 	. 	 .0,57 	• 	179 
32 	 . 	151 . 	 0,46 	. • 	112 
:32 	- 	' 150 	• 	

- 	
0,46 	 79 

33 	 166 	- 	 0,46 	 19 
33 	 190 . 	 0.53 	' . 	553 

KEY: (1) Period of observation (2) Mean (3) Body length, mm (4) Variations 
(5) 1.7eight, mg (6) Condition factor (7) Number of fish (8) River Samnya 
(9) River Im (10) River 1,Iy 



T.^73I,î, 5d. Length and Weight of Young Pink Salmon in Downstream Migrations During
1951-1963

p. Ca^m ^ 2
--- - ^.i .

AC, rsec,3 f LrEtc.no
il si ur ! pL,i6

19:11 33,3 ' 250 637

1952 33,5 220 700

1953 33,7 260 307

1054 31,7 275 130

1955 32,0 230 72

1956 33,8 240 203

1958 32,6 230 105.

1959 31,5 213' 524

1960 32,3 233 351

1961 32,0 218 200

1962 32,4 219 300

1963 32,0 .' 235 192

S ' p. 14 il I f0 p'bihc

AC, sec;3 v:icn !̂ AC, ^ Bec,?
pvt6 I m Ni I Air

31,1 210 1C[It0

33,1 230 630

1,9 • 220 73

34,2 250 . 255

32,8 220 28

32,4 . 211 120 ,

31,1 21G' 570

31,8 237 201

31,2 . 222 118.

31,8 235 .300

32,2 241 -1.50

tiaicto
p>>i6

7_ _ . I icisu
----^

AC, 1mcmo4-
m.t I +^r p:,!6

32,2 185 . 110 35,0 270 ' 3S8

32,7' 190 545 32,3 237 400

32,8 222 585 • 32.9 236 300

33,7 197 65 30,3 • 167 257

32,7 •228 -230 33,6 278 414

- - 33,1 . 227 • 298

32,3 275 90 31,6 222 287

31,7 216 386 32,2 . 238 295

32,G 264 349 32,8 246 393

32,4 324 322

- - - 32,9 237 ' 244

31.2 259 200 32,8 25 0 262

Icl,?Y: (1) Year (2) River wemnya (3) ';Teight, mg (4) Number of fish (5) River Im
(6) River Yy (7) River I ski
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are possibly the result of differences in preparedness of the young fish for 

the next stage of the migration outside the spawning rivers. Young fish in 

the River My,  which flows directly into the salty waters of 	Amur Sound, 

since they have a comparatively low condition factor (because of the more 

complete absorption of the yolk sac), are in fact more prepared than young 

fish from the Rivers Samnya and Im, which before they emerge into . Amur 

Sound have to migrate first along the River Amgun' (80-120 km), and then along 

the main channel of the Amur (160 km). 	In some years, however, thisrela- 	/86/ 

tionship is not observed. In 1963, for example, young downstream migrants 

from the River My had a higher condition factor than those from the Rivers 

Samnya and Im; this happened most probably because of their early and very 

short downstream migration (28 May-23 June). . • 

In years of a prolonged downstream migration of the young fish, occupying 

the hottest time of the year (July and the first half of-August) hardly any 

fish have an unabsorbed yolk sac, showing that they have gone over to exoge-

nous feeding; in this case the exterior actually reflects the condition of 

the young fish. Its value for fish from different rivers is fairly constant 

on the average. In 1959, for example, variations in the condition factor of 

young fish from the Rivers Samnya l. Im, My and Iski (Table 54) ranged from 0.68 

to 0.73. 

No special study has yet been made of the effects of individual environ-

mental factors on the qualitative composition of the young pink salmon, but 

it would be very important in connection with the development of techniques 

for the artificial breeding  of the  pink salmon. Determination of the dominant 

environmental factor at a particular stage of development of the egg and young 

fish would help breeders to improve the qualitative composition of the young 

fish supplied from the factories and thus to improve its chances of survival. 
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in their Qualitative indices the young downstream migrants from. rivers 

of the Amur basin are indistinwdshable from those of Kamchatka, and whereas 

the latter migrate in fresh water in April or Eay, with a water temperature 

not higher than 8°C (Earanenkova, 1934), the comparatively late downstream 

migration in warmer waters of the Amor  pink salmon is an adaptation to the 

longer distance separating the Amur spawning rivers from the salt water. 

The fate of the young Amur salmon after migrating downstream into the . 

Sound still remains completely uninvestigated. Information on the feeding 

migration of fingerlings of this species in late autumn in the warm layers of 

the southern part of the Tatar Straits and the northern part of the Sea of 

Japan (Dvinin, 1949, 1952) suggests that some, if not all, the young Amur pink 

salmon stay there. 
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VIII. STATE OF TEE STOMS IND 
PEASOE8 FOR THEIR FIUCTUATIOES 

The state of the stocks of pink salmon in the Amur basin is usually 

estimated from catches of the fish obtained in the lower reaches of the river. 

and 	Amur Sound, where . 90.5 of the commercial fishing of this salmon takes 

place, or in years when commercial fishing is prohibited or limited, it is 

estimated from catches obtained with counting equipment.. 7ith the organi-

zation of fisheries improvement stations in the Amur basin, since 1948 the 

statistics of the fishing industry have been supplemented by information on 

the number of brood stock filling the spawning rivers. 	 • 

Let us examine how the level of the Amur pink salmon stocks has varied 

during the period of their commercial exploitation. 	 • 

Stocks of pink salmon in the Amur basin remained at a comparatively stable 

and high level from the first time the catches were recorded until 1914: the 

mean annual catch for the even years was about 80 000 centners (7.3 million 

fish) and in odd years about 40 000 centners (2.9 million fish). 

From 1914 to 1935, when the two-year cycle was particularly prominent, 

the bulk of the fish caught belonged to even numbered year-classes. Their mean 

catch was about 100 000 contners per annum (9.1 million fish), compared with 

only about 6 000 centners (0.4 million fish) of the odd year-classes. 
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After 1928 catches of pink salmon of the even year-classesin the Amur

began to diminish gradually. This diminution characteristically was accom-

panied after 1937 by some innrewse in the numbers of the odd year-classes.

However, despite this approximation of the abundance
of the two successive

year-classes after 1928 the total catch of pink salmon in even and odd years

(as A.N. Derzhavin pointed out in his lecture to the Provincial Fisheries Con-

ference in 1930 in Vladivostok) was relatively constant, averaging about 10

million fish, i.e., on the average 3.5 million fish smaller than before 1928;

in other words, in the period from 1929 to 1935 there was a gradual decrease

in thP stocks of pink salmon in the Amur. .

In the per-i.od from 1936 to 1948 the biennial cycle was less pronounced

but the pink salmon stocks continuPd to diminish. Catches of this fish for

even ,year:classes'vera;ed about 60 000 centners per annum (6.0 million fish),

except the particularly abun.dan± yeax-classes of 1938, 1942 and 1948, i7hPn ttaice

as man.Y salmon were caught, -whereas the average for odd year-classes^'tas about

27 000 centners per annum ( 1.9 million fish).

After the paxticularly unfavourable winter of 1948/49 the abundance

of the pink salmon year-classes- even years fell catastrophically and rema.ined

depressed until 1956. Pink salmoh catches in odd and even years during this /881/

period were equalized but their mean value was only about 14 000 centners or

1.1 million fish roer annum. Such a prolonged depressed state of the pink

salmon populations in two consecutive year-classeshad not previously been

observed thrcughout the history of Amur salmon fishing.
The stocks of this

species were at too low a level to justify commercial exploitation.

The period im:^<ediately after 1955 was distin,^;uished by instability of the

pink salmon stocks. A marked increase in the population of the even y eax_Glasses

took place in 1956 and, in narticula.r, in 1958, when about 2 million fish'

I.
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were caught by two counting barriers on the right and left shores of Amur 

Sound. The salmon runs gradually decreased in the next two year:-classes of 

1960 and 1962, when they amounted to .  about 20 5-() of the numbers of the parental 

stocks, but in 1964 the catches at two counting barriers again increased to 

233 000 fish (Table 56). 

The pink salmon runs of the odd year-classesalso varied considerably in 

the period 1956-1965. The catches at the two control barriers varied in 

individual years from 19 000 to 437 000 fish. 

Excluding the pink salmon runs of particularly abundant stocks in even 

(1956 and 1958) and odd (1963) year-classes , a characteristic feature of this 

last period (1956-1965) was recovery from the depression and some increase in 

the number of salmon. However, the stocks of this species in the Amur basin 

in this period were at the 1936-1948 level, i.e., in a very strained condition. 

Since before 1937 no observations had been made on thé conditions of 

development of the pink salmon in the bed the effect of hydrological and 

other factors on the abundance of the salmon in those years had to be estimated. 

It was concluded by Smirnov (1947) from investigations conducted by TINRO 

in 1937-1941 that the main cause of the decrease in the Amur salmon stocks, 

including the pink salmon, was the' freezing up of the spawning grounds. This 

had a particularly adverse effect in harsh winters with little snowfall, and 

the fall in the water level in the spawning tributaries contributed to the 

result. The considerable clearing of the snow by the wind from the surface 

of the ine on the river channel as a rule led to an increase in the thickness 

of the ice cover, increasing still further the freezing up of the spawning redds 

(Nikollskii, 1952). 

The way in which the return of the pink salmon -progeny is influenced by 

the hydrometeorological conditions durin.g incubation of the egEs was later in- 
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vestigated by Abramov (1954), using material of the Nikolaevsk-on-Amur HydroL 

meteoroloeical Station, the area of operations of which is territorially close 

to the spawning ground of the pink salmon. Periods of a fall and rise in the 

numbers of the even yeer-classesof D ink salmon, which he studied by reference 

to the catches in the period 1914-1920, 1926-1928 and 1946-1950, coincided 

with unfavourable (low air temperatures, low precipitation) and favourable 

conditions during development of the eggs. The exceptionally unfavourable 

conditions of the winter of 1913-1914 led Abramov to postulate a considerable 

decline in the stocks of pink salmon of the odd year-classes, a phenomenon first 

observed in the Amur basin in 1915. 

The work of Vasillev (1959) also showed that death of the eggs and fry of 

the pink salmon and summer chum takes place because of a disturbance of the 

water supply of the redds as a result of freezing up of a few local areas of 

the rivers to the bottom. 

The correctness of Smirnovis (1947) conclusion was later confirmed when 

the Amurrybvod organization in 1949 began its regular observations on the 

upstream and downstream migrations of salmon in the chief spawning rivers of 

/89/ 

the Amur basin. The state of the stocks of the Amur pink salMon and the 

causes of their fluctuations in the period 1948-1965, in the light of such 

factors as commercial catches, catches made with counting equipment, the number 

of spawners reaching the spawning rivers, the conditions of development of the 

eggs and larvae in the bed  and the downstream migration evthe young salmon, 

is described below. 

In 1948 almost 128 000 centners of pink salmon, or about 11 million fish, 

were caught in the lower reaches of the Amur River and 	Amur Sound, including 

the waters off the north-west coast of Sakhalin. 	The occupation of the spawn- 

ing rivers by the brood stock was extensive, Eowever, because of freezing up 
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of the spawning grounds in the winter of 1948/49, only a 	 small 

stock of pink salmon returned to the Amur in 1950. Its commercial catch was 

only 12 500 centners, or about 0.9 million fish, i.e., only one-tenth of that 

in 1948. 

The reserves of pink salmon in 1952 were at an even lower level. The 

catch was only about 600 000 fish. After the particularly bad year in 1948, 

the level of the pink salmon stocks of the even year -clasSàFas thus only just 

over half its level for the poor 'year-classes  ofthe odd years, i.e., the stocks 

were in a depressed state. 

In 1954 and 1956 . pink salmon catching by the Amur fishing industry wàs 

restricted. Meanwhile, since 1954 the numbers of pink salmon of even year-classes 

had begun to increase. As the data in Table 55 show, half a million 

pink salmon migrated in that year into the main spawning rivers: the My, 

Samnya, Im, Ul and Beshenaya. 

The winter of 1954-55 in the region of distribution of the pink salmon 

was favourable for the development of the eggs and larvae. The spawning 

rivers were covered with a thick layer of snow early, which prevented the eggs 

from dying through freezing up and led to a comparatively abundant downstream 

migration of the young fish and the return of an even larger year-class of 

pink salmon in 1956: over 3 million pink salmon entered the rivers mentioned 

above, according to incomplete statistics, and only a little fewer than this 

number were caught in 	Amur Sound. 

In the winter of 1956/1957 there was no freezing up of the spawning 

grounds in the Rivers Samnya and Im (the basin of the River .:_mguni), the chief 

spawning rivers of the pink salmon in the Amur basin, with the result that the 

survival rate was high and the downstream migration of the young salmon took 

place in large numbers. 
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In 1958 this year-class returned to the Amur. According to incomplete 

data, the number migrating into the Rivers  My,  Samnya, Im, Ul and Beshenaya 

was more than 10 million fish, and almost the same number were caught in the 

lower reaches of the river and Amur Sound, together with off the north-

west coast of Sakhalin. 

The spawning and development of the pink salmon of this year-class• took 

place under different hydrometeorological conditions in different districts. 

In the Rivers Beshenaya and Ul, which play only a secondary role in the repro-

duction of the Amur pink salmon, the conditions of development of the eggs and 

larvae were on the whole favourable. In the 1m and Samnya the pink salmon 

spawned when the water level was very high. During the sudden fall in the 

water level after spawning the redds were exposed and enormous numbers of eggs 

4110 	deposited in them died with the first frosts. The lowest water level of the 

last 10 years in the River Amgunl in the winter of 1958/59 unouestionably 

favoured the freezing of large areas in the basin of this river devin  to the 

bottom, with a conseQuent massive mortality among the salmon eggs and fry. 

In the River My,  because of the thin covering of snow, which hardly reached 

20 cm, and the low air temperatures considerable freezing up of the spawning 

grounds also was observed. 

	

As a result of the generally unfavourable conditions for the incubation 	/91/ 

and development of the pink salmon in the winter of 1958/59 its downstream 

migration in 1959 from the main spawning rivers was in very small numbers. 

Its abundance for all five rivers was almost nine times smaller than in 

1957, so that there were no grounds for expecting a particularly heavy run of 

pink salmon in 1960. This prediction was confitmed by what actually happened. 

gl, 	In the Amur basin, together with the Rybnovsk district of Sakhalin, in 1960 the 

catch of pink salmon was 35 600 centners or 2.6 million fish, from three to 
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TADTE 55. Occupation of Spawning Rivers by Pink Salmon in Even Years (thousands of fish) 
and Downstream Migration of the Young Fish from these 7ear-C1asses(millions 
of fish) 

1950 (itei)ecr) 2- 

1051 (exar) 3 	 ytiera 

1952 (itepeer) : 	• « 	30,0 

1953 (ci;ar) 	 1,0 

1054 Otepecry • 	78,1 

1955 (cnar) 	 yttera icr  n 
1956. (tittpeer) 	 2218 ,  

•1957 (cur)  

. 1958 (ttepecr) . 	• 	5370' 

1959 (cir.ar) 	 17,3 	• 

1960 (tiepeer) 	 yttera 

1961 (cr..a; ) 	• " 	 1,1 

1062 (ttepeer) 	. 	 0,7' 
• • 

1963 (ckaT) . • 	 7,9 • 

1964 (liepecr) 	 15,0 

1965 ("exar) 	 14,2 	*.  

96,2 	• 	: 	15 8  

tier H 	 0,8 

17.0 	, :37,1 

0.5 	• 	. 	3,8' • 	• . 	. 
.1'33,i 	268,0 

.• 	24,5' 

61,5 	. 	861' t 	• 
47,7 	. 	.31,1 

3149' 	812 1 	• 

her t( 	 74,1 

%I 	• 	• 	1,0 •  

• . 	0,1' 	50,0 	. 

3,1 	• 	10,2 -  • 	' 

12,0 	- 	12,3 

2,2 	. 	1 ;6 

21,0 

1  Ytter meno.rituti 

KEY: (1) Year (2) Spawning (3) Downstream migration (4) Counting incomplete 
(5) Rivers (6) Samnya (7) 1m (8) My (9) Ul (10) Beshenaya (11) No 
figures available 
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Because of the high flood level which destroyed the counting barriers on

the main spawning rivers, the brood stock in 1960 was counted only in the

Rivers T;'y, ül -and Beshenaya, into which 86 000' pink salmon migrated, 10 times

less than into the same rivers in 1958 (Table 55).

The sparrning year-class of the ur pink salmon in 1960 was equal

in abundance

The winter of 1960161 was ver,y' unfavourable for the development of this

four times less than in 1958. Control counts confirmed the same relationship

between the catches of pink salmon in 1958 and 1960 (l'able 56).

TABLE 56. Relative TTunbers of. Individual °ea^,7Çlasse.s of Pink Salmon in the

Region of the Hievellsk Straits and: in Amur Sound

,

year-clas s .

to the average for the even year-classes.

The very small quantity of precipitation in the lower reaches of

the Amur and. the low air temperature, reaching -42°C in December and January,

led to considerable freezing up of the spatrning ^,R.-rounds. The losses from

freezing were 50-60 ;' in the `.iver 11;;-, 51 ;! in the Ssmrya and 84 in the In.

The downstream migration of the pink salmon from thPse rivers was negli.;;ibly

small -- only a little more than 2 million ,vounS fish. As was expected the
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return of adult fish from this year-class in 1962 was small. Altogether

5 500 centners or 0.3 million fish were caught in the «mur basin together

vii th the north•-•.rest coast of Saidlalin, i.e. , one-eig,hth of the parental year-

class. very small stock returned to the Amur basin, amounting to about

51 000 fish in the Rivers r.Ty, Ul and Beshenaya.

As a result of the favourable conditions of incubation in thP winter of

1962/63 a high proportion of the eggs and young fish from this small year-

class survived, and the dor:nstrean migration amounted to 22 million fish.

However, the return of adult fish fror this prog eny in 1964 was small: only

about 40 000 fish migrated into all the rivers where counting was carried out,

and of these only 12 000 entered the Rivers Ul and Beshenaya.

The abundance

O-
ging from the catches, but later the numbers fell again and :^:ere sometimes

^

of the odd year-classes of pink sallnon, which were' in

a depressed state from 1915 to 1935, suddenly rose considerably in 1939, jud-

average and sometimes at a low level.

The stocks of pink salmon in 1949 and 1951 were at a relatively low level. /92/

In these years the average catch was 19 300 centners or 1.5 million fish for

the season. Because of freezing up of the spawning grounds in the ^^rinter of

1951/52 the approaches of the pink salmon in 1953 were very small compared

with these years, and only 8 600 centners or 660 000 fish were caught in the

llmu-r basin. The upstream migration of spawners into the main spwaning rivers

was just as sharply reduced (Table 57).

The freezin^ up of the spa:rninÛ rivers was very severe in the winter of

1953/54 as a result of the early onset of frosts and the almost total absence

of a snow cover, and this los:ered the stocks of pink salmon in 1955 still

further. The mi,-,ration of the pink salmon into the River Am,,,'un' was cata-

strophically small. Countin^, carried out by the Amur branch of l'ITIRO in the
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TABLE 57. Occupancy of Spawning Rivers by Pink Salmon in Odd Years (in thousands 
of fish) and Downstream Eigration of Young Fish from these Year.rCiasses 
(in millions of fish) 

1949 (I tepee)  2- 

1950 (ckaT) 	3 
1951 (ncperT) 

1952 (cttaT) 

1953 • (t e pccT) 

1954 (cmaT) 

1955 (nepee -r) 

1956 ((lull- ) 

1957 (nepect) • 

1953 (eKaT) 

1959 (nepecr) • 

1969 (eitaT) 

1961 .(nepejr) 

1962 (eKaT) .. 

 1963 (nepecr) 

1961 (rxaT) 

1965 (nepecT) . 

 1966 (citaT) 

17,6 	• 	• 	64,6 	• 	• • 	650,7 	 2 ,0  

. 	. 	0  , 	y 4 e T a 	• 	n e T 

' 	12.,5 	- 	20,0 	• 	' 	295,7 	 0,4 	 0,2• 
. Yt!eV.' lief 	(( 	• 0,5 	• 	, 	. 	- 	10,7 	' . • -- 	 0.01 

, ' 	2,4 ' 	. 	• 	• 	14.0 	• 	. 	. 	: 	90,7 - 	. • 	. 	0,02 	. 	- 	0,03 	.• 

. yneTa MT 11 	 0Ab 	. 	- • 	1.1 

4,2 1 	• 	: 	yntrra neT (( 	• 13,0 	 - 	7,0 

- yneTa neT li 	. 	• • 	0,2 1 	 1,5 	 •• 	- 	, 	0,1 1  

, 3,7 1 	• 	 • '. 	: 	0,03 	 16,8 1 	• 	• 	0,2 1  "'' • 	 0,2 

- 	0,4 	 0,2 	• 	- 	5,5 	 ' 	. 0,02 	

• 

	- 

yneTa•fleT l( 	ytmTa  !!CT  it• 	• 	106,5 	. 	•yneT a, 	tteT 

	

• 
	

. 	

ii 

2,9 	- ,: 	0,9 	 7,7 	 • 	0,01 	• 	0,02 

: y. n- e T 8 . 	11 e T 1( 	, 	. 	11,4 	.• 	' 	neattaturr. 1 2- 	 0,1 

. 	. 	41 	• 	• 	3,6 	• 	•. 	' 	• 4,5 	• • 	• 	 0,02 	- 	•• 0,01 

	

. 	. 
189,7 . 	• 	250; 3 .. 	- 	• 	335,6 	. 	. • 	1,8 	' 	• 	0,23 

. 	38,9 	 16,3 	. - . 	13,6 	. 	. • 	: 	1,3 	. 	•: 	' • 0,25 

72,0 	 140,0 -- 	• 	' 	6,7 	 0,4 , 	- •• 	0,06 
. 	. 	. 

17,0 	 27,7 	..: : 	- 	.. 	3,1 	. 	- ' 	- 	• 	• 	• 	0,01 

0,9 

1.. ;sitter neneant,u1. 

KEY: (1) Year (2) Spawning (3) Do•nstream migration (4) Count incomplete 
(5) River (6) Samnya (7) Im (0) MY (9) Ul (10) Beshenaya (11) Not 
counted (12) Very small. 
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River Amgun' gave a catch of only 83 fish from 133 hauls with a drag seine in 

the course of one ronth. 

Since 1955 fishing for pink salmon in odd years has been prohibited in 

the Lower Amur District. 

In 1957 the occupancy of the spawning rivers by brood stock improved 

slightly, or at least it was not reduced (Table 57), as a result of the very 

favourable conditions for development  of the  eggs in the winter of 1955/56. 

In 1959 the spawning year-class of pink salmon was more numerous than in 

1957: as regards numbers of fish, the mean catch per seine in the Nevellsk 

Straits was more than 2.3 times higher than in 1957, off the north-west coast 

of Sakhalin it was 3.8 times higher, and at the counting barriers more than 

14 times higher (Table 56); nearly 6 times more pink salmon migrated into the 

River My  than in 1957. 

The quite numerous spawning year-class of pink salmon in 1959 (according 

to figures given by Amurrybvod it was 12 in the River- 1m and 30-355in the 

Rivers Samnya, My and Beshenaya), because of the considerable freezing up of 

the spawning grounds in the winter ‘ of 1959/60, yielded only 11 million young 

fish from the main spawning rivers. The return of the pink salmon in 1961 

from this downstream migration was small. For example, 10 times fewer pink 

salmon migrated into the River My than in 1959 and the catches at two control 

barriers in . Amur Sound were 6 times less than in 1959. Consequently, 

the reduction in the numbers of the spawning population in 1961 took place in 

the river period of life of the pink salmon. However, in 1960-1961 there was 

a decrease in the temperature of the southern part of the Tatar Straits (the 

inflow of heat-containing waters was below the annual normal, an event which 

regularly caused a reduction in the mink salmon catches off the south coast 

of Sakhalin (Shelegova and Lundberg, 1565; Lundberg and Shelegova, 1965). 

11, 
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Temperature conditions were probably responsible for the decrease in the total 

population of pink salmon in the Sea of Japan in 1961, as shown by the catches 

obtained by salmon drift nets (Darda, 1965). 

In 1963 a large-scale migration of pink salmon took place into the 

Amur basin. The catch at two counting barriers in 	Amur Sound for odd 

year-Clas sn during the period 1957-1965 was unprecedented: about 7 000 centners 

or about 400 000 fish, and pink salmon were caught in F,y-bnovsk District and in 

the main channel of the Amur. Despite considerable removal of pink salmon in 

the lower reaches of the river and in 	Amur Sound, more than 778 000 migrants 

were counted into monitored spawning rivers.. The appearance of this abundant 

year-class of pink salmon in the Amur basin in 1963 did not tally with the size 

of the downstream migration of the young salmon, which hardly exceeded 12 million 

for the same rivers in 1962. Exceptionally large approaches of pink salmon 

were observed in 1963 on the west coast of Southern Sakhalin and, according to 

aerovisual observations by TINRO, into the rivers of Primor'e (the continental 

shore of the Tatar Straits). It is interesting to note that, contrary to the /94/ 

well-known rule, the spawning migrations of the pink salmon in 1963 were rela-

tively early, possibly on account of the unusual hydrological conditions in the 

sea in 1963, which altered the times and direction of the spawning migrations 

of the pink salmon near the south-east coast of Sakhalin, the east coast of 

Hokkaido, and in Primorle. A similar change. in the regions of concentration . 

and the paths of migration of the pink salmon and chum, on account of a redis-

tribution of the water masses, 7as observed in 1961 by Frolov (1965). 

In certain years with exceptional hydrometeorological conditions in the 

sea the usual direction of the spawning migrations of salmon can therefore be 

varied. 	In such cases the attachment of individual stocks to the natal 

basins is diturbed,.as was probably observed in 1963. 
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At the same time it must be pointed out that in 1963 the number of Japanese 

salmon-fishing vessels in the Sea of Japan was reduced to 290 (by almost 50 51) 

and this could be a very significant factor in the increased return of the pink 

salmon. 

The favourable winter of 1963/64 for the development of the eggs and 

larvae of the pink salmon resulted in an exceptionally high downstream migration 

of the young fish, amounting to 70 million fish for the Rivers Samnya,  1m,  Ul 

and My. However, despite this fact, the return of adult fish in 1965 was 

small. Only about 400 000 pink salmon migrated into rivers where counting 

was carried out. The sharp decrease in the number of the progeny did not 

take place, as these observations show, in fresh waters. 

According to Birman (1965) the Amur., Primorle and Western Sakhalin stocks 

of pink salmon, Eastern Sakhalin pink salmon of the early (summer) migration, 

and part of the Hokkaido stock are distributed in the Sea of Japan; of these, 

the Amuï stock is the largest.  It  and the l'imorle stock of idnk salmon share 

common wintering districts. For that reason, probably, their numbers are 

closely interconnected. 	In 1949 and 1951, for example, when the migration of 

pink salmon in Primorle was abundant but in the Amuï it was small, from 8 to 9 

times more pink salmon migrated into the River My  than into.the Rivers Samnya 

and Im, but after the change in the cycle which occurred in Primorle in 1952, 

when high catches were obtained from even .year-classes, there was a marked de- - 

crease in the approaches of the pink salmon in the south-western part of 

Amur Sound in odd years and an increase in these migrations in even years 

(Table 22). 

The spawning year-classes of pink salmon in 1958 and 1963 show particularly 

clearly that a high level of occupancy of the Amuï spawning grounds leads to 

abundant stocks of the fish in the Sea of Japan whether the downstream migra- 
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tion of young fish from the Amur is large or small. This disparity between 

the sizes of the return and of the downstream migration shows, first, that the 

pink salmon is not strictly attached to its parental river and, second, that 

when year-classes of the pink salmon in the Sea of Japan are abundant they  are 

 forced to migrate into the Amur basin. These examples show that one of the 

most important factors determining the abundance of individual year-claim;es of 

Amur pink salmon is the degree of severity of the winters and freezing up of 

the spawning grounds. However, the return of sexually mature fish from these 

year-class(m depends on many factors: the heat content of the waters in the 

. feeding area, the redistribution of water masses, determining the state of 

productivity of the feeding region (Vedenskii, 1954), the reduction in numbers 

caused by predators, which are more numerous in the Amur and its approaches 

than for pink salmon stocks of the Okhotsk coast and of western Kamchatka 

(Abramov, 1955). In different years different factors naturally play the 

decisive role in reducing and increasing the pink salmon population. 

Commercial fishing undoubtedly is a significant factor in the sharp 

decline in the pink salmon population. The intensification of Japanese 

fishing of Amur pink salmon, judged from the increasing numbers of fish with 

torn off fish hooks found from 1956.  to 1960 (Enyutina and Krykhtin, 1957) 

must inevitably have reduced the migrations of pink salmon into 	Amur Sound 

and, consequently, reduced the occupancy of the spawning rivers by the adult 

fish. The question of the strict control over commercial fishing of the Amur 

pink salmon along its migration paths is thus more important than it ras for-

merly. 

Comparison of the numbers of downstream migrants of pink salmon with the 

mimbers returning to spwn, given in the above enanples, suggests that (other 

conditions being equal) the downstream migration is small if fewer than 50 
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million youn`; fish descend from the five monitored rivers of the Amur basin.

This figure is adequate for an average level of reproduction of the pinl, salmon

stocks and for limited commercial exploitation (counting ba.rriers) in Amur

Sound. If the do:=rnstre^m migration exceeds 100 million fish, commercial

fishing of the pink salmon can be permitted.



IX. PR:DICTIOU OF CATOMS 

1. rethods and Material 

Methods of predicting variations in pink salmon stocks have been developed 

by TIER° since 1940 to take into account the biological features distinguishing 

this salmon, such as the post-spawning mortality and the extent of the return 

to the Toarental river for spawning. 

The pink salmon fishing industry, concentrated in the lower reaches of 

the River Amur and 	Amur Sound to the extent of 90 	yielded hidi catches 

of this fish in even years and small catches in odd years. The statistics of 

the catches reflected differencesin the abundance of two suècessive year-classes 

of the pink salmon,observed as a regular feature in the Amur basin before 1949,and 

also served as the main indicator for predicting the size of the expected 

approaches. 

Predictions of catches of the pink salmon were based in 1940-1941 on the 

size of the runs of this fish in -two-year periods, and in 1942-1947 on the size 

of the runs for periods of four consecutive years. 

Since 1551, besides the statistics for catches, data for the number of 

adult fish on their way to the spawning grounds have also been used to predict 
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the Amur pink salmon population, and since 1952 the first information on the

^ salmon also becar^e available for this pur-do:rnstream r. ir2ation of the yol?nr

pose (the downstr.eam migrants were 'counted only in the Rivers 1,--y and Iski).

After the depression of the pink salmon population in the :,mur basin

1_: of its odd year-classes has been pro-which began in 1950, cor.mercial fishing

hibited since 1955 and that of its even vear-classes has been considerably

restricted since 1954. To keep check on the population of the spawning

stocks of pink salmon every year a single countinn, barrier is set up on the

right and left shores of Amur Sound. Catches at these barriers, giving

some idea of the relative size of the pink salmon population in the Amur basin,

indicate the state of,the stocks of this salmon and to some extent replace

statistics of the salmon catches during its commercial fishing.

Prediction of the size of spawning stocks of the pink salmon has been

based since 1957 on the results of control catches, the number of spa::mers

entering thP monitored rivers and the number of young fish migrating downstream

from these rivers. The number of downstream migrants gives indirect evidence

of the : survival rate of the population durin^; embryonic and larval

development in the bed and indicates the abundance of individual year-classes

of the salmon.

In Amurrybvod practice the "coefficient of downstream migration" is /97/

determined (in U as an index of abundance, using the equation:

K!N X 100

n,•r

where N is the number of dor:nstream migrants, n the number of females migratinf.-

into the particul,-or, river to spasrn (determined assuming a sex ratio of 1:1),

and r is the absolute fecundity.

Frori the coefficient of doy,nstream miLration it is possible to jud^e the

conditions of reproduction of the population but it ctnnot be used for predicl-
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ing, for it is not an absolute index, being based only on a sampling count. 

The "coefficient of return", i.e. an index exwessing the ratio between the 

number of adult fish returning from the sea and the number of downstream 

migrants, in per cent, is more important for predicting. This index can be 

determined only by .tagging salmon, as has been carried out on a large scale 

in America by Pritchard (1938) during the period 1931-1937. He found that, 

depending on the method, the return of pink salmon varied from 0 to 3 cï;. The 

coefficient of return of the pink salmon in Siberian practice can be taken 

conventionally, on the basis of this figure, as l. For calculating the 

efficiency of fish hatcheries the coefficient of return is also taken to be 

1(;.. (resolution of the Technical Council, Ministry of the Fishing Industry of 

the USSR, dated 12 February 1953). 

Knowing the distribution of the pink salmon, among the spawning stock of 

the Amur basin, the importance of the individual rivers in the reproduction 

of the stocks of this fish, and the  number of downstream migrants, with the 

aid of tha coefficient of return it is possible to predict the size of the 

,year-class returning from the sea. 

Let us examine the data on which the prediction of pink salmon catches 

is based. 

2. Fishing Statistics  

The original statistics on pink salmon catches in the Amur basin during 

the history' of commercial fishing vary in character but in most cases they 

are concerned with the main district for pink salmon fishing, namely 	Amur 

Sound, with its continental and Sakhalin shores, and the lower reaches of the 

River Amur up to 150 km from its mouth. 

1. 	The period 1902-1952 is characterized by an intensive coastal fishing 
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industry in the lower reaches of the river and in the Amur Sound. The catches 

of the rink salmon in the rikolnevsk (later the Lower Amur)  District in these 

years reflected the size of the Amur spawning stocks, except in 1933-1944  when, 

because of the unreliability of the counting, catches obtained on the south-

restern and eastern coasts of Sakhalin rere included in the catches of the 

Sakhalin enterprises of 	Amur Sound, thus distorting the over-all size of 

the pink salmon catch in the Amur basin somewhat at the expense of adjacent 

stocks. 

2. The period 1953-1965 is characterized by irregular exploitation of 

the pink salmon in the Amur basin (when it was prohibited or restricted because 

of sharp and noncyclic fluctuations in the fish population), and after 1952, by 

active sea fishing of the Amur salmon along its migration path by Japanese 

fishermen. Statistics for pink salmon catches in 	Amur Sound by control 

barriers indicate only the relative abundance 	of these stocks. 

These two periods can be conipared only with reference to catches of pink 

salmon in , Amur Sound by two barriers which were set up in the same places: 

in the region of Cape Pronge (on the right bank) and in the region between Cape 

Ozerpakh and Cape Tabakh (cin the left bank). This information is available 

since 1937 and I give it below in Table 58 togee,er with other statistics from /98/ 

which it is possible to determine the fraction of the control catch. 

In years of a very high pink salmon population (1938, 1942, 1948) the 

mean catch of the counting barriers was 9.0 (5.3-12.0) of the total stock 

fished, while in years of low and  average populations it was 5.3 	(2.2-9.5). 

3. Data of Fisheries Improvement Stations  

Resumption of the work of the fisheries improvement stations of Amurrybvod 

in 1949 after an interruption of seven years must play an important role in the 
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TABLE 58. 	Catches of Pink Salmon in the Period 1937-1952 and the Fraction 
of its Control Catch in the Amur Sound 

. 
1937 	 1640 	 - 44,8 	.** 	2,7. 
1938 • 	11780 	 1418,2 	 12,0 

. 1939 	. 	5600 	 . 	154,0 	 2,7 
1940 	• 	3820 	 239,2 	 .6,3 
1941 	 1510 	 88,0 . . 	5,8 
1912 	 7600 	 . 741,4 	 9,7 
1943 	• 	1380 • 418,7 	 8,6 ' 
1944 	 4350 	 ' 	' . 190,9 	. 4,4 
1945 	' 	. 790 . 	 ' . 	35,6 	 4,5 . 1946 	 5330 	 . 319,5 	 6,0 
1947 	 740 	 - 	16,4 	 2,2 

• 1948 	., 	10810 	' 	' • 	. 	575,8 	 5,3 
1949 	 • 1310 	 125,1 	 9,5 
1950 	. 	890 	• 	. 	 58,1 	 6,5 

• 1951 	 1690 	 66,3 	. 	. 3,9 . 
1952 	 610 	 . 	.. 	36,0 	 .5,9 

HEY: (1 )  Year (2) Catches (3) In the Amur basin, thousands of fish 

(4 ) At  two counting barriers, thousands of fish (5) Fraction of 
control catch, per cent 

study of the state of the stocks and prediction of the size of individual 

year-classesof pink salmon in the Amur basin. They supplement the statistics 

for catches with additional information on the number of adult pink salmon in 

the spawning rivers, i.e.,  •the residue after commercial fishing directly con-

cerned with reproduction of the stock of this species. The fisheries improve-

ment stations were so arranged as to cover the spawning grounds of the pink 

salmon as widely as possible. Two of them are situated on the Rivers Samnya 

and 1m in the basin of the River Amgunl, two on the main channel of the River 

Amur, of which the station on the River Beshenava (a rieht-bank tributary of 

the main channel covers for practical purposes thc. highest, while thnt on the 

River Ul (flowing into Lake Orel', connected with the main ri,rer by a side 

1110 	
channel covers  th P lowest of the Amur spauning frounds of the rink salmon; 

O
finally two are situated on the Rivers Ly and Iski. These stations, as 

Levnnidov (i;65) estimated,  monitor  about 40 (:of the total spawning stock of 
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the Amur pink salmon and are essentially counting and observing stations where 

the adult fish on their way to the spawning grounds and the downstream migrants 

are counted. 

On the basis of data for the local distribution of stocks of Amur pink 

salmon in the commercial fishing district only four of the six stations listed 

above give information that can be used to judge the reproduction of the Amur 

pink salmon reserves. It should be noted that, starting with the 1940s, 

appreciable numbers of pink salmon migrated into the Rivers Beshenaya and Ul 

only in years of particularly high abundance (1948, 1956, 1958), the number of 

. spawners in these rivers was rarely between 1 000 and 6 000, and usually it 

was only a few hundred fish. Consequently, the total migration of adults to 

the spawning grounds and the numbers of downstream migrants in the Amur basin 

can for rractical purposes be judged from three rivers: the Samnya and Im, 

to which most of the Amur *salmon migrate, and the My, frequented by the Primorte 

stock. It must be added to this that it is extremely difficult to count the 

spawners in the Rivers Sannya and Im during the spawning migration because of 

the distinctive hydrological conditions of the tributaries of the Amgun: high 

summer flood waters often break the wooden counting fences or undermine them 

to such an extent that the fish are either counted incompletely or not at all. 

In the 18 years (1949-1965) of existence of fisheries improvement stations in 

the Amgunl basin, for instance, the necessary statistics were obtained for the 

River Im in only ten years and for the River Samnva in nine years. 	Visual 

counting of salmon passing throug,h the fences often suffers from subjectivity 

and the error is sometimes so great that it is unacceptable. 	This applies in 

particular to the period of the main run when it is uhysically impossible to 

count each fish individually as it passes through. 

To judge the abundance of pink salmon in the Amur basin it is necessary 
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to carry out a total count of the young f ish rai.Ez ating downstream in the

sint;le channel of the lower reaches of the Amur, a task that is not yet a

prs,ctical possibility. Estimation of the downstream migration of the young

fish by the sampling method, when only part of the main channel of the river

is fished and the result is multiplied by a conversion factor for the whole

cross-section of the river, gives only approximate figures. The error is

increased by the fact that the number of available fisheries improvement

stations is completely inadequate for the purpose.

The techniques of sampling the rivers and counting the upstream and

downstream migrants so as to determine the abundance of individual

Year-classes of pink salmon are thus unsatisfactory.

4. Predictions and Their Reliability

Let us examine how the predictions of the nu.nbers of pink salmon in the

Amur basin have turned out and the reasons for failures of prediction.

In 1938 about 130 000 centners of pink salmon were caught in thc Amur

basin, and 46 ;' of the catch was accounted for by the Sakhalin fisheries (the

East Sakhalin, West Sakhalin and part of the mur stocks). In 1940 the pink

salmon catches were reduced by trro-thirds, and the contribution of the Sakhalin

fisheries in this case was reduced to 15 ;. ConseÇUently, the decrease in the

number of the spauning year-class of pink salmon in 1940 took place chiefly on

account of the Sakhalin stocks. Although details of the numbers of pink

salmon of the Sakhalin stocks were known in those years, the actual catch of

pink salmon in the Amur basin in 1940 (42 000 centners) almost coincided with

the estimated catch of 40 000 centners.

In 1939 the pink s:..lr. on stocks of the odd year-classes reached the hiEh

level of 1909-1011 and the proportion of the pink salmon catches obtained by
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the Sakhalin fisheries remained  jus t as high as in 1938. The estimated catch 

of pink salmon in 1941 was 60 000 centners but the actual size of the catch 

showed that the expected size of the year-class was three times too large. 

The 	abundance - of the pink salmon year-class reproducing in the tributaries 

of the Amur, according to the Amurrybvod statistics, was almost five times less 

in 1941 than the parental year-class, but this col2ld not be taken into account 

during prediction because of the absence of corresponding biological observa- /100/ 

tions. 

In 1942-1945 the actual catch of pink salmon was in every case smaller 

than the expected catch. The fact that it was war time was one reason for 

the overestimated predictions in these years, for there was no biological basis 

for its support. The predicted size of the pink salmon migration was parti-

cularly wide of the mark (by 79 5',) in 1945 when, without any 

justification, the size of the stock was predicted to be more than twice the 

size of the parental stock. 

The Amur salmoh population was unexpectedly high in 1948: the yield was 

three times greater than that predicted. A similar phenomenon was observed 

in 1949 in Alaska and in 1942 in Kamchatka (Vedenskii, 1954). 

The predicted catch of pink salmon in 1952 also was unrealistic because 

it likewise did not rest on a reliable basis: the parental year-class was 

small, only a few fish migrated into the spawning rivers, and information 

about the downstream migration of the young fish (about 13 million) was avail-

able only for the Rivers ry and Iski (not the Amur stock), and it could not be 

compared numerically with other years for this was the first time that any 

such observations had been made. As a result the predicted catch was con-

e siderably greater than the actual catch. 

The evidence shows that the predictions of the pink salmon catch in the 
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Lmur basin vie.re mostly incorrect (`à'able 59). Strictly speaking they ^^rere not

predictions but hi;;hly relative data for the strength of the expected year-class.

The technique for predicting salmon catches as it was in 1946 in the TIISftO

system was as follovrs: every year the fisheries reported only the general

state of the stocks and the direction in which the stocks vie-re changing through

the effects of commercial fishing and natural conditions; the final results of

the tests were compared with the results of the commercial or e:>perimental catch

and on that basis an approximate estimate of the possiblP catches was made.

TAB +' 59. Iredicted and Actual Pink Salmon Catches in the Amur Basin in the

. Period 1940-1952 (thousands of centners)

I'oA I
2.

Clporilo3
S

Bb=B OTaAottelille-I-
Ol' 11POri103a,

9:te%,1eHiai npor11o3a

1940 40,0 '42,0 + 5
1941 60,0 19,5 -- 67 .
1942 90,0 83,6 - 7
1943 44,0 19,2 -- 56
1944 66,0 .55,0 - 17
1945 45,0 '9,5 - 79
1946 50,0 9,3 -!- 19 Crart.icrni:a B61.1oBa
1947• 3ailpi:T ^ 10,•4

1948 10.0* 128.5 +221
1949 3anper P 15,7
1950 50,01 12,5 - 75
1951 60,0 22,0 - 63 CTaT. abinona If nponych
1'952 20,0 9,1 - 55 CT-Ir. Bbinoua, riponycK, cHar

I Pexoetenaonaunasi iiopma BblaoBa
/v

7

IC, Y: (1) Year (2) Prediction (3) , Catch (4) Deviation from prediction,
(5) Elements of prediction (6) Prohibition (7) Catch statistics
(8) Catch and escapement statistics (9) Catch, escapement and do^n-
strean migration statistics (10) Zecor.inended norm of the catch.

The subsequent period Was chexacterized by reLulos observations on the

mi,-.:ration of the spavrners and the dov;nstre2ui migration of the young fish in

sevcr^1 rivers of the .1's-mur basin. It was a pextic»lsrly valu--able addition

b•'^cn.use, inste<Id of statistical information on the pink salmon catches, since

'.i.,c of the prohibition or restriction of commercial fishing only the

r <"e It t;ïo countinr.• barriers were available.
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The modern method of predicting catches of pink salmon is thus based on 	/101/ 

the important biological rule that the size of the salmon return is usually 

proportional to the population of young downstream migrants from which these 

adults have grown (Semko, 1954). Since the number of young fish is largely 

determined by the survival rate of the year-classes in the prespawning period, 

prediction of the catches can be reduced to determination of the efficiency of 

spawning in each year by counting the number of young.downstream migrants from 

the rivers. VUth this information in hand, and knowing the age of maturation 

of the pink salmon, it is possible to predict the size of the spawning migra-

tion in corresponding years. 

On this basis Levanidov (1964a) derived a mathematical expression for 

calculating predicted catches of pink salmon. He calculated the strength Of the 

expected year-class by the use of a coefficient of return, amounting to 3 ,=1, 

or to 2 for particularly abundant year-classes. It was assumed that the 

five monitored rivers account for one-third of the spawning stock and that 

the intensity of salmon fishing in . Amur Sound is 60 

Let us examine the data which were used to obtain the 2-3 coefficient 

of return of the pink salmon. Assuming that the work of the fisheries imp-

rovement stations of Amurrybvod ou the counting of spawners. and the downstream 

migration of young fish was at the required level of technical proficiency, 

the ratio between the number of fish returning from the sea (the number of 

spawners passing through the barriers in five spawning rivers) and the number 

of young downstream migrants in the period 1952-1961 (according to Levanidov) 

was from 0.5 to 12.5 (Table 60). 

If 10 of the pink salmon caught in the southern part of the raritime 

Territory of this fish by the northern Japanese fishing fleet reproduced in 

the Amur basin (Kotov, 1957; Semko, 1950), the size of the Japanese catch 

of the Amur pink salmon on its migration routes does not agree with the 
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residual number of fish after exploitation. 	The lar:.Ker the catch of pink 

salmon, the fewer fish migrate into the spawninr; rivers and, consec,.uently, 

the lower the coefficient of return. 	In fact, however, according to the 

data in Table 60, this correlation is not observed: in years of particularly 

intensive Japanese fishing, when between 6 000 and 10 000 tons of Amur pink 

salmon were caunbt, the coefficient of return varied from 0.7 (1961) to 12.5 

(1956). 	The considerable difference in the coefficient of return of the pink 

salmon in the two abundant year-clasœs of 1956 and 1953 and the very high co- 

efficient of return for the pink salmon in 1955, the abundance 

was small, are stranger still. 

of which 

TABLE 60. Coefficient of Return of the Amur Pink Salmon from Young Fish 
and Fraction of this Salmon Caught by the Japanese 

1952 	0,9 
1954 	6,5 
1956 	12,5 
1958 	2,7 
1960 	2,6 

2,3 	' 	• 1953 	0,5 	1,9 
2,3 	. 	1955 	9,3 	• 7,3 
7,0 	 ,1957 	. 	1,5 	9,5 

10,0 	. 1959 • 	. 10,0 	. 10,1 
6,1 . 1961 	• 	0,7 	7,5 — 	 . 

- 

KEY: (1) Year of return (2) Coefficient of return, per cent (5) Caught by 
Japanese, lhousands of tons 

Commercial exploitation of the pink salmon in 	Amur Sound can also 	/102/ 

introduce a large correction into the coefficient of return. The commercial 

catch of this salmon in the period 1952-1961 ras very irregular: in 1952, 1958 

and 1960 the intensity of fishing was 50-60 	but in the other years, as a 

result of the prohibition of commercial fishing, the catch was obtained with 

two counting barriers, and their mean fractions for the odd year-classes of 1953-

1961  and for the year-class of 1 954 was 5 	and in 1956 it was 10  9  of the 

stock. 

The great variabilità-  of the calculated coefficient of return of the pink 
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salmon must evidently be attributed to the imperfect technique used to count 

the upstream migration of spawners and the downstream migration of the young 

fish. The investigations of the Amur branch of TIHâO aimed at determining 

corrections to the size of the downstream migration of young salmon by means 

of vital staining (Levanidoy, 1962)à . are therefore of great current importance. 

The mean annual value of this coefficient also was determined without inclusion 

of the highest values. In that case, therefore, why were the lowest values of 

this coefficient also not excluded? 

The , . uncertainty 	of the coefficients thus obtained can be summed 

up in the words used by Levanidov himself, who carried out the calculations: 

"The ability of the pink salmon to redistribute itself within the Spawning area 

can lead to great errors when the return from the sea is estimated." Although 

for 1958 and 1960 the catch of pink salmon predicted by calculation agreed With 

the actual results of the catch (the prediction was not given beforehand, but 

was computed by Levanidov several years later), my own attempt to carry out a 

similar calculation for other Y 

The  fact that the return of the year-classes sometimes correlates to a 

slight degree with the calculated number of downstream migrants is shown by 

the comparison given in Table 61, where the most complete material for the 

downstream migration of the young pink salmon from the five most important 

rivers for reproduction are given as examples. By this means an attempt 

could be made to find new correlations between the abundance of the year-classes 

and the conditions of their life in the river. Assistance with this section 

of the work was given by Yu.E. Lapin, Senior Scientific Assistant at the 

Institute of Animal rorphology, Academy of Sciences of the USSR. 	 I 

The technique of the investigation vins  to compare the abundances 	of 

the pink salmon year-classes (determined from catches of the species by two 

ear-classes was unsuccessful. 
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counting fences in • 	Amur Sound) with the hydro-meteorological conditions 

of their life in the river, especially in the autumn and rinter. Other 

factors studied at the same time included the population of the parental stock, 

the time of the migration and the periods of sparninfl:, the duration of the 

incubation period and the time of the downstream migration. Attention was 

concentrated on the connection between the rate of survival of the year-classes 

and the depth of the show cover and the winter air temperature during incuba-

tion. The role of these factors in the survival of another Pacific salmon -- 

the chum -- has been studied in great detail by Kostarev (1964), who showed 

that the snow cover and winter frosts have a very powerful effect on survival 

• of the eggs and young fish in the redds. This was of course shown previously 

by Smirnov (1947). These factors can . not only kill the young fish directly 

by causing the bed to freeze, but they can also reduce the survival by 

interfering rith the water -supply to the redds. 

TABLE 61. Relationship Between Size of Return of Pink Salmon and Number of 
Downstream Pigrants from the Spawning Rivers Ir., Samnya,  My, Ul 
-and Beshenaya 

2— 	 Y.:10BM D,Byx Konutlecrao / 	• Foi' powgemin 	 Konrpo.lbHbIX 
Hof:a -moil mo- 	 lipublegmma noK.o.leuna 	 3 a 03e,NOB, 	

• 110.1111,  
Tbl C. WT. 3  

1951 	11,2 1 	 19 
1952 	 5,42 	 0 
1953 	 1,2 1 	 0 

1954 	27,5 1 ,2 	775 	YtICT B peKax Henommil *-5.-  
• 1955 	 1,8 1  .• 	19 	Wger B  pax  Henommil '5—  

1956 	397,1 	1720 	Y1Ler 13 pexax H }MOB Henanumil (-, , 	 . 
1957 	 6,1 	. 	269 
1958 	 44,6 	389 	 . 

' 1959 	 10,8 	 44 	 • 	. • 
1960 	' 	2,5 	 87' . 

' 1961 	 12,2 	370 	 . 	 . 
1962 	 99,1 	 233 	 ' 
1963 	 70,3 	 370 	

. 	 . 

1964 	. 	17,92 	318 	 . 	 . 

' Be  p. Camm 7 
2  13e3 p. Yi.  çç 

YIICT B peKax IleB0/1111di 5  

KY,Y: (1) You• of birth of year-class (2) I7umber of downstrenn micTr,nts, 
millions of fich (5) Catches of tro countiru fences, theusruld of 
fioh (4) Rci“erks (5) Count in rivers incomplete (6) Count in rv(, r: 
and cutch incomplete (7) 'Athout River Samnya (3) ',ithout  hiver Pi  
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Key: (1) depth of snow, cm

Since it was essential to estimate the degree of the influence of these

factors on the whole population of the Amur pink salmon and not on certain

parts of it, an attempt was first made to discover to what extent their changes

throughout the area of reproduction of the pink salmon in the Amur basin are

uniform. Changes in the depth of the snow cover at three points lyinb within

the breeding grounds of the -,'^.mur pink salmon are shown in Fig. 141. Only in

two cases were the variations in this parameter asynchronous, and at all the

other twelve the variations coincided completely; it was thus possible to

judge chano-es in the depth of the snow cover throughout the area relative to

any single observation post. The same conclusion is also true of temperature

in the winter period.

The character of the changes (the mean for three months) in the depth of

the snow cover in the. region of the Ziver A:^iun' is shorrn in Fig. 15; t'^ese

chanE;es are coMpared with variations in the abundance of the year-classes.

l'.I"he depth of the snow cover cTa^ deter,,nined by rosts of the IT^,dro-
e^.ccrin,•ic^.l `'crvice in the forest, i.ina^^r ±^^e crot;:ns of the trees.
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In the period from 1936 to 1948 the catches in even years were fairly high

and the size of the year-classes in the even years ûid not fall below 6 million

fish. Except for the 1935 year-class, conditions for their period of life in

the river ^rere favourable: the snowfall in winter was considerable. So far

as the year-classesborn in odd years are concerned, parallel with the decrease

in depth of the snow cover in corresponding 1•rinters, the numbers definitely

diminished. After 1946, when there was much snow and an abundant stock of /104/

fish, the dry winter of 1948/49 corresponded to a sharp decline in the _

abûndAnco- of this year-class, and a further decrease in the depth of the snow

cover led to a deep depression of the pink salmon population. In 1954/55 there

was more snow and this was reflected in a rise in the abundance of the 1956

vear-class. Later the depth of the snow decreased and there was a corresponding

tendency for the size of the population to diminish.

Z',herever possible in the graph (Fig. 15) T have given the number of fish

pas-sing through the counting fence to the spawning grounds. Clearly when the

snoi°rivas deep, usually the number of young salmon was high, despite considerable

fluctuations in the size of the parental stock. However, a very small stock

(1955), even &a.ven good conditions for breeding, cannot produce an abundant

progeny and, conversely, even if the conditions for reproduction are bad (1938

and 1958), an abundant parental stock can produce large numbers of young fish..

The temperatures during the winter months (mean for December, January and

February) vary from -21° to -30°C and have no definite connection with the

results of breeding. This lack of correlatiori must evidently be interpreted

as showing that despite certain fluctuations, winter temperatures are always

l^thal to the ejgs and larvae of the pink salmon of parental year-c18.sses vriiose

redds are inadequately covered with snow.
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Fig. 15. Variations in pink salmon catches and depth of the snow cover in 
the Amur basin: 1) catches, 2) depth of snow. 
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Fluctuations in the water level in the river during the migration and 	/105/ 

spawning of the pink salmon and before freezing over are shown in Fig. 16. 

Observations show that the importance of changes in the water level at this 

period as regards the results of reproductiondepends on their direction. A 

low level during migration and an increase in the level before freezing over 

(Lre favourable for survival whereas an initially high level, falling later, 

my bave undesirable effects: the water supply to the redds is reduced or they 

dry up completely. 	The action of this factor can usually be assessed only 

in conjunction with what  I regard as the main factor of survival: the depth 
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of winter snow, and they can either strengthen or weaken.the aCtion of this 

factor. 
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Fig. 16. Variations in catches of pink salmon, water level of rivers and air 
temperature (at Udinsk) in year of birth of year-class: 1) catches, 2) water 
level during run and spawning (mean for July and August), 3) leVel rbefore 
freezing over (mean - for September and October), 4) temperature (mean for Decem-
ber, January and February) 

Key: (1) water level, cm (2) catch at countinPz fences, thousandà of fish 
(3) mean annual (4)air temperature, degrees C (5) yeàr=CiaàSes 
(6) years of catches 

It will be clear from the observations  described that abundant iéâéiétêSeS 

are usually formed when the snow cover is deep; in dry winterà ifiaI 6f the 

year-classesas a rule is much reduced. 	However, observations ffiter à pei‘làà of 

26 years have not revealed any significant connection (Table 62) between the 

pink salmon population and the depth of the snow cover, exnressed mathematically -

as a tetrachmic imlex (rlokhinskii, 1961). 

The ckpendonce of the return of the pink salmon on the heiht of the 

January and February water levels in the River Amgun' (Levanidov, 19(1,a) is 

also at tho border  lino of significance (f_3,93) , although thoro is definite 
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correlation between these parameters. 

Consequently, two of the leading external environmental factors -- the 

depth of the snow cover and the height of the water level in the spawninP: 

rivers in the winter period, with a direct influence on the survival of indi- 

vidual year-claœes of the pink salmon and determining the general character 

of changes in their abundance, -- cannot be used as basic data for pre- 

dieting catches, for significant correlation between them and the return of 

the fish to spawn is either absent or almost absent. 

TABLE 62. 

• 
Bucora citexatoro noKpoBa . 

ilitcnetniocTb rop6yiuu (y.goB .anyx 
.1■ 011TpOlIbIlLIX 3i1e3.0,K013) 

yseettenue C., 

KEY: (1) Depth of snow cover (2) Greater than normal (3).Less than normal 
(4) BY normal is meant the mean annual (5) Abundance of pink salmon 
(catch at two counting fences) (6) Increase (7) Decrease 

With the available facts no direct correlation can be found between the 

size of thdparental stock and its progeny. However, this does not mean 

that the abundance of the parental stock does  no t affect the catch. Even 

under favourable conditions of reproduction and incubation in 1955, for  in-

stance,  a su.all parental stock could not produce an abundant progeny and, 

converly, the abundant parental stocks of 1930 and 1958, despite the dry 

winter and, possibly, the severe freezing and death of the year-classes, 
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nevertheless yielded a comparatively abundant progeny (Fig. 15). A large 

e parental stock, yielding an abundant Y ar-class  under favourable conditions,  

can also compensate to some extent for unfavourable conditions and may .P.7ive  

rise to a sufficiently abundant progeny. 	This means that abundance does not 

only depend on the conditions of deelopment of the Year -class in the river, 

but it also depends no less on the original quantity of "seed stock"  

on the number of spawners. 

At the present time it is much more difficult to alter the natural con-

ditions of incubation of the eggs and development of the young fish in the 

river (the snow cover and the water levei at the site of the redds) than it is 

to control the abundance of the parental stocks. 

In conclusion let us examine the mathematical relationship between the 

return of the pink salmon and the number of downstream migrants (Table 63). 

Using the data in Table 61 as the basis, we obtain: 

TABIE 63. 

• Bbune nopmm 2- 	 . 2 	 1 	 3 
. 	 .. 	, 

lime Hopmbi . 3 	 — . ._ . 	11 	 11 

v 	 . .., 	 12 	n..--14 

KEY: (1) Size of downstream migration of young salmon (2) Above normal 
(3) Below normal (4) Abundance of pink salmon (catch at two counting 
fences) (5) Increase (6) Decrease 

ThetatrachorLc coefficient of correlation I/ 

: 	29 	22 
-------- - — ---= -----, — --I-  0,786,  
.12.3.1f -- 1

-
/792 -- 9b 	' ' ' 

fld iti; significncc U
2 

- 14.0 x 0.786
2 

- 8.65, which fully confirms the 
1-1- 

sir_;nificant correlation (0 • 999> P > 0.99) between these two factors. 

99 
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As these facts and arguments show, the abundance of young downstream 

migrants is the most reliable indicator of the size of the return of the 

spawning year-class. For the Amur pink salmon the principle of prediction 

based on the size of the downstream migration of the young fish and based on 

maturation of this species at the -age of two years is therefore free from 

objection. 

However, the weak correlation (r = +0.39 for 38 cases) between the number 

of young downstream migrants and the commercial return of pink salmon shows 

that the stock of this species is subjected to the action of eliminating en-

vironmental factors in the period from the downstream migration from the rivers 

to the return to fresh waters: the most important of these factors are natural 

death of the young and adult fish from disease, their consumption by predators, 

and mortality resulting from commercial exploitation by Japanese sea-fishermen. 

It is very difficult to allow for these enviromental factors when predicting 

the abundance 	of each pink salmon population. 

The reliability of our predictions is considerably'reduced by the absence 

of information about the abundance of young pink salmon in the !mur basin as 

a whole. 	It is at present virtually impossible to obtain such information. 

For this reason, improvement of the methods of counting the young pink salmon 

migrating downstream and the extension of observations to as many spawning 

rivers as possible are of the utmost importance. 

5. Ways of Improving Prediction  

With the considerable differences in the size of the annual spawning 

migrations and the very strained state of the reserves of pink salmon in the 

Amur basin in recent years there is a particularly urgent need for the rational 

planning  of its commercial exploitation on the basis of biologically based 
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predictions of the numbers of individual year-classes.

To improve prediction of the pink salmon population in the ^r::ur basin

the following steps must be taken:

1. The network of fisheries improvement stations must be tiridened and

seasonal counting and observation points must be set up to count adult salmon

and young downstream migrants;

2. -Counting of salmon brood stock must be improved by setting up

counting fences of permanent type, chiefly on rivers v.here these fences are

regularly broken because of sudden considerable rises of the Y.,ater level (the

basin of the River 1`zmnun' );

3. Countin^ the escapement of salmon through counting fences must be

changed from visual to automatic;

4. Data obtained by counting spa:vners and young downstream migrants in

the River Iski must be used ti-rith very great care because this river is fre-

auented sometimes by the Amur, sometimes by the Sea of Okhotsk stock of pink

salmon, depending on the size of the sparrning- migration;

5. The effect of the number of predators (fishes and ;..iam.mals) on the

pink salmon population during its doi.-mstream migration in the river, in the

region of the feeding migration, and at the approaches to Amur Sound must

be studied;

6. The contribution of Japanese fishing to the reduction of stocks of

pink salmon in the Amur basin must be studied.



X. ?:^̂ 't SL ^^s TO ?.`AI NT AIPT uM
IITC2E1_!1`)ÿ t'E^ STOCKS

1. History

The profits to be made by the sale of salmon products from Ni'rolaevsk

District led to intensive fishing for the pink salmon and summer chum by

local entrepreneurs. In the peasant industry salmon were caught often

regardless of whether they could be processed in time or not, and for that

reason much of the catch was thro:^;n away because of putrefaction. The

"rapaciousness"; to use Tilàlenko's (1915) words, became a usual feature of

the commercial fisheries in the 191-fer reaches of the River Amu-r and Amur

Sound and was widespreacl in character. This aroused fears for the fate of

the salmon stocks and led to the institution of measures aimed at their

preservation even before the ievolution. The post of controller of fisheries

was set up as a first step in the Dep°xtment of Sto,te =,esources an was held

at that time by the fa;.ous ic'Zthyole,•ist V.K. T'-razhnikov. On his instruc-

tions, as i'a.ra':-?zin (1923} re,,orts, the first measures to sw.fe;Luard the national

ï:C a1t 1 Of ^.:ile __:L'.l' ':C','1.o:1 ta.ïen, the restriction of J'^wp8.nese fiShin^.^, in

tiie 1o;ïcr rcaches of the :Ziver Amur and in Ar.!r^r^ Sound. Itc_-ula tions for
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11/1 	
the orgnization of fishing also were introduced: the fences were to be a 

specified distance apart, the length of the fences was limited to two-thirds 

of the width of the main channel, not more than one trap net was to be fixed 

to each fence; not more than two seines could be kept on each fishing place 

(except those used by the indigenous population and the peasants) and the 

second seine must not be set before the first had been hauled in (Geineman, 

1911). 	Fowever, despite the measures adopted, - every year the occupancy of 

the spawning grounds by the fish was reduced, especially in the upper parts 

of the spawning area, and the small rivers near Lakes Chlya, Kadi and Kizi, 

according to Tikhenko (1915) were completely without fish by 1913. 

After 1914 failure of the pink salmon catch in odd years came into sharp 

prominence and the two-year cycle became established, in which commercial 

exploitation was based on the year-clasœs of even years. 	• 

11!!) 	
Brazhnikov (1920) ote: "The decline of the Amur fishing industry must 

evidently be ascribed .... to a decrease in the actual reserves of the salmon, 

.... to the fact that fishing in this region has gone beyond all reasonable 

limits and that restoration of the previous levels of the catches can hardly 

be expected unless serious steps are taken to bring order into the fisheries." 

In his investigation into the state of the Amur spawning grounds Kuznetsov 

(1926) found that, besides the wasteful salmon fishing and the irrational 

character of the industry in the pre-revolutionary period, exhaustion of the 

reserves of all year-classes of the summer chum and odd year-classes of the 

pink salmon was also due to a decrease in the productivity of the spawning 

grounds as a result of the settlement of the ,,mur Region and the industrial 

development in the basin. It was also considered that a sharp and consider-

able decrease in salmon catches vas due to poaching with various types of 

efficient fishing gear and by the large numbers of poachers operating in the 
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lower reaches of the Amuï. The study of the state of the salmon fishing 

industry and spawning grounds in the Amur basin thus showed that the decrease 

in the stocks of odd year-classesof the pink salmon and of the summer chum in 

all years vas due to human activity. This activity was expressed both as 

excessive fishing for salmon and as a deterioration in their spawning grounds 

and, consequently, a contraction of the spawning area. 

Measures adopted by the Department of State Resources included limitation 

of the size of the fences that could be erected on State land (a reduction in 

length of the fence line and of the trap, with prohibition of any form of 

mechanization) and the wider spacing apart of the fishing areas in waters in 

the vicinity of the town of Nikolaevsk in order to reduce their number to the 

essential minimum. The number of small-scale fisheries was limited to that 

required to supply the needs of the industrial population. Fishing areas of 

appropriate size and fishing efficiency were marked out and it was forbidden 

to hire workers for fishing or for fish processing; with the object of pro-

tecting the fish the creation of new settlements was not allowed below the 

town of 7ikolaevsk or on Amuï Sound (ausanov, 1924b). 

By 1918 fences had been replaced by seines for fishing in the commercially 

exploited waters near Nikolaevsk and a little higher; the number of fences 

had also decreased, and they had been replaced by seines, in the region of 

the !mur  estuary also, where of the 16 unusually efficient fences of Japanese 

type only eight remained (Bulletin of the Chief Department of Fisheries and 

the State Fishing Industry, No. 9, 1923). 	The number of fences which,•during 

the occupation of Kikolaevsk (1920-1922), had been increased by the Japanese to 

31, had decreased in 1924  to only four or five, because of the rrohibition of 

gl, 	
the use of fences for fishing (lconomic Life of the Far East, 7o. 1 (5), 1924). 

The following resolution  was  passed at the Second Provincial Congress of 
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the Fishing Population in 1918: "to maintain fish stocks at the required 

level, benides the prohibition of barriers, spawning grounds in rivers must 

be safeguarded as much and as extensively as possible, for which purpose 

fishinr: near the mouths of the rivers and in the tributaries of the Amur 

must be completely forbidden." 

In 1925-1924 the first guidelines were introduced for salmon fishing for 

the commercial enterprises and the local population. They were based on 

statistics for catches in various districts and areas over a period of years 

starting from 1914. Standards of consumption also were introduced (for feed-

ing the local population and the haulage dogs), in which the actual needs of 

the region in connection with the conditions of life were taken into account. 

The pages of the journal "Byulleten.' Rybnogo Khozyaistva (Fisheries 

Bulletin)" were'filled in 1924-1926 with alarm concerning the fate of the 	• 

Pacific salmon in the Amur basin. 	Soldatov (1924a, 1924b) proposed standards 

for the industry, protection of natural spawning, and the widespread undertaking 

 of fish breeding by the cheap and simplified method of LI. Kuznetsov (breeding • 

in soil). 	1,T.P. 7Tavozov-Lavrov (1924) spoke of the need for protecting salmon 

and in support of the method of breeding salmon in the bed as suggested by 

Kuznetsov. To safeguard the salmon stocks and to maintain.them at a high 

enough and stable level, ravozov-Lavrov (1925) and Ktznetsov (1926) suggested /110/ 

that sufficient spawners be allowed to pass through to the spawning grounds 

and protected against excessive fishing before sparninr- , and that excessive 

salmon fishing be abolished; in other words, a change to rigid application 

of limits to fishing on a wide scale, not only for the local population, but 

also for the private and State fishing industry. Although LI. Küznetsovls 

experiments to study incubation of artificially fertilized salmon eggs in the 

beds of spawning streams were unsuccessful, they nevertheless established the 
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41, 	principle of protection as a sound basis for fish breeding under natural 

conditions, as he reports in his publications in 1928, 1937 and 1944. 

The Amur fishing industry was investigated by a special commission of 

Daltr,I and DVIIK, which drew conclusions regarding the limitation of sub- 

sistence pink salmon fishing and the prohibition of pink salmon fishing in 

the spawnirm grounds;  it also recommended strengthening the fisheries in- . 

spection.system in the commercial fishing grounds and spawning areas and the 

development of fish breeding (7selishchev, 1924). 	Some of the proposed 

measures were embodied in legislative documents of the Far Lastern Revolu- 

tionary Committee (Daltrevkom). 	In 1925, for instance, fishing for all 

species was prohibited until further notice in the pro-estuarine regions and 

in the channels of the Rivers Kell, Iski, Avri, Lyangrovaya, Charrakh, Chord, 

Hy,  Pal' vo,  Zubarevka, Kamora, Beshenaya, Anyui and Gorin and in Lake Kizi,. 

in the pro-estuarine region of the River Amgunt and the tributaries and streams 

nearest to its mouth; and also Lakes Orel ,  and Chlya and the Daltzhinskaya 

Channel (in the River Amgunt), which were declared to be protected (Bulletin 

of the rain Department of Fisheries, No. 5, 1923). 	According to minute 	No. 7 

of the meeting of the Presidium of Daltgosplan dated,3 April 1925, pink salmon 

fishing was prohibited everywhere in odd years for eight years and salmon 

£ishing was prohibited in the spawning grounds during the period of spawning. 

The only exception in this case was the local indigenous population, who were . 

given the right to fish for salmon but only for their own consumption (Fisheries 

Bulletin Ro. 4, 1525). 	The scale of pink salmon fishinE to satisfy the 	needs 

of the peasant and indigenous population, as laid down  'Dy the provincial govern-

ment (Kraiisolkom) was 5 million fish (minimum), while the annual norm of fish 

that couM be cauf:ht as food for a single baula7e  dot  was 250-550 fish (:conomic 

!7ews, 
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1111,„, 	
Ls the first measures to restore the depleted stocks of summer species 

of salmon and to promote their reproduction, put into effect before the 1940s, 

protective measures aimed at controlling the exploitation of the fish and 

protecting them at the spawning grounds were thus instituted as follows: 

1) Replacement of some fishing fences by seines and a decrease in the 

number of fishing areas near the town of rikolaevsk; 

2) The introduction of prohibition of pink salmon fishing in odd years 

after 1925; 

3) Protecting the spawning  grounds  along the main tributaries of the 

Amur -- this was not carried out until 1923 (ruznetsov, 1926); 

4) The specification of standards for the industry, and 

5) The creation of counting points on spawning rivers for planting salmon 

migrating upstream for breeding, in 1925. 

In 1925 the Pacific Ocean Fisheries 	 Station was orEanized by 

the Far-Eastern Department of Fisheries in Vladivostok; later it became the 

Pacific 0cean Research Institute of Fisheries and Oceanopraphy (TI1'R0). Thig 

marked the beginning of the study of the biology of the Far-Eastern salmon. 

• ■• 

/111/ 2. Fundamental Research for Fisheries Improvement r_easures  

Smirnov (1947) summarized protective and other measures carried out in . 

the past and capable of use in the ruture and concluded that: 

Conservation of the spawning grounds of the Amur salmon has been carried 

out in an extremely lax manner from the very beginning; 

Artificial breeding of salmon is superfluous if the fish are able to lay 

their eggs under natural conditions; 

The specification of normal limits for catches can be a useful measure , 

if the established norm is soundly based (does not exceed the actual catch) 
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and if it rrovid.es for reproduction of the fish stocks in 1ar"er numbers 'hall

previously;.

The develoi.,^:en t of 11Shera.eS i7.".proveillent measures i s a v ery compleX,

problem as re ,'?SC'iS the actual ?-:orC^,,1.n^ of the measures, their aims, and their

eeonomic sisc:nificance.

Smirnov regards the results of hùr.ian interference with nature as on the

tihole beneficial and in order to increase the reproduction of the salmon re-

sources in the zmur basin he proposes measures to encourage fish breeding

under natural conditions:

a) to give the 1argest spawning grounds the status of reservations and

prohibited areas under State control;

b) to introduce as nuickly as possible thP simplest types of improvement

work (cleaning out the sparmine grounds, side channels, creeks, mouths of

rivers and so on);

c) to organize research and counting points in order to study the causes

of fluctuations in the salmon stocks and to establish normal limits of catches.

;ith the or,r,a niza.tion of the _lmur B-ranch of `IIIn?0 in Ihabexovsk in, 1945

and the establishment of fisheries improvement stations of Ar.iurrybvod in the

Amur basin in 1949 planned research began into the state of the Amur salmon

stocks and work began to develop a system of measures aimed at their restora-

-tion. The main purpose of this research on the pink salmon was to study the

waV in which its stocks fluctuate (by analysis of catch statistics,

the study of the hydro-meteoroloEdcal factors of the envirorusent, determination

of the influence of predatory fish and mammals, the study of thP local distri-

bution of stocks) and to develop a method of predicting catches.

Birman and Levanidov (1Q53) showed tha,t :

The most chwr^cteristic feature of the dynamics of the pink salmon popu-



lation is an invariable increase in the stocks of one year-class immediately

after a fall in the level of the stocks of the precedin,a one (and vice

versa);

_lter.nation of strong and weak year-classes of pink salmon in

successive years is an adaptive property, facilitating early maturation of the

fish, a rapid rate of renewal of sp2r,minj stocks, and numerical superiority

over other speciPs of the genus OncorhTrnchus;

The increase in the amplitude of fluctuations in pink salmon catches in

even and odd years is not the result of the depletion of its stocks in odd

year-clâsses,but the result of intensive commercial exploitation.

The important conclusion rras drawn from these findings that prohibiting

fishing for pink salmon of weak year-classes cannot make any con-

tribution toward the restoration of the stocks because of the nature of the

population dynamics of the pink salmon as a species.

The investigations of Smirnov (1;'d,7) revealed the chief cause of fluctua-

tions in the abundance of the ;,.mur salmon as the freezing and drying of the

spacninr, grounds in winters with little sno;;fall. The finer details of this

problem were investigated later and the position clarified.

Vasil'ev (1558, 1959) considers that the cause of death of the rink salmon

(and al-,o of the sun.mer chum) in the early stages is not the freezing of the

redds but a disturbance of their ;:,ater suppl,y as a result of the freezing of

certain parts of the rivers do-n to the bottom: the decrease in percolation

of nrLter in the soil in such cases reduced the oxygen concentration in the

redds s,lr._ost to zero, leading to mass destruction of the eggs and larvae. The

main practic•al problem in this case is the prevention of freezing. It is

su`,^ested that this can be done by erecti r_^; dams on the river bofore the ice

^ forms in order to produce hanL-in;; ice, under which no tTorrth of fresh ice can

/112/
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take place throughout the winter, and a steady flow Of ground water is main-

tained. 

Levanidov (1964a) discovered a direct relationship between the January 

water levels in the  Uver Xmunt (at the village of Udinsk) and the population of 

Amur pinksalmon and foumithAt the most critical mmiths for the eggs and embryos 

are December to FebruPry, when the greatest fall in the water level takes place 

in the spawning rivers on account of ground water depletion, caused by 

tp, 

the low air temperatures and the thinness of the snow cover. He considers 

that the depression of the pink salmon stocks which began in 1950 is connected 

with an increase in solar activity: at times of warming of the sea, on the 

one hand, the atmospheric circulation is increased and this may cause cooling 

of the air and freezing of the spawning rivers; on the other hand, the mor-

tality of the pink salmon in the sea is increased because of fluctuations in 

the food supply, changes in the conditions of feeding, or in the numbers and 

activity of predators. Levanidov thus explains the fluctuations in the stocks 

of the Amur pink salmon as does Kaganovski (1949) and Birman  (1957, 1959), 

namely by climatic features. 

During their departure from the nests and downstream migration many of 

the young Pacific salmon are eaten by predatory fish. The mortality among 

the young salmon from predatory fish (young silver salmon and char, adult char) 

in the basin of the River Bol'shaya on Kamchatka (Karymaiskii Channel), accord-

ing to Semko (1948) from April until the end of July, 1944-1946, was between 

52.1 and 84.2 	These and other figures, as well as the discovery of young 

Pacific salmon in the stomachs of the taimen, pike, lenok and whitefish of the 

Amuï' rivers led the fisheries conservation authorities of the Amuï' basin to 

permit unrestricted fishing of these predatory fish in the salmon spawning 

rivers. 



- 185 - 

The study of feeding relations between the young salmon and the fresh-

water fish of the River Amgunt basin (taimen, pike, lenok, whitefish, ide, 

grayling, Amur minnow etc.) led Abramov (1954) to conclude that the measures 

adopted by Amurrybvod, aimed at the complete elimination of the taimen, pike, 

lenok and whitefish, as practised in the Amgunt, were not soundly based; as 

a result of unrestricted fishing for lenok and pike in the spawning rivers 

of the Amgun ,  basin an increase had occurred in the population of the most 

dangerous predator for the pink salmon and chum -- the Amur ide. 

In 1954-1560 Kokhmenko (1964, 1965) studied the food relationships between 

young Pacific salmon and the freshwater fish and certain diadromous fish of the 

Amur basin and neiEhbouring districts. She found that: 

'1) young downstream migrant salmon.in  the rivers of 	Amur Sound are 

eaten by the whitefish, lenok, the spent smelt and the sexually  immature char; 

2) the malma is most probably a competitor of the young salmon for food; /113/ 

3) char (malma and Sakhalin char) eat many nuisance fishes and thus 

reduce the strain on the feeding relations between the young salmon and the 

freshwater ichthyofauna; the eradication of these figh cannot therefore be 

regarded as desirable; 

4) the lenok, whitefish and pike eliminate competitors of the young 

salmon fer food, thereby improving the food supply for the salmon. 

In order to increase the number of diadromous salmon it is suEgested 

that: 

the char population be restricted only during the downstream migration 

of the young salmon by periodic fishing of shoals of these fish at the mouths 

of the rivers; 

by catching without restriction the Amuï' ide, minnow, and other nuisance 

and worthless fish. 



186 

According to statistics issued by Glavamurrybprom,.the great majority 

(88 	of marine mammals caught in 1941-1944 in 	Amur Sound and adjacent 

waters consisted of seals and beluL,:as; the mean annual catch of these mammals 

was 1112 and 861 respectively. 

The reports by Arsen'ev (1937) and Sleptsov (1952) that pink salmon arc. 

 eaten by seals and belugas and the counts of pink salmon wounded by marine 

mammals, with characteristic traces on the body, undertaken by the Amur Branch 

of Tium in the River Amgunt during 1940-1952 (the number.of "wounded" in these 

years was from 2.9 to 10.7 	showed that considerable losses are inflicted 

on the Amur pink salmon. 

To minimise the effect of predators in reducing the pdnk salmon stocks 

and in order to increase the salmon population Abramov (1954) proposed: 

that fishing for lenok, whitefish and Amur ide with drag seines in the 

mouths of spawning rivers be permitted only during the downstream migration 

of the young salmon; 

that the hunting of marine animals (seal, beluga) in the Gulf of Sakhalin, 

, 

 

.mur Sound and the lower reaches of the Amur River be intensified during 

the spawning migration of the pink salmon and chum, i.e., from June to the end 

of September. 

As long ago as in 1926 I.F. Pravdin considered the study of the location 

of the pink salmon stocks to be an important preliminary step in the 

restoration of the stocks in the Amur basin. As a result of investigations 

. of the composition of the pink salmon stocks in the Amur fisheries district 

in 1950-1954 ( -2nyutina, 1954a, 1954b, 1965) it is now possible: 

a) to determine which particular Stock the nink« salmon belong to when laying 

down regulations for commercial fishinGfor  th n fluctuations in sizeof the 

sue,wnin migrations year by year differ for different stocks and the available 

numbers of each stock are largely independent; 
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fisheries and improvement measures in the rieht

for which the boundaries of the spawning _,-rounds of the

Amur pink salmon itself had to be defined and the preference of this salmon

for particular spawning rivers Y.rithin the Amur basin had to be established;

c) to state categorically that pink salmon feeding and growing off the

west coast of Japan (the ti°rest coast of Hokkaido Island) migrates to some extent

into the waters of the River Amur.

Besides studying the way in which the pink salmon stock fluctuates

and investigating, rrays of improving predicted catches of this fish, the

Amur Branch of TlîMO has also examined some purely practic:al problems directly

connected with measures for restoring the stocks of this valuable salmon.

The main purpose of measures to promote the reproduction of the pink

salmon, in Levanidov's opinion, is to obtain the largest number of downstream /114/

mi^;ÿ ants . This can be done in two :';ays :

1) by natural reproduction, which demands:

a) the laying down of fishing norms so as to allow sufficient salmon to

s-oawn (35-ç0 of the stock of pink salmon in even years);

b) ensuring the optimal concentration of salmon in the s-pawning grounds

(maximum use of the spav:ning facilities by the fish in order to secure more

complete preparation of the bed and to prevent excessive digging over of

redds in which eggs have already been laid);

c) protecting the fish during natural spawning;

2) by artificial breeding, which demands:

a) the construction of 25 fish hatcheries on rivers rrhich periodically

freeze up or whose spawning grounds have become disused because of human

activity in the nei;.jibolrhood;

b) releasing annually no fevier than 400-500 million youn,, salmon from

these hatcheries into the Amur basin.
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Levanidov points out the advan+ages and disadvantages of natural re-

production and artificial breeding of the pink salmon. 

An advantage of the first method is its comParative cheapness. However, 

the possibility of large-scale death of the eggs and young fish because of 

unfavourable climatic conditions cannot be ruled out, with consequent in-

stability of the state of the salmon stocks and unreliability of its catches. 

An advantage of the second method is that unfavourable climatic conditions 

during development can be overcome, with the result that stable stocks of pink 

salmon are ensured and the industry can count on catching from 30 000 to 35 000 

centners of pink salmon . annually. 	Because the pink salmon matures quickly 

(if returned to spawn in the second year of life) artificial breeding is an , 

effective method, for the stocks can be considerably increased within a short 

time. However, the small individual weight and the low fecundity of the pink 

salmon make the overhead costs of breeding this fish almoRt twice those incurred 

in breeding the summer chum, and considerable funds are required for building 

a large number of finh hatcheries. 

Levanidov sums up by saying that the pink salmon is a difficult fish for 

effective breeding and, on economic grounds, commercial pink salmon breeding 

alone cannot be justified, although combined breeding in hatcheries with the 

summer chum can be recommended. 

Abramov (1954) considered that at that time it was premature and unsound 

to build large fish hatcheries on the Amur until methods of obtaining mature 

spawning pink salmon in channels of the rivers had been found experimentally 

and standards for fish breeding had been established. Small fish hatcheries 

on rivers no loner available,  for spawning because of industrial development 

in certain districts may play a role of some importance in the replenishing 

of the salmon  stocks, although preference is given to the creation of artificial 
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spawning grounds (breeding in the :bed\, j combined with the obtaining of mature 

spawners in the river channels. 

The first fish hatchery for breeding summer species of salmon in the Amur 

basin  ':ras  built on the River Amsuni 80 km frein  its mouth, close to where it is 

joined •y the small mountain river, the Verkhnyaya Uda. 	The plan of this 

factory was unsound and for many years freguent technical alterations had to 

be carried out and the water supply from - the river had to be replaced by water 

from wells.  In 1965 the first pink salmon eggs were put clown  there for 

incubation. 

Wastage of eggs during.incubation and of the brood stock of pink salmon 

during keeping until attaining complete maturity was very great from year to 

year. Hbwever, the reason was evidently not merely faUlty techniques of 

keeping the spawners. It was stated as long ago as in 1956 that fisb of the 

second half of the spawning mi-,Tation are best used for this purpose, for many 

of these fish have a-well-marked breeding colour (and conseouently, they are 

more mature). However, so as not to run the risk of failing to put down the 

planned number of eggs for incubation, fish breeders at the Udinsk hatcheries 

take the very first fish arriving at the counting fence and keep them until 

they mature. As a result considerable wastage of spawners is observed. 

It is worth noting that in recent years pink salmon have mierated into 

the River Amur with ill-defined features of breeding colour. Silvery fish 

migrate in large numbers into the River AmFunt and even into the spawning 

River Sernya, where ponds are constructed every year for keeping spawners. 

This er-g collectinr: point, nearest to the Udinsk hatcheries, is not really 

suitable for fish-breeding purposes because most of the pink salmon and summer 

chum, 	their silvery colour and their still unripe sex products, are on 

their way to the hiL;ter sp:-.uuning tributaries of the 
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^^perience at the Udinsk factory has shown that breeding summer salmon,

especially i i nl_ salr:on, is a hic^hly coïiplex, expensive, and inefficient task.

'.:herea s in Sc iï-.rlU,lin, 7iilere the s72 7ninJ r1. ^:' ^"^S are shorter, artif iclal pink

sa1n'on breediai ^ has 'uee.l used e.^^tensively, -i n the I^r^ur basin it will probably

never succeed. In this connection-attention is directed to the new, improved,

and econo:lically more profitable i_zethods of salmon breedinû proposed by A.L.:^

Kol' 6aev and A.P. Ivanova (Kol' gaev and Ivanova, 1960; I^,ol' gaev, 1965) :

incubating ei,;zs and keepin,; salmon in the prelarval stage in gravel 5-,-ith

the use of basic co;pper carbonate as an antiseptic;

incubatin- the eggs and keeping salmon in the prelarval stage in field

appaxatus.

The buildings suitable for these suS•e,'ested methods are much simpler and

cheaper than those reauired for e xistinL^; fish hatcheries and the amount of

labour reouired in c2.ri n- for the -eF;s and prelarval salmon is reduced to the

minimum. 1-ore natural conditions are created for. the e-<,.Os and prelarvc.l salmon.

These proposed methods are at present underEoins .production trials.

l-:ong the measures aimed at increasing the pink salmon stock in the Amur

basin, an investi ^ation -ua s made by the _lr^urrybvod eYt)edition in the period

1952-1062 of nearly all the salmon spa:rnin.- rivers in the lorrer reaches of the

River Amir and Amur Sound to find out what imUrovement -uork is necessary.

The expedition found that in years when the water level is lot^r (1959) the pink

salmon cannot cross the silted mouths of the Rivers I^^,y, Vakkar, Bol'shaya and

i"ale^ya Pat'Kiia, T2?°akanoVka, Vaida, etc. J.:any log-jams and other obstructions

to the flow of r:ater r:ere found in the channels of these rivers and the expe-

dition considered that they were unsur,-^ountable obstacles for fish rising to

the S^ ^:.lLn;;; ToU.nds. ;S meaS ^reS of itil_^rovel?lent 1.t t^^c15 therefore 511,;-;PS'ted

that dre-rz.n,,, be c:).r.ried out at the mouths of these rivers to remove the
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obstructions and to provide a clear channel. 

'.ihereas measures aimed at enabling fish to migrate into the rivers (i.e., 

dredging at the mouth) are undoubtedly essential, the suggestion that the 

channel be cleared of all obstructions must be interpreted with great caution. 

'Je know from practical experience at mechanized improvement stations, for 

example, that hydrotechnical improvements in spawning rivers of the autumn 

chum can modify the natural conditions. 

After analysing the results of work carried out in the system of the 

River IChor, Levanidov (1969) concluded that the character and aims of improve-

ment work in salmon spawning rivers are problems which are still far from 

being solved, i.e., he reached  th P same conclusion as did Smirnov (1947) 

previously. Levanidov considers that, with the present level of our know-

ledge, it is difficult to stipulate a detadled biological basis for improve-

ment measures aimed at increasing the natural productivity of the spawning 

grounds, for the natural reproduction of the pink salmon has still received 

comparatively little study. 

The formation of log-lams and other obstructions in the  water course of 

rivers is a natural phenomenon which was also observed long aEo, when the 

salmon stocks were still very high. 	In all probability these obstructions, 

which will disappear in the course of time as a result of the action of the 

river current, are most probably not of decisive importance to the reproduc-

tion of the salmon. 

It will be evident from the above facts that the Amur  Branch of ram° 

has made considerable effort to study the problems connected with reproduction 

of the Amur rink salmon and to develop measures of increasing its stocks. 

Investigations  have  shown that for the state of the pink salmon stocks in the 

Amur basin to be stabilized the largest possible number of downstream mirants 
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must be obtained every year in the Amur basin as a result of the introduction 

of fishing norms, the protection of spawning, the optimal utilization of 

spawning grounds by the fish, the construction of many fish hatcheries, the 

catching of predatory fish during the downstream migration and of predatory 

mammals during the spawning migration., and the carrying out of very simple 

improvements (dredging the silted mouths of the spawning rivers). 

•. As a measure common to all the Amur salmon and aimed at obtaining an 

adequate rate of its survival in the ocean it is suggested that Japanese 

fishing be controlled and the zone covered by the fishing convention be exten-

ded to include the whole of the feeding area of the Asiatic stocks. Also, to 

ensure high efficiency of natural spawning of the Pacific salmon, rakollskii 

(1956) described in precise detail a series of tasks for the fisheries improve-

ment stations of Amurrybvnd. The main purpose of these tasks was to ensure 

passage of the spawners to the spawning grounds, successful spawning, a favour-

able outcome of incubation of the eggs and development of the young salmon in 

the bed, and also successful foraging of the young salmon in the rivers and 

their downstream migration to the sea. 

Let us examine how these numerous measures aimed at increasing the pink 

salmon population in the Amur basin have actually materialised. 

3. Measures Put Into Practide  and Their Results  

To maintain and restore the Amur pink salmon stocks belonging to the 

odd-year year-classes, fishing for this salmon was prohibited in 1925-1937, 

and this prohibition vins  strictly observed. 	Catches of pink salmon of the 

odd year-classes by the Amur fisheries fluctuated from 1915 to 1923 between 

150 000 and 060 000 fish, and they increased considerably (to 3 070 000 fish) 

only in 1539, i.e., after seven successive year-classes; the catches ar;ain fell 
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in 1.9-41 to 950 000 fish and they have continued at even louer levels in

subseauent years.

;i th the lifting of certain restrictions on îishirz; d,1sin- +:ertirje /117/

(19 [^1-1^^!.j) c^..nd also as a rt?sult of :infrinr ealentS of certain rules of fi S,1:Ln`;,

years was probably on areproduction of the salmon stocks in the follo:rin,!^-

less satisfactory basis. To ïmrrove the re;,roduction of the

weak pink sa.7.mon year-classes t'ieir f ishinr was pronibited in 1947, 1949 and

10951 in the -River, Sound and the Gulf of Sa.^,'7alin (report of

^murr--bvod on fisheries for 19,51), but this restriction of commercial ex^^1oi-

tation had no anpreciable effect.

The second depression of the Amur pink salmon population of the odd

year-classes began in 1953 and since 1955 -pink salmon fishinc,',, has been declared

closed, with a real and considerable limitation on the industry. Since the

Lime of the Drohibition the number of ;.-oun.; doWnst-rear.n miErant sa.l.mon from

rivers where counting is in operation has steaCily increased (Table 57), but

for four consecutive odd vear-classes the pink salmon stocks have re-

T: iained ver,,- low. Undoubtedly pink salmon fishing by the Japanese in the Sea

of Jwpan has had a detrimental effect. In 1963 the pink salmon population

was much increased, but in 1965 it as reduced a.gain (1-1able 56), despite the

unpreceder_tedly lar^ e dot.nstr eam migration (more than 70 million young salmon

from four rivers).

'"11_ereas the increase in the pink salmon catches in the Amur basin in 1939

cannot be attributed to the prohibition of commercial fishing, for with the

rell- ::^0 7n r^:;. icîity of *:'.a tL'Se.ticn of this species the results of the prohibi-

tion :-rould have been felt much sooner, the ap^.^e<!x^^nce of -a lwrL,^;e number of

pink s::lmon in the Amur basin in 1963 r;^^s definitely the result of the :reat

contraction of the Japanese so.lr:lon fishinz, activity in the ;âeLL of Japan in 1;'6;,
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another contributory factor was evidently a ch,-..n.,-,e in the cycle of nin1, salmon

c^^tches in l^rià:or'e (since 1065 large T?1^C^.t10Y1S of pink salrcon have been

r. est>._^^ed in odd years).

ïhe absence of correlation be E, cen the number of young dournstream_ migrant

pinlc salmon in even years and the return of the adult fish and the constantly

small am-bers of pin'l, salmon belon" in., tc odd year-cl.assesa,.e evidence of the

failure of prohibition of commercial fishing. This failure is probably

a,-Exzva.ted by the cliria.tic conditions of the 1950s-1960s, which were unfavour-

able for sLirviv^.1 of salmon in the sea, and also by the very intensive exploi-

tation by Japanese fishermen of the southern grou-os of Pacific saliion (to the

south of latitude 48 or; ), rrhere the Amur pink salmon also f oi-ar;es (I,otov, 10,57).

Prohibition of salmon fishing in even years Eave a comopletel^T different

effect. In the verv first spawning year-class after the prohibition there

was a considerable increase in the nimber of rYig-ratin5 fish in 1956, and in

1958 the pink salmon stocks were hi `.her s till. The success of prohibition

was assisted by the favourable hydro-meteorological conditions in the t;i.nters

of 1954/55 and 19:556/57. The ncxt ;-rinter (1958/59) .was very unfavourable for

the even year-classes of Dink salmon and, as a result, the rin'c salmon popula-

tion in 1960 fell consiAeiablly. The passage of a relatively large number of

adults to the s•oa^,nin.`; Erounds in the years of prohibition of commercial

fishing thus leads (other conditions being ecaual) to a-relatively larger

downstream mi-,ration of the youY•Y^ fish and, consenuently, to a lar^er return

of se-x.iallJ rature fish of the dominant year-classes of the '>mur pink salmon

only. The population of odd year-classes of the >>ink ss.lrnon, as rrac tical

expcrience of fishin^ prohibition has shown, has not been restored. =1o Liseful'

rurpose can thus bc scrvod by keepin_- the r.rohibition of pinl: s-.lnon fishirYg

in the :`,= basin in operation durinm odd ynaxs, yee-tr after year, r,ithout



- 193 - 

regard to the size of the downstream  migration of the young fish of the 

expected year-class unless this  migration  is less than the annual mean. 

7ikoliskii (1552) also considers that efforts to restore 

weak year-ciass of the pink salmon are Unlikely to be successful and that 	/118/ 

measures should be concentrated on increasing the combined size of two con-

secutive year-classes. 

• rethods of restricting the catching of fish (shortening the fence and 

pole, prohibition of mechanical devices for fishing and selecting fish from 

the pond), as carried out before the Revolution, were of no practical value' 

and, conseauently, were unsuccessful as control measures. 

Another measure also aimed at controlling fishing is the specification 

of the permitted catch. Attempts to establish norms for pink salmon fishing 

in the Amur basin were begun, as has already been stated, in the 1920s. The 

fishing Quota was essentially only a rough standard specifying only a relatively 

' probable limit of the permissible catch on -the  basis of calculation 

of approximate mean catches over several years, and this could•not guarante e .  

the stability of the fish stocks in a given stretch of water. Difficulty of 

establishing the fishing quota and the unsatisfactory nature of the norms 

adopted in 1923-1924 were attributed by Somov (1929) to the current instabi- 

lity of the industry and to the single spawning of the Pacific salmon, so that • 

the measure as a whole, in his opinion,  vins  "essentially a good idea, but very 

much hard work was required before it could be put into practice." 

Later, when the industry had become stabilized, planning and limitation 

of the pink salmon catch were carried out. 	In practice, however, this measure 

was almost completely unsuccessful. Having noted the considerable errors made 

by TIM° in 1940 and 1941 in their estimation of the pink salmon stocks (Table 

55), for mahy years, starting in 1943, the fishing industry planned its catch 
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as a rule without regard to the possible fluctuations in the numbers of 

individual year .-classes (Table 64), and the recommendations sueested by =no 

and its Amur  . ranch on the size of the catch were often disregarded. Fishery 

science, in turn, because of the lack of appropriate or sufficiently complete 

observations, could not always correctly evaluate the results for productivity 

of the pink salmon in the Amur basin or the possibility of making good the 

. Amur stock with particularly abundant year-classes of pink salmon from adjacent 

• districts. 

TAB12 64. Catches Planned by the Lower Amur Trust and Actual Catches of 
Pink Salmon in the Region of its Activity, thousands of centners 

. I roa 	1943 	1944: 1945 	1946 1947 1948 1949 	1950 	1951 1952 
2- II:lair 	18,7 	60,0 	30,0 	43,5 	— 	48,0 	8,2 	79,2 	15,0 34,8 5 Bb1410/3 	7,2 	. 39,2 	3,0 	43,7 	2,7 101,1. 	2,9 	8,3 	6,0 . 6,9 

KEY: (1) Year (2) Plan (3) Catch 

As Table 64 shows,  th  n planned . norms for the pink salmon catch were in 

most cases hizher than the actual catches; conducting the industry in this 

manner did great damage to the pink salmon stocks. Underestimation of the 

population of the sDauninC stocks in 1948, 1956, 1958 and 1963 prevented the 

industry from making maximum use of the available reserves, for a working 

basis of this kind had not been foreseen. 

This section on measures  vie have just examined is the most complex and 

the least completely studied because it is directly linked with the prediction 

of catches. 	The specification of norms, like prediction, was complicated by 

the recumption in 1952 of Japanese salmon fishing in the north-western part 

of the :acific Ocean. 	FeiseeV (1956a, 1956b) roints out that the racific 

salmon are more suscertiblo to the influence of natural factors because of 

their snecial biological features and he emphasized that the state of  thn 

stocks of thnse fish is largely derenden* on the number of fish mifyating 
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from the sea to spawn, end that in order to maintain and reproduce them at 	/119/ 

the reuired level measures aimed in the first place at limiting and controll-

ing sea fishing must be instituted. 	Kotov (1957), developing Eoiseevls 

arrument, noted that the coastal salmon fishine industry at the present time 

is difficult to regulate properly, because the effect of sea fishing on it

•  cannot always be determined accurately. 

Amon;'  measures of conservation in the Amur basin, pink salmon fishing is 

prohibited in spawning rivers, fences must be erected not less than a minimum 

distance (1.5 km) apart, trap nets must be not less than 2 km apart, and adult 

pink salmon must be protected during the-spawning.  migration in the rivers and 

at the spawning grounds. In recent years all necessary steps  have  been taken 

to increase the degree of protection: the number of fish protection inspectors .  

• has been increased, more fisheries protection boats are being sent to the con-

servation regions, and the efforts of the fisheries improvement stations are 

also being directed towards the protection of the salmon during spawning in 

scheduled waters. 

• Virtually no improvement measures have been undertaken ih the Amur basin, 

disregarding the miner  work done by the fisheries improvement stations to re-

move obstructions in some rivers. 	In recent years, because of the  

low abundance of the spawning stocks, the spawning grounds have been inade-

quately used, and even if the salmon stocks are increased several times there 

will still be more than enough spawning area for the brood stock. 

CONCLUSION 

For a long time, in conneCtion with increased solar activity and general 

chances in the earth's climate, the conditions of reproduction have been un-

favourable for the pink salmon of the Amur basin and this has led to a steady 
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decline in the population of this salmon. Commercial and subsistence fishing

for pink salmon, however, has been carried on on the same scale as before.

Large nur.ibers of ^wur pink salmon began to be removed in 1952 when the well

equipped Japanese salmon sea-fishinC^ industry restiuned its activities.

The almost complete absence of practical steps to maintain and increase

the stocks of pink salmon have led to depression of its population in certain

years (1949-15'55) •

The efforts of fisheries science have been directed towards the study of

the scientific basis of rational commercial pink salmon fishing in the :lmur

basin. However, the numerous recommendations on this matter have not yet

been put into practice. The Amurrybvod orL;anization has confined its efforts

to strengthening the protection of the fish during its spawning migration and

to prohibiting commercial fishing of the pink salmon ôi' odd year-classes, although

these measures, by themselves, cannot be effective. .

Since it is well-nigh impossible to change the natural (climatic) condi-

tions of incubation of the eggs and development of the young fish in the river

(the depth of the snow cover and the level of water in the r_ei^;hbourhood of

the redds), and since the construction of a network of fish hatcheries trould

involve considerable capital expenditure and cannot be justified at present

(neither methods of obtaining adult spal;rners nor normal standards for fish

breeding have not yet been developed for practical purposes), the following

steps must be taken in order to increase the pink salmon stocks in the Amur

basin:

1. ?e^z^ls.ti on of commercial pink salmon fishing must be placed on a

scientific basis.

2. The sirlnlest ir:lprovei:ient i:ies,sures must be carried out in the very

near future: dredJnÜ operations at the mouths of spa;aning rivers, especially
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the EY, Vakkar, Borshaya and ralaya Patkha, Tarakanovka and Baida. 

3. Collective fisheries must be oblIved to catch predatory fish 

(malma, Sakhalin char, lenok, whitefish, Amur ide, smelt) in the waters fished 

by them during the downstream migration of the Pacific salmon (from 15 ray to 

the end of June). 

4. The compulsory fishing for nuisance and valueless fish (the Amur 

ide, minnow, etc.) must be included in the plan of operations of fishery 

collectives, with a wage scale reared to the size of the catch. 

5. Hunting the beluga, a predatory mammal, to be organized during the 

spawning migration of the pink salmon in 	Amur Sound (June). Production 

of the necessary equipment for A.E. Kolizaevls method of salmon rearing, which 

is the cheapest, to be speeded up and the method to be used in regions where 

the pink salmon spawning grounds ree;ularly freeze up.. 

All the steps listed above are perfectly practicable and no comment,is 

necessary, except on item 1, which requires Special discussion. 

Regulation of commercial fishing involves a group of measures based on 

the prediction of the population of the spawning stocks. It will be clear 

from the material in this monograph that prediction is the most difficult part 

of the investigation. Its difficulty lies in the diversity and variability 

of the external environmental conditions that ultimately determine the sur- 

vival of individual pink salmon populations. In years particulnrly favourable 

for foraging, when the survival rate of the pink salmon in the sea is high, its 

migration into the Amur can be considerable on account of the Primorle stock, 

even thouph the rrevious downstream  migration of the ;Inur pink salmon stock 

was low. In other words, the Instinct forthe natal river is not always clearly 

exhibited by the rink salmon as a species. 	The lack of information at present 

on the relative abundances 	of the local pink salmon stocks in the Amur 

basin makes it difficult to predict the size of its spawning year-classes. The 

/120/ 
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Japanese sea  fishing industry has added a fresh complication to the problem 

of prediction, for wc .  can only forecast rou:hly tII degree of its effect on 

the rink salmon migrating into the Amur  basin to reproduce. For these rea- 

sons it is impossible to determine the future prospects for commercial salmon , 

fishing on the Amur with any deeree of accuracy. Some deviation to either 

side of the true catch has therefore to be accepted. 

Besides statistical information on catches the only other sources avail-

able to us at the present time when attempting to determine the siZe of the 

brood stock and the abundance of young fish are the data of the fisheries 

improvement stations on migration of the adults into the spawning rivers and 

the downstream migration of the  rouns salmon. These statistics, as I have 

mentioned earlier, have many defects. 	The eradication of these defects will 

lead to better rredictions of the pink salmon. rorulation'in'the Amur basin.' 

r9he following qteps must be taken: 

1. The network of fisheries improvement stations must be extended, in 

the first place to eirrht by openinos three stations on the Rivers Nizhnyaya Uda, 

7akkar and Chemi, and seasonal counting and observation points must be set up 

to count the adult salmon and 7oun7 downstream migrants in the :livers 

Nimclen, 2hilka and Kenzha (these points must operate durinc; the six months 

from April to September). 

2. The counting of salmon brood stock must be improved by installing 

fish countinz fences of the stationary type, to begin with in rivers where 

these fences C.2e reTularly broken by sudden and considerable rises of the 

water level (the basin or the River Ar.-trun'). 

The counting of the escapement of salmon through counting fences 

must be ohan. ,-e1 from a visuel to an autore_tic method. 

Fiures for ne number of s;2=ner:7; ;:uld do.:11qtrer_m rimants  in the 

ivr Tski  must  be nseJ with pro;it caution because this river is frequented 

-• • 
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by both the _'.mur and the C';:notsk stocks of r,inl^ salmon depending on thP size

of the run.

`;'ith the existing scale of fish counting commercial pink salmon fishing

i n the !:mur basin is permissible if the do;.•nstree,m migration of younJ fish

from five monitored rivers exceeds 100 million (the coefficient of return of

the pink salmon from young downstream migrants must be taken as for the

Amur stock). A downstream migration of 50 to 60 million signifies an average

level of replenishment of the pink salmon stocks and means that limited fishing

is permissible. The do-c!nStrea_r.n miaTati on must be reEarded as poor if fewer

than 50 million youn^,; fish are counted in the monitored rivers; in that case

only controlled fishing at two barriers in AT^_ur Sound is acceptable. In

every case the abundance of the Frimor'e. stock of pink salmon must be taken

into account.

A fundamental line of research for the 2.nu-r Branch of TITTRO in connection

with re-clenishment of the pink salmon stocks of the Amur basin is the study of

rrays of ir:proving natural reproduction of the pinh- salmon and the investigation

of this salmonof bioloEd.cal e,,-,-i neerinJ problems concexnecl ,7 -hh the breedino

by the cheapest and most accessible method in the bed- and in app--1-atus with

the use of antiseptics.

Clarification of the main elements of prediction -- the size of the dot7n-

strean migration of the young fish and commercial fishing for pink salmon in

the sea -- will enable more accurate predictions to be made of the numbers of

individual year-classes of this fish; the industry can then be re'stiilated on a

scientific basis, an essential preli çinaxy to the rational management of salmon

fishing on the Amur.
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TABLE 19. 	(Opposite page 37 of the Russian tezt) 
Content of Chemical Elements in the Scale of the Chum from Far 
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NOTE ON (PIE BIBLIOGRAPHY 

The Bibliography which follows is in three parts: 

PART A: Translation of the original pages of titles in Russian; 

PART B: The original pages of titles in Russian (pages 122-126); 

PART C: The original titles in English (page 126). 

Since the Russian alphabetical order differs from the English; the order 

of the authors in lists A and B is not identical. To facilitate cross reference 

between the two, the titles in list B are numbered in order and the corresponding 

nwnbers are to be found after each title in list A. 

Citations in the text are by author and year. A Russian author will 

therefore be found directly in list A and the number at the end of the title will 

give the appropriate entry in the original Russian Bibliography in Part B. 
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