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INTRODUCTION /3/

In the past the pink salmon of the Amur basin occupied an important place
in the salmon fishing industrj of the Soviet Far Kast. 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 iO% of the total pink salmonvcatch.of
Kamchatka, Sakhalin, the Okhotsk Fishing District and Primor'e (the Maritime _
Province).

The period of high pink salmon numbers was followed after
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 tota} 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

(m7 not exceed 2 % of the far-eastern catches of this species and only in particu-

larly plentiful years (1958), recurring in 1lO-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 published, but still more infor-
mation of different sorts still remains stored in the archives of the Pacific
Research Institute of Fisheries and Oceanography (TINRO) 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-




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 (Worthern Sakhalin) State Fishing Trusts; - data collected at the Dal'ryba
control stations from 1925 to 1941 and the fishery improvement stations of the
Amurrybvod organization from 1949 to 1965 as £egards 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 FariEast
for levels, water and air temperatures, thickness of the snow, direction and
force of the wind and fluctuations in tides. Biqlogical 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 TINRO, in which the author has parti-

cipated for many years.

/4/
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1. COMMERCIAL EXPLOITATION _ /5/
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 (0. keta kets) and the autumn chum (0. kete 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 1}i.S. Aleksin (1923), the statistics
of the Dal'rybvod organization and data of the Lower Amur and NorthernlSakhalin
TFisheries 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 zrea in this basin and the fisures for

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

all their deficienciesg, 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®. Even allowing

lThis 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 Udskil uezd
(UVda County).

2This district included the lower course of the River Arr from the
village of Kiselevo to its mouth, the continental shore of the Sound from
Baidukov Island to Cape Lazerev, the shore of the Tatarskii Proliv (Tatar
Straits) with De=Xastri Bay and the south-western coast of the Sea of Okhotsk
from Baidukov Island to the River Kol!'.
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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 indusiry.
Detailed information on the pre-Revolutionary period of the salmon fishing
industry is given by Kramarenko (1898), Alekseev (1905), Geineman (1911),
Trautshol'd (1912), Tikhenko (1915) and Lebedev (1916a, 1916b); their obser-

vations are described briefly in this section.

1. THE FRE-REVOLUTIONARY PERIOD . /6/
AND PERIOD OF THE CIVIL VAR ‘

A. The Period Before the First Torld liar (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,
aftef 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 canght in
Hikolaevsk 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. 'his
can be judged from the number of Japanese sailing vesselsvcarrying salmon from
Nikolaevsk Distwrict: 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,
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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 Priamur'e Depsrtment of Mational Resources
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
special fish-processing stations leased by the Treasury. From that time
the fishing industry in Wikolaevsk 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 eventﬁally 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 réason 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, according 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 lower reaches of the River Amur 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 /7/
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 pmur Sound and Exported to

Japan from 1902 to 1914, in Nillions of Fish (after Heineman,
1912; Pushkov, 1914; Lebedev, 1916)

2 o 3| - i 2| Buseseno
OuITO - Buipeacno JobwTo ]

TFoau aﬂgu:aue B $fnonuw Foau B JHMale B fnoHn
1902 4,80 0,36 1909 2,95 2,21
1903 213 0,32 1910 -~ . - 770 4,50
1906 564 0,07 1911 . 386 .25
1907 1,42 1,48 1912 . %ﬁ% ?gg

8 460 5,57 1913 AT - .

190 ) ° 1914 14,63 3.28

These 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 cabitalist 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 fimures given by Rusanov (1924a) the population of the town of Nikolaevsk
inerensed from 5,700 in 1898 to 15,000 in 1914, while the peasant population

¢ Ntkolaevsk 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 Var and three years later another five
had been added (Dobrovol'skii, 1923). As the population increased so also

did the scale of subsistence salmon {ishing.

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
catoh 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 {5 Amur Sound
fell shgrply for the fortunes of the market turned in favour of Russian capital.
In 1913 most of the fishing sectors in Nikolaevsk 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.Z). 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
Mikolaevsk District also began to fall after 1913. According to Lebedev
(1916a), for instance, purchases of pink salmon in the Amur in 1912 amounted
to 4.9 million fish, but to only 1 million fish in 1913.

Lkxploitation 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 % and, as Table % 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.

.

TABIE 2. Relative Quantities of Pink Salmon Prepared for the Home and
' Export Markets (after Tikhenko, 1915)

-

—

2. l « 3 R tom uncae, %
Bcero 3arotoe-

Foam e Ha pycekii na snopcknii 57
JICUO, THEF LT punok  “f PHIHOK
1510 : 316 ' 39 6l
1911 87 31 - 69
1912 ' 718 57 : 43
1913 . . 1039 - 57 - 43
1214 1812 &2 18

gey: (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 War Period and the Years of Japanese Intervention (1914—1922)

Genuine interest was not shown in the pink salmon as an object of commerce
until the period of the First World Var, when the demand for prepared fish
products increased enormously. The catch of this fish in Nikolaevsk District

in 1914-1918 reached 13 million fish or 140 000 centners in the even years

(mable 3).

3 "7¥e mean weight of a pink salmon here and later in Table 3 is taken as
s+l Lo dn even years and l.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 Amar 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 pink salmon from

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

After 16 09direct 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 industr; (Smirnov,
1947). The figures for the catches of pink salmon in Amur Sound after
1908 are therefore also poiﬁters to the state~of its stocks.

After 1914 poor catches of pink salmon in odd years beceme 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 pericd 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 Nikol%evsk District was completely independent
of the low prices of the Japanese market and the entire production of fish
from this district was disposed of in Russié.

The Russian fighing industry began to undergo modification also in its
organization. In 1916 the Zakupsbyt Cooperative Organization and the
Psentrosoyuz * 0ffice first appeared; through their agents these organizations
procecond Ly galmon for sale in the Far Dast and Siberia.  According to the

bulletin of’ the Roard of Control of Fisheries and the State Fishing Industry

* Central Union of Consumers' Societies - Transl.

/9/

/10/
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TABLE 3. Catches of Pink Salmon in the Amur Basin in the Period 1902-19401

2 AN HECKMC - '
I ANypCKHS IpOMLICAU l Laxa. }Mmi;{li I.lpos__ ! Bce r":) b
Fopw ) . g I o o ! 3] o
POIH, MIT. Tpic, W MU, WIT, THIC. {1 ] Mt m"r.‘ THC, §
1
2 ) s, —2\
}ggg Combined catches g:?g j»b
1504 ' . Yaonhl OOBej(HHSHD 3,46 38,1 .
1903 R T 2,24 328 .
14C6 . 5,61 62,0
<1507 1,35 18,9, 0,07 1,0 1,42 19,9
1908 4,57 50,3 0,03 0,3 4,60 50,6
1200 255 © 85,8 0.40 55 2,93 41,3
1910 750 . 87 020 20 7,70 84,7
1911 3,52 494 0,34 4,6 3,86 540
1912 6.71 730 - 0,32 £9 7,53 82.8 P
1913 7,21 104,6 0,26 3.0 7,47 10,6
1914 1440 . 1583 NK] 16" 14,53 156,0
B {135 0,86 120 0,13 1,8 v 099 13,§
‘1916 8,02 60,7 1,02 109 6,94 101.6
1917 . 052 - 73 0,04 0.5 0,58 7.8 ‘
1918 - - 13,20 1460 1.58 177 Y 1488 163.7
1919 0.39 5,5 0.03 0,4 0,42 59
1929 (EREN 13,0 0,10 1,0 12,00 1320
© 1991 . 019 2.6 0.01 0.2 6,20 , 2.3
1092 X a7\ 6.12 1,2 90 « 99,0
1693 013 1.8 601 - 0,1 0,14 iy
. ' 1994 10,95. 120,6 197 215 12,92 142,1
To192a — — — — — .
' . }955 14.64 161.3 2,51 27.3 1715 . 1836
- ' 1997 0.19 27 — — 0.19 27
Q _ 1928 . . 11,62 1281 6,92 68,1 17,84 196,2
R 14312 I — — — -— — —
1930 8.15 - 893 1.31 . 17.0 9.69 . 106.3
1924 024 TLA48 0,0} 0.1 0.35 4.9
1959 871 902 ° 1.87 20.7 10.08 10.9
1833 ¢.11 15 ¢42 * 59 0.53 7.4
- 1034 .75 63.3 3,61 39,7 9.36 1030
1035 0.23 39 0.2l 4.3° 0.59 82
19046 273 . .30l 2,33 23.5 503 S5
1957 0.43 6.3 1.19 16.7 1.64 23.0
1638 6.38 700 542 70,6 4178 122.6
1930 3.07 430 PRE] 354 5,50 774
1910 3,52 36,3 0.50 55 ‘3,82 . 420

1Catc:hess from 1902 to 1906 taken from Geineman (1911), from 1907 to 1922
from Aleksin (1923), from 192% to 1933 from the statistics of Dal'rybvod,
from 1934 to 1940 from the statistics of the lower Amur and Forth Sakhalin
Fisheries Trusts (from 1902 to 1933 for the Nikolaevsk Commercial District,
from 1934 to 1939 catches at the De-Kastri, Ayana, Kol' 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.

. BY; (1) Years (2) Amur fisherjies (3) Millions of fish (4) Thousands of

centners (5) Sakhalin fisheries (6) Total
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(1925, Yo. 9), by 1916 in the region of Tikolaevsk and above the use of
berriers was replaced almost everywhere by seining, and in the Sound only
eight of the original 16 barriers still remeined. The intensive development
of seining in the lower reaches of the River Amur and in Arur Sownd led
to the establishment of fisheries thefe by Russian capitalists.

The .Japanese intervention caused much damage to the Russian fishinag

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 (11'in, 1927) and many of the
villages with all their fishing equipment were 5urned.

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 paid for their hire (Xesakov, 1924). Tn 1922 in
Wikolaevsk District they occupied 85 of the 101 fishery sectors still working
(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 contimied no less intensively than
before:  the number of barriers was increased by the occupying Japanese to 31
(Ekonom. Zhizn' Dal'nego Vostoka, 1924, No. 1/15). The pink salmon catches,
which remained extremely small in 1919 and 1921 (on the average 300 000 fish,
or 4 000 ceﬁtners, were caught annually), were high in the even years -- not
less than 10 million fish or about 115 000 centners per anmum (Table 3).

The years of the First Yorld “ar and (ivil “far were thus characterized
by the hich intensification of pink salmon fishing on the Amur. During this

period, in the even years, the catches of pink salmon averaged about 45 ﬁ of
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the catches of the summer and auwbwan 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 miliion fish (about 7 000 centners) in odd

years.
2. THE SOVIET PERIOD

. A. The Period Before the Second World YJar (1923-1940)

ith the establishment of Soviet rule in the Tar Bastern Territory the

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

. over by the State. The fishery buildings, the equipment and the fishing fleet
remained in private hands 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 (I‘Iavozovéevr‘ov, 1927). Tempo:c;ary mgkeshift buildings were put
up quickly for processing the fish, The Japanese entrepreﬁeurs had lost their
dcoess to cormercial salmon fishing on the Amur. At the beginning of 1923% the
first state-owned fishing enterprise (Dal'gosrybprom) wes established.  For
the State to exert its influence on the fishing industry and also in order 1o
obtain funds, a joint-stock company was established by Dal'gosrybprom in con-
Junction with the "Lyuri'" Trading Company in four sectors of the lower reaches
of the River Amur (Andrianov, 1924).

In 1929 in NMikolaevsk Digtrict there were only 18 fishery sectors including
' those in - Amur Sound part of Sakhalin; the largest salmon fisheries in

this repion were entirely in the hands of State and cooperative organizations.
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Most of the salmon was salted for the Russian mafkét but some was exported in
the fresh-frozen form abroad (Red'ko, 1929).

Industrialization of the Far Bastern Territory, which began in 1929,
brought a new influx of population ?nto ﬁhe 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 Komsomol!sk, 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 193%9.

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

depots, located chiefly along the continental shore of Amur Sound gnd 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 Ul'chskoi
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 similax
in character to the preceding period (1914-1922), i.e., it was marked by high
catches of year-classedn even years and extremely low catches of year—classes
in odd years, except in 19%9, 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 feeding their

haulage dogs. Catches of pink salmon of odd year—classes with this limitation
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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 Amur and in Amur Sound, together with
the north-west coast of Sakhalin,the mean annual oﬁtoh 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 Amir summer and autumn chum, as
before was considerable: the mean annual catches in even years were (by

weight) about 38 % in the period 1923%-1932, i.e., more than one-third?.

B. The Period of the Second Torld Var (1941-1945) /12/
The Second Yorld var 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. TFrom the second half of
1241 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) sectorsi 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, vwhere it was almost the only method used, accounting for
95 % of the total catch of pink selmon in odd years, i.e., yedrs of poor catches.
The catches of pink salmon of 0dd year-classesiere at least as high as in the
19208-1930s, with a mean ammal value of 1.2 million fish (or 16 000 centners)

Toble 4). The catches of even year-classesof pink salmon, however, were

1a

Trom 195% to 1939, because of the absence of apopropriate 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, averaging about 6 million fish per annum (or
69 000 centners) for the Amur basin together with the north-west coast of
Sakhalin.

Tﬁe 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  yanpime.

C. The Post-War Period (1946-1965)

The post-war period in the pink salmon fishing industry on the Amur can
be divided into two stages. The first stage (1946-1952) is marked by high .
catches with -all forms -of -equipment which cculd be got ready for fishing,
although numerically speaking the amount of equipment was less than in 1941-
19441. The second stage, starting in 1953,is one of prohibition or limitation
of pink salmon fishing in odd years and also, as a rule,  some limitation of
the catch in even years. ‘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 Fronge; 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.

[P
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TABLE 4. Catches of Pink Salmon in the Amur Basin .in the Period 1941-1965%  /13/

2
[peaupaatan (hinue-Amypesoro pubrpeera™ T 7 o T i
| - e ekl el b Cenepo- v Toltal
. Marepuzonoe Pg,\::u;»:\’.\":'\pa- Beer | aanenuoe Bee .
. HOK'QPU.KI.)U sihue 1. H“'l N 1odepeise ueero
Foau 3" n\u\:o;)gx | FOIRENCKA Aviypy Laxaanita
we ul o tmed w e ol e 1wl 7 Dwald 7
THIC. 0| % lmr;. oW iTm‘(' u % 1 !H-u 4 wr TLIC. W
1941 128 99,2 0 01 08 1,60 12,9 051 . 66 1,51 195
1842 5uwa 775 17,2 225 68 7656 L3 124 809 890
1843 11,7 7356 4,2 864 104 15,9 024 "33 I, 192
1944 354 748 11,9 252 3.6 47,3 071 7 435 550
1945 45 529 40 471 0,7} 8,5 0,08 1.0 079 95 -
1846 89 63 174 0,7 B9 56,6 049 54 558 620
1947 45 523 41 7 081 0 8.6 013 L 07+ 104
1948 936 80,7 224 193 967 1160 . LLi- 125 1081 1255
3949 43 633 25 367 057 - 0.8 0,74 89 1,31 157
- 1950 80 65,0 36 310 083 1L6 G,06 09 089 125
.. 1951 6.7 4&8 (7.0 §5L2 1,05 13,7 0,71 93 1,76 .23,0
1952 6,7 930 05 . 70 04S 7,2 0,13 1,9 06! 9,1
1963 7,6 937 0,1 1,3 059 77 007 0,9 066 8,6
1954 LY 917 0,1 83 0,09 L2 015 23 0,24 35 -,
1955 3.3 1600 - - 021 3,3 005 07 026 4,0
1956 90 1000 —— — 0,04 9,0 143 200 2,07 29,0
1957 + 44 1009 — — 0,29 Lx 004 08 0,33 5,0
1958 60,0 857 10,0 M3 7,00 70,0 2,60 200 . 960 90,0
1958 57 160,0 © — — 0436 57 014 723 050 8,0
1966 228 715 91 285 245 1,9 0.14 7 259 336
1561 07 87,5 ™ 01 1X5 005 0,8 0,08 14 0,13 22 .
1862 4,1 788 LI 20,2 029 5,2 0,02 03 03l 5,8
1963 6b 95,6 03 44 (.38 0.5 0,05 L6 04V 8,3
1864 56° 975 0,12 25 .0.228 57 003 05 03" /2
1955 4,2 05,5 02 45 0262 4,47 Q240 25 0350°. 69°

KBY: (1) Years (2) Enterprises of the Lower Amur Fisheries Trust (3) Con-

tinental shore end 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

lBefore 1948 catches were converted from weight to numbers as in Table 3,
but from 1948 to 1965 the conversion was done allowing for the mean weight of
a pink salmon for each year separately.

. The following enterprises are engaged in fishing on the continental shore
of Amur Sound and lower reaches of the Amur: Baidakov Island, Puir, Ozerpakh,
Tneivakh, Chnyrrakh, N. Pronge, Dzhaore, and Cape Lazarev. Fish in the main
channel of the Amur are caught by employees of four fish factories situated in
OrelChlya, Tyr', Solontsy and liarinsk. The north-west coast of Sakhalin

includes catches obtained in Amr Sound . and landed at the fisheries ©OFf
the Rybnovsk Fisheries Combine and further south (in Tengi), and also the Lyugi
fishery-situated to the north of Amur Sound , in the Gulf of Sakhalin.

?Fishing pronibited (catches by test fishing equipment only)..

jFishing restricted.
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TABLE 5. Quantity of Salmon Fishing Bquipment and Catch of Pink Salmon by
the Tower Amur Trust in 1941-1944

Opyans noma” | ! 1001 l 19042 | 1943 { 1044
Hesoza crasnue - . 44 101 135 102

> 3aKWUe 3 _ 308 338 438 . 395
3ae3Ki N ’ 50 45 . 35 ’ 117
Junon, THE U g7 sl 74,3 18,9 48,4

KEY: (1) Fishing equipment (2) Trap nets (3) Drag seines (4) Barriers
(5) Catch, thousands of centners

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 million 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 0f upstream migrants in 1948.

The removal of relatively large numbers of fish from the reduced pink
salmon stocks of the 0dd yeap-classesdlong the migration routés 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 sitock to replenish
the reserves. Sipce 1953 fishing'for Amur pink salmon of odd vear-classes
has therefore been prohibited.

After 1952 Japanese sea fishing for salmon tegan ' 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
4OON, and pressure on the industry was particularly strong before 1958 (Kotov,
1957); later, however, it was limited by the Fishihg Convention which is now
in force. In 1953-1964 the mean catches of even year—classesOf pink sal%gn

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, 1956, .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-war period the mean annual catch of even year-classes of pink
salmon, despite considerable fluctustions in individual years (from 3 500 to

120 800 cenfners),has thus been about 38 000 centners or 3.2 million fish.
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/15/

IT. 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
stocks of the Amur was only just beginning, marked fluctuations or, to use tizlmon
modern term, periodicity, was found in the catches: in even years m§re pink
salmon were caught than in odd years (see Tables 1 and 3). Alternation of
weak and strong year-classes is also observed in the pink salmon
in other fishing districts than the Amur basin: Primor'e, 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 ifs two-year life cycle and have linked it
with the effects of environmental ¢onditions 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—cléss. Davidson (1934) and Semko (1939) attributed thesé 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 (1950) and
(aganovskii (1949) rejected any effect of commercial fishing and regarded the

cause of periodic fluctuations in the pink salmon population as environmental
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conditions not yet expleined. Nikol'skii (1952) suggested that sea and fresh-
water conditions have some effect on the gccurrence ©f 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 ir; the sea" and that "this type of population
dynamics could be formed only as an adaptation tg 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 sufported the theory of a biannua; life
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 successiveink salmon
populations in equal or approximately equal numbers," on account of which one /16/
year—class directly or‘indirectly limits the population of the other. This )
theory was later confirmed by Birman (1954).

Semko (1954) analysed the available fac£s and reached the opfosite 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 avéi1~
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. Nore 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
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 unilatersl 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 cycle 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—yearvcycle 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
19%5. In comsecutive years 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. Wikoltskii (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 reportedwhere the salmon migrations in consecutive

years were about equal in number. This happened .on the Amur in 1912-1913,
in 193%39-1940, for the five years from 1949 to 1953, in 1959-~1960 and in 1961-
1962, The fluctuations in the pink salmon population are thus varied in
character and sometimes they may be absent.

The most typical of all the examples given are the biannual fluctuations
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 oﬁe
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 biannuél 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 remains 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

11/
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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 vhen individual fish mature.

Which 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 yearvclassegFig. 1), despite the sharp
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
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year-classesexcept in 1963, as will be specially discussed below. For the
Amur pink salmon, unlike this species in other commercial fishing districts
of the Far Tast, a constant biannual cycle with no deviation from the alterna-
tiong of abundance of spawning migrations in even and odd years, is thus a

characteristic feature.
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/18/

IIT. THE SPAVNING 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 by Brazhnikov (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 Amgun!' station of the Amur Division of
TINRO.

The spawning afea of the pink salmon (Fig. 2) occupies 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 Amar Sound.

Before 1910-1912 the pink salmon settled in 1aré? 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 distance 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, lachtovaya and Gorin. After 1918 migration of the pink salmon into

the Rivers Gorin, Khal'bao and Yai almost completely ceased, and only a few
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pink salmon frequented the River Beshenayé. By 1921 comparatively small
migrations of pink salmon were also observed in the Rivers Yai, Machtovaya
and Salasu, tributaries of Lake Udyl!', and in the River Khilka. At the present
time the pink salmon is almost completely absent from the region of the upper-
most spavning grounds of the Amur -- in the Rivers Khungari, Gorin, Khal'bao
and Machtovaya. 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 Amar Sound: the Aksha, Kamoré, Charrakh, Naleo and Lyangrovaya.

The general diminutioﬁ in the stock of the Amur pink salmon caused by /19/
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 km 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
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Fig. 2. Spawning area of the pink salmon of the Amur basin: 1) densely
populated spewning 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 Khungari to reach the River Anyui

810 km from the mouth. In 1958 the pink salmon ascended the main channel of ‘ /20/
the River Amgun' for a distance of nearly 550 km, i.e., more than 100 km

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

Guginka, in which nobody had previously seen it.  However, this did hot

happen everywhere. 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 becguse 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 Individusal 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, Tymi and Chomi.

2. The rivers of the Amur estuary (from below upward) along fhe 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 Kemora and Lichi (near Wikolaevsk) and the River Ul, flowing into Lake
Orel', connected with the Amur by a channel; next, the Rivers Bichi, Bitki and
Pil'ds in the basin of Lake Udyl!, connected with the Amur by the Ukhtinskaya
channel, into which flows the River Uta, and much higher still, the Rivers
Limuri, Pisui, Khal'bzo and Gorin; tributaries on the right bank: the Rivers

Akshal, Khilka, Gera, and Krivaya and Pryamaya Kenzha, Ukil, Aiz, Bystraya,

lFlows into the Lake of the corresponding name.
2Flows into Lake Kizi.
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Beshenaya, Salasu, Ul'chi, Tuchanka (Kurgu vtoraya), llachtovaya (Tudur) and
Khungari.

4. The bagin of the River Amgun', which occupies a particularly important
place in the system of the spawning rivers. The River Amgun' 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 sgeveral 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.  TFrom below
upward they are arranged in the following ordeﬁ: Samnysa, Nigzhnyaya Uda,
Verkhnyaya Uda, lLyusa, Nizhnyaya Bal'za, Verkhnyaya Bal'za, Im, Nigzhnyaya Balda,

Verkhnyays Balda, Mizhnii Gorbylyak, Verkhnii Gorbylyak, Omel!din, Dimitin,

Vimelen, Wilan, Duki, DIgogna and Gerbi.  The River Gerbi joins the Amgun!
approximately 200 km from its mouth. Consequently, the pink salmon ascends

|

further along the Amgun' than élong the Amux,

Statistics obtained by the observer check points bf 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 /21/
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 spavming rivers
vas interrupted during the years of the Second World Var and since the post-
war perilod differed from the pre-wvar period in.the considerable contraction
of the pink sa2lmon 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 disadvantages of statistics for the number of pink salmon

entering the spawning rivers is the fact that more or less regular observations




- 31 -

have been made only in a few rivers (Xhuzy, My, Chomi, Naleo, Ul, Beshenaya,
Samnya and.Im), and elsevhere 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-
paratively regular observations were made on the principal spawning rivers of
the pink salmon and, knowing the approximate ratio between the pink salﬁon

numbers in adjacent rivers in the same year, it was easy to detect any
underestimate of the number of - Spawners,

Since Levanidov (1964a) 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 tﬁe 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§his was 1938, when
1 663 000 fish visited the principal rivers of Amur Sound (excluding the
Charrekh, where no observations were made, and the Uarke, which according to
I.I. Kuznetsov, 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 Lyangrovaya, Khuzy, My, Tymi 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 spawning 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-classesof the
even years (1934 and 193%6) the ratio between the numbers of the stocks in the
rivers of Amur Sound was rather different: T, 21, 51, 4 and 17; towards
the left shom of Amur Sound (River Lyangrovaya) and into the right-bank
river closest to the mouth of the Amur (River Khuzy) relatively fewer pink
salmon penetratéd because of increased migrations of the species into the
River My.

For the odd years in the period 1925-19%5 the number of pink salmon éf
these year—clasz;was very low, much higher in 1937, and iﬁ 1939 and 1941
unusually high for odd year—clésses As in the previous example, so also in
thisg case the relative imporitance 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
rivers of Amur Sound in 1925 were taken asAthe 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 year-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,
Iy and Chomi; moreover, the River Ify accounted on the average for about.35 ﬁ

of the spawning stocks of the pink salmon of Ammar Sound. The contribution

/22/
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of the other rivers was comparatively small, only 12-15 95 of the total number
of pink salmon entering the rivers of this region.

The relative numbers of pink salmon entering the rivers of Amar Sound
differed from year to year. The role of the River My in reproductionAof the
pink salmon was inversely proportional to the gpundance "~ of the spawning
stock entering the Sound; in odd years, especially years when the odd year-
classuswere présent in very large numbers, the iﬁportance 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- shomtributaries of Amur Sound
(the Lyangrovaya and also, evidently, the Charrakh) reached 8-10 % only in |
years of the largest spawning migrations and the figﬁre fell to 2 % 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 ﬁish with fluctuations in years of low and high
stocks between 16 000 and 2 606 000 fish.

Tn the past the pink salmon entered all rivers of the Amur Estua?y 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 aboutb
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. Humbers of Spawning Stocks of Pink Salmon in the Principal Rivers

of Amur Sound in 1925-1941 (thousands of fish)
| ! 2~ Pern
Poam | S sl L '
Janrpeeas Nysu ‘ M Toiug Homa Cyuua
i
Yertune ronws 9 .

1998 167 700 630 67 . 283 1667

1930 217 538 563 87 747 2174

1942 2350 6732 528 104 443 . 2606

. 1934 37 115 274 , 22 . of 837
1936 9 42 o0 5 19! 125

1938 170 4988 642 74 277 1661

1940 -, ECA 239 G651 . o6 408 1302

i\ Cpeance 137 400 503 59, . 324 1453
~ % 9 284 36,4 4,0 228 . 100

Heuyeruune ronu 10O

. 1925 0.3 4.0 8,0 0,6 29 15,8
1927 0,5 6.1 12 . .(),9 4.3 23,8

1929 . 1,2 8.3 O I 2,5 1.0 61,2
103! 1,8 232 45t 3.8 164 o

1933 t,1 174 227 2,1 9.3 TH2.R
1635 6,5 822 165 13.0 - 585! 3252

1937 5,5 61,5 {175 11,9 510 2765

1039 131 RN G675 51 &av 1207

1641 104 264 RARK I 41 - 2033 1035
\! (..f)(,dl\.\_ 25 - 824 189 . It lit 3544

" % 7.9 23,2 33,8 4, RIW 100

A T ———— . . : -. d
‘ b Yoeatiena ¢ Honpankoil a MCROYReT .-
AN : : h

O S

KEY: (1) Years (2) Rivers (3) Lyangrovaya (4) Khwei (5) My (6) Tymi
(7) Chomi (8) Total (9) Even years (10) 0dd years (11) Mean
(12) Augmented by a correction for incomplete counting

TABIE 7. Numbers: of Spawning Stocks of the Pink Salmon in the River
Naleo in 1925-1937 (1n thousands)
CL i
| Yernme romw - 1926 1928 1930 1932 1934 1936 Cpenutee %
2. Korpsuectso 137 300 184 207 30 3 159 97
2 Heyeruwe roast 1925 1927 1929 1931 1933 1935 1937 Cpeance i O
= Koatmectso \_1,5 10 1,5 54 1,0 21 2,7 49 3

' . C

KEY: (1) Even years (2) Number (3) 0dd years (4) Hean
In a third district, the sector from the town of Nikolaevsk to the mouth
' of the Amgun', even fewer pink salmon reproduced. Yost of them (80 55) entered

the largest river, the Ul, where after 1932, as in 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.

TABLE 8. Numbers - of Spawning Stocks of Pink Salmon in the River Ul
in 19%0-1941 (in thousands of fish)

| Yerwwe roxw 1930 1932 1954 1036 1038 1940 Cpemnce | %
2 Konuecteo 131 393 09 39 121 13 11,7 92
2 Heyetnnie romw 1931 1033 1933 1937 1939 1941 Coemuee o+ 9
5 :

— 8

Komuectno ol 002 1,2 02 41 05 1,0

K&Y: (1) BEven years (2) Number (3) 0dd years (4) Mean

The numbers of pink salmon entering the spawvning rivers of this district
were smellest 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.

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

Poun | 1026 1998 1030 1932 1034 1936 193& 1940
Dewenax - st %9 117 04 ©& 003 33 003
Xuaka 3 ¢ . 69 810 42 — — — — —
Rawwa oy c,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 roughly 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 (Teble 10). FHowever, 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.

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

2. YeTHwe roamn

1 Poxu '*"“m-'l';"‘*'_‘ .

, 192 11926 11930 1932 | 1031 ] 1936 | 19351 1910
Cammst D —  — e L (6 35 3d
Wt iy @ 87 9l 5l 63 . 22 3 . 86

) 5 Ueuetnme rofu

125 |07 e b 101} 1e:3 ] 105 | 1037 | 1o3e | 1041
Cavan 3 - = — = — 36 2 31 197
Ha gy 03 '— 063 — —- = 46 17 -

.

KEY: (1) Rivers (2) Even years (3) Samnya (4) Im (5) 0dd 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 érea 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 cése
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
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' rivers of the Istuary and the Amgun' are a 1little on the low side. For rivers
(:} of the Estuary this could be due to the large numbers of salmon caught in thé
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 Amgun' 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 Im 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 Schast'ya 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. TFor 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 salmoriwas vart of the Amur stock. With-
out going into this question of the stock to which the Iski pink salmon bhelongs
I shall nevertheless examine the importance of this river in a district wheve, /25/
. as will be shown below, the terriéories of the pink salmon of the Amur and Ses

of Okhotsk stocks are contiguous (Table 11).

TABIE 11. Numbers . of Spawning Stocks of Fink Salmon in the River Iski
: in 1930-1941 (in thousands of fish)
Yernpte roxet | 1930 1932 1934 1936 19338 1940
Koauuectso 2. 967 511 86 117 1000 - 30
Heuweritote roaw 2 1631 1933 1935 1937 1939 1941

Koumitueetso 2 1,3 38 . 135 349 516 - 727

. KEY: (1) Even years (2) Number (3) 0dd years
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The figures given in Table 11 do not illustrate the meaé pink salmon
popﬁlation 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—classe§howéd 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, Samnya, Im 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 perticularly 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 Seen 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 Amgun' have almost completely lost their
importance for spawning in odd years; theg;atio between the pink salmon popu-
lations in the principal rivers of the Améﬁn‘ basin has changed: the influx

of the salmon into the River Samnya has decreased by several times compared

A4
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with the River Im; +the ratio between the spawning stocks of the pink salmon
in the two principal regions -~ the rivers of Amur Sound . and the Amgun'
basin -- has changed considerably.

It would be technically incorrect to determine the mean pirk 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 Im, for example,
in 1952 and 1958 were in the ratio of 1l: 230, and in 1955 and 1963 in fhe ratio
of lﬁ 2 500. In Tables 12 and 13, therefore, these figures are given relative

to the 1¢vel of the salmon stocks.

TABIE 12. Numbers . of Spawning Stocks of the Pink Salmon of Even

Ye§x~ﬁlaé3es'1n 1950-1964 (in thousands of fish)

2. Pexu <
Toawt 3 it 5 [ 7 A
o l Mul i Va { Vst Camua | Deuterasn Cyrna
Huskan yncaeunocts
1950 158 0,6 . 26 24 0,1 208,7
fg52 - a7 0,6 17 3i 0,2 85,8
1954 268 13 163 78 3,4 5157
1980 T4 78 _ 7.5 42 93,5!
1062 50 0,3 0,1 07! 0,3 514!
- 1964 12,3 6,02 12 15 0,4 39,7
*Cperuee 10 99,9 1.8 43,51 26,0 1,8 L -
% 57,7 1,05 25,2! 15,0! 105 . 100
Bucoxas uncaennuocts !
1056 861 41 g2t 92218 R . 11
12358 s12 . 89 3949 5370 12 10212
Cpennce 1O 836 55 ! 2006! 3794 17 6703!
% 12,5 - 08 - . - 2ogb 56,8 0,3 160

KEY: (1) Years (2) Rivers (3) ¥y (4) U1 (5) Im (6) Samnya (7) Beshenaya
(8) Total (9) Small population (10) Mean (11) Lerge population

/26/
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The data in Tables 12 and 13 show that in years of very great abundance
of the spawning stocks (1956 and 1958) about 80 9 of the pink salmon were dis-
tributed among the tributaries of the Amgun' and only about 20 % in the rivers
of Amur Sound; at times of average stocks (1963) the Amgun' spawning

grounds were less densely populated: their contribution was about 45 % of the

s ac—— Sy~ A ————_r——_n
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TABLE 13. Numberns of Spawning Stocks of the Pink Salmon of 0dd
Year—Classesln 1949-1965 (in thousands of fish)
l 2. Pewn i
Foxul b iy 5 A
Mt 3 l ¥a E My Caniw Lexuehaa! yma,
Huskas .‘!HC.TICHHOCTL_ ‘7
1949 651 20 .65 S8 6,9 736.9
1951 236 - 0,4 20 13 0,2 329,68
1952 @ 2,02 4 24 - 0,03 10/,4
1955 13 0,1, 0,1 4,2 0,03 17,4}
1957 17 0,21 0,03 3.7 0,2 oL
. 1959 106 0,3 . - —_ 0,2 106,5!
1961 1t = - 0,05 {1,
19655 - 6,7 0,42 140 f.! 0,06 T 2192
‘Coeanee 10 jaypi 0,49" 39,9 18,91 0,21 —
% LAt 0,2t 19,1. 91t - 01 100.
Bucokas uucaeunocts i s
1963 325 0,06 250 160 0925 7763
% . 43,3 0,0 32,2 M5 - 0,0 - 1eo
! Yuer wenoanuil. ’
KBEY: (1) Years (2) Rivers (3) My (4) Ul (5) Im (6) Samnya (7) Beshenaya

§8) Total (9) Small population (10) Mean (11) Large population

12) Counting incomplete

pink salmon migrating into the Amur basinji in even years with small populations
of pink salmon the conitribution of the Amgun' spawning grounds Waé about 25 %
of the stock, whereas in odd years it was about 20 %. These figures confirm
once again that the distribution of the pink éalmon over the spawning area in
the Amur basin is directly dependent on the ,pyndance-of its vear—classes.
It would therefore be wrong to examine this problem with respect to even and
0odd year-classesf 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 calculationsl, the rélative importance of the individual
spavning areas in reproduction of the pink salmon in the Amur basin in the post- |

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

lThe contribution of the River My as a spawning ground in years of high
abundance was 36 ) of that of all rivers flov1ng into Amar Sound, 1n years
of average abundance of the stocks it was 45 ¢ and in poor years 52 § cls  the
contributions of the Rivers Samnya and Im compared with the total for the
rivers of the Ambun' basin was 50, 65 and 80 §,re pecltively.
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TABLE 14. Distribution of the Pink Salmon Over the Spawning Ares in the Amur
Basin in the Period 1949-1965 (in %) :

N 57 ¥Ypouseub 3auacon ropsvun
Paftounu | UL A i : _
guicokuit (e ‘ cpcmmu'ﬂ miakni §°
Poxn amvana Amypa o , : R 51 78
Vexn actyapust n npuroku Auypa 9 ) 5 o4 9
Baccein p. Amryrs &b . ) 75 R & ' 20
KEY: (1) Districts (2) Rivers of . Amur Sound (3) Rivers of the Estuary

and tributeries of the Amur (4) Basin of the River Amgun' (5) Level
of the pink salmon stocks (6) High (7) Average (8) Low

21/

@

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
entéred the River My; in the subsequent period, in years of small and also
of comparatively large populations, the number of pink salmon entering the
River»My averaged only 42 %. It is interesting to note that in the pre-war

: s
period the contribution of the River My as a spawning ground was 69 % 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 has thus taken place. Compared 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 ah 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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salmon populations for even and odd years in the River Iski, because of the

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

TABLE 15. L'ean Annual Catch of Pink SalmonAon the Morth-‘fest Coast of the
Sea of Okhotsk and in the Amur Basin (in thousands of fish)

) | ' o n & ST
Mecra aoma ] 19291036 1039—1451 -
- . R |} .
: . .. | wetunie |neverypiel werie | HCUETHDLI®
- - . . gx‘ 7 (& ;L_
Oxorexmit puiBonpembicnoniil pafton (yaon na 2. ‘ S
-1 weson) : 30 . 12 - 26
P. Hckn (uponyck pui6 uepes KGHTPOALHO- T . e
. yuerilee sacpadileting) > 435 | 47 21 337
Bacceiin Avyna L .
a) oSt yion 8540 480 - 5166 1850
6) ynus ABYN RONTPOILHLIX 3A03AKOR b

JIMane . - . 354 &6
KEY: (1) Site of catch (2) Okhotsk Fisheries District (catch per seine)
3) River Iski (fish passing through counting fence) (4) Amur basin:
e) total catch b) catch at two counting barriers in Amur Sound
(5) Years (6) Even (7) 0dd

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—classés,

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

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

TABLE 16. Numhers of Spawning Stocks of the Pink Salmon in the River /28/
Tski in 1949-196% (in thousands of fish)
YeTriie Fofl ! 195 1942 1954 556 tos8 1960 - 1952 1964
Koanteerro = P 78 . 333 12440 1314 - 31 16 14
Heuernue roaut 2 1946 1931 1933 1955 1957 1959 1961 1963
Komimeereo > 275 231 41 24 32 T 23 959-

1 "

b Veer nicoocanni e

wY: (1) Even years (2) Wumber (3) 0dd years (4) Counting incomplete
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Fig. 3. Tumber 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

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 for a quarter of a century. TFailure of the fish to arrive year after

year has resulted in the spoiling of many spawning grounds: fthey have become packed
hard because of the deposition of small and very small particles of soil

anong the pebbles.

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

wvhich 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 spawvning and
breed¢ing waters by 'fertilizing"of them with salmon dying after spawnine." The
improved soil structure in ﬁreeding grounds of the autumn chum, for example,
after théy have been dug over by salmon, persistis for two or three years. As
Levanidoy emphasizes, overfilling the spawning grounds with brood stock doesA

not lead to any decrease in the mumber of progeny (compared with other vear-
. classesyit 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 étocks. Optimal filling
of fhe spawning grounds for pink salmon of the Amur basin has been determined
as 18-20 million fish. Since the intensity of commercial explditgtion 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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/30/

Iv. LOCAL STOCKS

1. History

The first indication that pink salmon belonging to different stocks were
being caught off the continental shore of the Tatar Straits and Anar Sound
was given by Rubin (1931). He considered that differences in the character
of small and abundant Year—CiaSS&mnd in the size and weight of the piﬂk 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

Schast'ya Bay, to the north of Amur Sound, into which the River Iski flows.

In 19%2, as a result of morphometric investigations of pink salmon caught

in the 1owe: 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 ~-

Oncorhynchus gorbuscha natio amarensis nova.
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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 TINRO on the River Iski to study the causes of fluctuations in
the stocks of Amur salmon.

Yhen distinguishing between the stocks of Amur and Vest Kamchatka pink
salmon I.F. Pravdin did not rule out the possibility of the existence of
smaller, independent local stocks within each of these main forms. N.V.
Milovidovg—Dubrovskaya in 1933 compared the pink salmon of Primor'e (the
laritime Province; River Tumnin) and the Amur pink salmon (after Pravdin)
cavght in Amur Sound (Cape lazarev, Rivers Chomi and My) 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 il necessary to determine the
boundaries of the spawning area of the Amur pink salmon and whether this
species is aftracted to particular spavning rivefs 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.
Lecording to the records of Amurrybved, for instance, I.I. Kuznetsov regarded

the pink salmon in the Rivers Iski and Chomi as belonging to different stocks,

/31/
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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 thé 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 FPrimor'e. He therefore suggested
that the activities of the fishing enterprises of Cape Lazarev and De-Kastri
are based largely on pink salmon of the Primor'e stock and that this fish
frequents the rivers of the southern part of Amar Sound -- the Chomi and Hy.

The hypothesis that Primor'e 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 thug suggested that piﬂk 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 Amgun') with the pink saimon from the south-western part of

Amur Sound (River My, Capes Uarke and Lazarev), the Tatar Straits (De-
Kastri Bay), Primor'e (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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Pink salmon from the above-mentioned rivers and fishing districts were
compared with respectvto Tish of the same size, 45-46 cm long and usually
aged 1+. Since even in the absence of breeding colour considerable sexuval
dimorphism was found in the pink saimon, only silvery coloured females, found
in the spawning rivers at the beginning of the spaiming migration, were used.
Tn 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.

- Peatures 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 7T x 5, using an OCular—ﬁicrometer. 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 /32/
samples of eggs weighing 20 g. |

The condition factor was determined by Fulton's formula, slightly modified:
Q - q) x 100
17

of the fish as being too variable. The distinguishing feature of the method,

K = (

, where the weight of the gonads was excluded from the weight

enabling definite similarity or difference to be discovered between the pink
salmon of the named rivers and fishing districits, was the choice of a homogeneous
material excluding the influence of variation due to sex, size, breeding activity,

and age.

3. Factual Material
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A.  lorphometry

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 morphblogically similar to the
pink salmon of the south-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 compared 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 comparad
with the pink salmon of the River Iski (Table 17).

The mean values of the meristic 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. Vhen looking for local differences I disregarded
these features, for they are known to vary considerably year by year even in
fish from the same river (Pritchard, 1945; Enyutina, 1955).

The investigations showed (Table 17) that the pink salmon of the south-
western part of Amur Sound and of Primorte differ in only one feature --
the pectoventral distance (the anterior part of the abdomen), which is very
variable within the limits of ﬁhe 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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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 Amgun' pink salmon.
It has a wider upper jaw, a greater antedorsal distance, aﬁd 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 caundal 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 Miloviaova—Dubrovskaya
(1937) at that time found 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 Armr 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 Schast'ya Bay.

/35/
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. Analysis of the morphological features of the pink salmon of the River
(:) Amgun', 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 finf The absolute and relative
values of these features of the Amgun' 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 sligﬁtly.
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 Amgun' 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 saimon entering the rivers of the south-western part
of Amur Sound and the River Iski travels only & short distance to its
spawning grounds bhecause of the shortness of its headwaters. Naturally,
therefore, the more powerfﬁl caudal peduncle and caudal fin and, as will be
shown below, the high level of nut;ition of the Amgun' pink.salmon are well
coordinated with its longer spawning migrations in the river.

The high depth/length ratio of the bo@y 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 spawning migration. The mountainous character of the
Rivers Iski and Ky and, consequently, the faster flow of the rivers, have led

to different hydrodynamic qualities of the pink salmon in these rivers: the

o®

streamlined, cylindrical shape of the body. Despite the geographical separa-
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tion of the pink salmon in the Rivers Iski and Iy, the similar conditions (the
mountainous character of the rivers) in their spawning 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. Biological Indices

The sex vratio in the Amgun' pink salmon as a rule reflects some predomin-
ance of females (Table 18); in some years (1954) the number of femasles 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 My 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 My (Table 18).

/%6/

TABLE 18. Size and Sex Ratio of Pink Salmon from Different Rivers
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On the average, therefore, the ratio between the numbers of males to

females for the Amgun' pink salmon was 47: 53, compared with 56: 44 and 55: 45
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respectively for pink salmon from the Rivers Iski and My.
The material in Table 18 shows that as a rule smaller pink salmon migrate

into the River Amgun' than into the Rivers My and Iskil. The smaller linear

dimensions of the Amgun' 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 My, 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). -
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Fig. 4. Ratio between length and weight of pink salmon (excluding weight of
gonads): 1) River Amgun', 2) River Iski, 3) River Hy.

Key: 1) Veight, g 2) Length AC, cm.

According to the figures for 1950-195% the Iski salmon grew fastest in
the first year of life (30.5 cm) and the Amgun' salmon (27.5 om) the slowest.
In the second year of life the Amgun' and Iski salmon grew almost equally, on
the average by 19.0 cm, whereas the salmon from the River My 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

1 . . . . . .
As an exception, the salmon migrating into the River Iski were not larger

than those migrating into the River Amgun' only in 1954.
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clearly reflected in the scale gtructure: within the first check they have
the same number of sclerites but the width is different; in the growth during
the seéond year, on the other hand, although the width of the sclerites is
comparatively uniform their number differs.

It might naturally be supposed-that thig 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. 1In /31/

fact, the opposite picture is observed: in the pink salmon of the River Ny

" 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 agcertain the sgpecific features of scale structure of the pink salmon
from the fishing districts examined previously and from the area of Cape
Dzhaore (on the right shore of Amvr 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 (expresse@ as Mﬁiff> found between the pink
salmon of the River Amgun', on the. one hand, and that caught in the region
of De«Kastri, Cape Lazarev and Cape Uarke and in the River Ify, on the other /58/
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 Armur Sound but a greater growth
of the latter zone as a result of the larger number of sclerites forming it.

The salmon caught neer Cape Dzhaore occupy the special and, apparently, inter-
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mediate position for these features. To judge from mdiff’ 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 ify and it clearly differs in this feature from the

salmon migrating into the River Amgun'.

PABLE 19. Differences in Growth and Scale Structure of Pink Salmon of the
Same Size from Different Fishing Districts, 1952
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(15) River Iiy (16) Cape Dzhaore (17) River Amgun'
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| 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 '"Vinter" 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 siructure (Inyutina, 1963) 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 materiagl 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, Pertility and Condition of Pink Salmon of the Same Size Caught in

Different Regions
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M. Vanke 5 1248 } 1348 275 , 113 0,01 65
P My 1357 | 6 |

- P Awryun 7 CIs13 404 . T137 0.02 25
P. Hexknt g, 1486 475 1,04 0,02 - 25

-KEY: (1) Regions (2) Datta Creek EB) De-Kastri Bay (4) Cape Lazarev

(5) Cape Uarke (6) River My (7) River Amgun' (8) River Iski
(9) Fertility (10) Condition factor (11) Wumber of fish

Consequently, these biological:features also reveal differences between
the pink salmon of Schast'ya Bay, the main channel of the River Amur and the
gsouth~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-

T

ductive capacity of the species, was much higher (42) on the averace for the

pink salmon from the River Ly than for that from the Amux (36).
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C. Tluctuations of the Population

According to the statistics of Amurrybvod in odd years on the average
% times more pink salmon penetrated into the River My than in even years.
Near Cape Lagzarev, as in De-Xastri 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 fhe Tatar Straits; +the opposite

picture was observed, however, in the Amur (Table 21).

/39/

TABIE 21, Nean Annual Catch of Pink Salmon in Adjacent Fishery Districts
(thousands of fish)

Fopagwu ¥

- A [lepuo uadnio-
Mecrta nosa DA "
! netmt ~z llemmec” nevetwe (&

Baccein “Anypa (6es M. Jlazapesa) ‘& 1840—1953 4920 810 ~
-Cepepnioe Ilpnvopse 3 » 1014 2930
JHe-Kacvpi (2 : o <o 221 307

M. Jlazapena 57 » A 120

P. Mu (nponycx uepes KONTPOJIbLIIO- - . -

© yuerHoe sarpamienue) (o 1949—1933 - 98 346

KEY: (1) Place of catch (2) Amur basin (without Cape lazarev) (3) North
Primor'e (4) DeXastri (5) Cape lazarev (6) River My (passing through
counting fence) (7) Period of observations (8) Years (9) Even (10)
odd

o®

Very characteristically the largest pink salmon catches in the period
1945-1953 were observed in the Tatar Strai%s (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 Tig. 5 also show the similarity between the fluctuatioﬁs

in catches of pink salmon in the Sea of Japan and fluctuations in its population

in the River y.
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Catches of Pink Salmon in Primor'e and Number of Spavmers MNigrating
into the River liy

TABIE 22.

F o a1 wu 5

Pafionm { ;
1949 1930]1951)1959]1053" 195411955 1956} 1957] 19581 1030] 1960
Tprmopse 2 - ! . .
I'rur 'rmm\ 32 12 27 1,2 0,3 1,7 0,2 4,5 1,0 34 22 1,3
P, *Mut :

(roic. tim) > (651 158 296 57 91 268 13 851 170 812 105 74

! 'Vuer nenoansl. W

KEY: (1) Districts (2) Primor'e (thousands of tons) (3) River Wy (thousands
of fish) (4) Counting incomplete (5) Years

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

pink salmon in the Amur still remained high in even years and low in odd years

(Table 15).
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Fig. 5.' Catches of pink salmon in Primor'e and Number of spawners migrating
into the River ¥y: 1) Primor'e, 2) River ¥y.

Key: (1) Primor'e, thousands of tons (2) River My, thousands of fish

To 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.

Tass 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 uswally 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 chﬁm 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 o0dd 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 leftvshore-
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 particuler, Schast'ya Bay. | /41/

To determine to which stock the pink salmon of the north-western part of

Amur Sound (Rybnovsk District).belongs, in 1959 I compered it with the pink
salmon from the Wevel'sk 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 (Mﬁiff

The difference in scale structure was expressed as a much smaller number of

= 7.7) and in the structure of the scale.

sclerites in the "Fingerlings" of the Rybnovsk pink salmon (15.65 ¥ 0.17
compared with 17.12 t 0.16), and a greater increase in length of the scale in

the second year of life (20.34 b 0.25 compared with 17.92 I 0.21) than in the
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Primoxr'e salmon. Tn other words, the Rybnovsk salmon, although attaining
the same size as bthe Primor'e in the period of its spawning migration, lagged

behind it in growth in the first year of life but grew more rapidly later.
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Pig. 6. Distribution of local pink 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 Amgun' (2) River Amur (3) River Tumnin (4) River Iski

(5% River Khuzi (6) River Xy (7) River Chomi (8) Gulf of Sakhalin

29 Amur Sound (10) De-Kastri Bay (11) Tatar Straits (12) Datta Creek
13) Sakhalin Island (14) Sea of Okhotsk

T+ can be stated on the basis of the facts described in this chapter that

pink salmon of the Frimor'e stock migrates into Arur Sound from the south,

from the Sea of Japan, and is distributed among the spawning rivers of the
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south-vestern part of the Sound from Cape Lazarev to the River liy, and some of
these fish probably also enter the Amur, Qhere 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 étook
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-classesis distributed in the largest of the spawning tribu-
taries of the Amur basin -- the River Amgun'. The necessary information
regarding the spawning routes o£ this stock has not yet been obtained.

At the beginning of the spawning run a certain proportion of the Primor'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.  SPAYNING MIGRATIONS

1. Tigration 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 Ckhotsk; according to the second (Shmidt, 1905, 19503
Navozov-Lavrov, 1927; Derzhavin, 193%; Wilovidova~Dubrovskaya, 1937; Sato,
19%83 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 Sﬁund
and the catches of this species follow the same cycle in the River Amur and
along the north-west coast of Sakﬁalin; 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 Amux.

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
Xorea.

Before 1961 the fisheries of De-Kastri and Cape lazarev caught many pink
salmonl. 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

1o ‘v . . .
Since 1961 no fishing for pink salmon has been carried on in these
regions.

0@
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cannot be ruled out that this small proportion of the fish had changed its
principal direction of movement (from south fo north) because of a change in
the direction of the tide.

Higrations 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 Frimor'e, the Tatar Straits and Amur Sound. According to the ob-
servations of MMilovidova-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 caitches 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 Lazarevl.

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 Sskhalin in the region of Nevel'sk-Chekhov begins on
5-10 June, whereas further north the spawning migrations toward the coast are
10-15 days later. Comparison of all the facfs (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 gimilarity) thus suggests
that most of the pink salmon enter the waters of Amur Sound from the Tatar
Straits through the Nevel!sk Straits.

Observations by Isida and Kiyaguchi (1959) show that the pink salmon of

1The beginning of the run of the pink salmon was established at the
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 watér temperatures. The hydro-
meteorological features of - Amur Sound and the growth patterns of the Amur
and Primor'e 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 not 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 /a4/
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 diffiocult to say definitely from where the pink salmon comes

into this region. This will be clear from the example of 1959 (Table 25).
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TABIE 2%. Distribution of Pink Salmon Catches in Different Parts of the
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Rybnovek District as Percentages of the Total Catch for Five- !
Day Periods, 1959
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KEY: (1) Place of catch (from south to north) (2) Krivoi Rog (3) Wos. 3 and
40 fish factories (4) Zotovskaya Banka (5) Iuz'ma (6) Total catch,
centners (7) Five-aay periods (8) Hardly any pink salmon caught because
of severe gales (9) June (10) Total (11) July

TABIE 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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¥BY: (1) Place of Catch (2) Rybnovsk District (3) Aleevka Village (4) June
(5) July (6) August (7) Total (8) Centners (9) Fish

After the sharp decline in pink salmon catches in the period from 6 to 15
July taking place in all parts of amur Sound, in Rybnovsk District unlike
all the others a fresh and considerable increase wvas observed in the fourth

five-day period, followed by a smaller increase in the sixth five-day period




o®

- 69 -

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 catech on 17 July (399 centners)
was not the largest daily catch in Rybnovsk Distriect 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 Muz'ma, 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 cleaily the movement of the pink salmon
from.south to north along the Sakhalin shore of. Amar Sound. The appear-
ance of the pink salmon at the end of the fishing season in the region of the
Muz'ma 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 ceséation 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, 19%8), or whether some of the pink salmon stock approaches the north-west
coast of Sakhalin at the end of July from the north, from the Sea of Okhotsk
(the point of view of Birmen, 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
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it enters from the Sea of Japan. The latter, continuing its migration in
the main South Channel, near Cape Dzhaore reaches the continental shore and
then moves along it toward the mouth of the shallow coastal chénnels, when it
enters the Meronovsk Channel, also along the left shoreof 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 riéht shore 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—classes were 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 shores of 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 iqstance, catches at the Chardbakh and
Aleevka control barriers were in the ratio of 1: 2.3 in 1957, 1: 10 in 1961,

and 1l: 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 lay. 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. Digtribution of Pink Salmon Catches Among Fisheries of the Right and Leftshores of the
Amur Sound in 1934-1950

N i 2 T o - : . . - n
Beper *| Hpeanpnatna , Vaos > | 1934 ) 1935 t 1936 } 1937; 1938 i1939- 1948 ‘ 1941 ‘ 1942 ! 1913 I-IQM l 1945 l 1946 | 1947 | 1948 | 1949 | 1950+
i D5 i« U I

Z Ipasuit ,’le-'ll(ecrpu 5 e, 1 22,4 56 24 27 27,7 102 2,7 123 518 136 285 68 286 57 498 40  65°
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rEY: (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

1The catches of this fishery are included in those of the right-shor fisheries of Amur
Sound.
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TARIR 26. Times of the Pink Salmon Run in the Region of Cape Pronge and Numbers of its
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500 000 fish (9) Under 100 000 fish (10) Date of appearance of first individvals

catch (12) Beginning of run

(13) Mess migration (14) end of run

end of run (16) Duration of mass migration (in days)

(from data of control nets) (11) Date when fish were caught, in per cent of total

(15) Date of

lData incomplete; with correction for restriction on catching they were about

2 million fish.
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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. Individugls of the last spawning migra-
tions likewise are not csught because their exploitation is unprefitable.

Then 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
T 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 sinéle specimens found scat-
tered at intervals can be caught at the eﬂd 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 Anur
Sound can be seen more clearly still from the same statistics presented in

Table 27.

/41/

Regular chanzges 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 migration, within the
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limits of which from 25 to T5 ﬁ»of the total catch for the season may be found.,
However, a marked difference in the times of the spavning migration is observed /48/
for year—-classesvyhich differ sharply in their numbers. This difference, both
in the times of appearance of the first runs and in the beginning and climex of
the mass migration, averages 10 days and becomes greater still (up to 17 days)
at the end of the mass migration. VWhereas in small stocks of pink salmon the
bulk of the fish enters the Sound in the last 10 days of Juné, 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.

TABIE 27. Catches of Pink Salmon at the Aleevka Control Barrier in Ten-Day
Periods in Per Cent of the Total Catech of this Salmon for the

Season
| romu i . How Hb Z | - fioan 3. ’ Arcver o
Lol o ban D ] w Twm
1957  — 60,2 3,2 . 80 05 .
1958 — —_ 21,7 342 28 1865 08
1959 | —- 29,1 342 3.2 2,3 02—
1960  — =~ =3 813 164, L6 04
1961 1.7 19,3 62,6 8,9 30 - 34 - 06
1962 won® 103 450 423 24 . — D
1963 - 31,8 49,3 15,6 15 09 " -09
1964 ol . 315 63,6 39 - 08 . emm . —
1965 emum. 11,0 53.4 283 10 . 35 0,8

KEY: (1) Years (2) June (3) July (4) August (5) Single

The same rule was observed some years ago for the pink salmon of south-
east Alaska (Tovidson and Vaughan, 1939) and they explained it by the rate of
grovth of the salmon during its stay in the ocean: small stocks under favour-
able feeding condivions rrow well, mature more rapidly, and start their spawning

nicration sooner: abundant stocks crow comparatively move 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 wyear-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). Consequenfly,
the time of the spawning migration of the pink salmon in fresh water is deter-
mined not only by the abundance of its year-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.-

%+  Hydro-leteorological Conditions
Accompanying the Spawning igration

A.  Temperature
It was hitherto considered that the opening of the ice in . Amar Sound

is one factor determining the times of migration of the pink salmon into fresh

water (Table 28).

/49/

Although the data in this table apparently confirm the relationship between

these two phenomena mentioned above, they cannot be regarded as sufficiently
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vell established: instead of the beginning of the spawning migration of the
pink salmon the beginning 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.

TABIE 28. Time of Breaking of the Ice Around Baidukov Island and Beginning

of Pink Salmon Fishing in Amur Sound
Iokasatesn | - _ F o ,'1 © .
) 1989 | 1041 | 1e2 | 1947
Hara sexputna asna 2 30V - : -
: Hzll_llla:m Jo2a w paitope: > o . 4"25/\ : RAL .QNI
yip (aesunt Geper) L I5/V1 vy T 16/
Hunaree Ipoure (upaswi ’ : [./\ I.' 18Vl lb/.\ b
- Geper) | 5 13/Vi 10/V1 0V 7V

KeY: (1) Events (2) Date of breaking of ice (%) Beginning of fishing in
district: (4) Puir (leftghore) (5) Wizhnee 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

o @

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 clearaence 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 1400, -- but usually at a mean
water temperature of about 12°¢. Individual small shoals are observed to
come in at the same temperature, merking 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 15-1800, whereas on the west coast of
Kamchatka, according to Susumo Sugano, the main run is observed at a tempera-
ture of 1O~13OC. 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 1300 (Table
30); according to the observations of Birmen it was almost the same (12.4%)
in 1948 also, near Cape Ozerpakh (the left ghore of  Amur Sound). The entry
of the pink salﬁon into the spawning rivers of the Amur basin is not observed
at water temperatures below 5.500. The other limiting temperature at which
the pink salmon continued to move upstream to the spawning grounds was 22.1%.

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°%. In the rivers of the Amgug' 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 15.300. The amplitude of variations of
the mean daily temperatures during the main run of the salmon in the Rivers Im
(1950 and 1952) and My (1949, 1951 and 1952) reached 5-7°C, and in the River
Iski (1951, 1952 and 1953) it reached 7-15°C.  Of the waters examined the
coldest for the pink salmon is the River ¥Ny. During the ﬁain run of the pink
salmon the water temperatvre in it remains on the average between 8 and 1200,

but in the Iski it is much higher (12—1400) and in the River Im it is close
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Hydrological Conditions During Spawning Migration of the Pink Salmon
in .. Amur Sound (Cape Dzhaore District)
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TABIE 30. Mean Water Temperature in Surface Layer of Amur Sound in Different
Periods of the Spawning ligration of the Pink Salmon

Fo n pafion l% . ,I-!aua:ul) xona M Maceosuii Xo Ef'__'% 7 Konery xoxa
nafawotenwit i Jara o { L rata 5 r i opata 5. i
5958, w Hpoure = 19/\VI—1/VII 16,4(10—18) 2—16/VIL  181(16—20) 17/VI—11/VIIL 20,7(18~—23)
1953, ar, Humwope £ 5—13/VI : '}1,9(11—13) . BYVI—-2/VIE 16,9(12—2!) 3-34vi 20,9(17—23)

KRY: glg Year and district of observations (2) Cape Pronge (3) Cape Dzhaore

4) Beginning of run (5) Date (6) Main run (7) End of run

of

_GL..




s bed e

.L:;);-.u;;).u-:..s..s;.‘;_f_'.; il

®

0 . . . . . . .
to 15°¢. The intensity of the spawning migration of the pink salmon varies

v

gppreciably in rivers if there is a sharp decrease OT increase in the water

semperature (Fig. 7).
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. Fig. 7. Dynamics of migration of the pink salmon and fluctuations in water

temperature in the River Iski: 1) temperature, 2) number of fish entering
the river.

Key: (1) temperature, % (2) number of fish, thousands.

B. Water Level
Tigration of the salmon in Amur Sound is also affected by variations

in the water level due to the risé and fall of thé tides. Observations made

in 1959 in the region of Cape Pronge showed that the pattern of fluctuations

in the pink salmon catches depending on the character of variation of the water

1evel1 in the coastal zone is very complexX. Increased runs of the pink salmon

were observed at times:

Of high or almost high tidej;

Trom low to high water, during a considerable rise in its level;

1Variations in level were taken every hour on the basis of tide pauge
readings at the hydrological post of the Hydro—:eteorological Service at Cape
Pronge.
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TFrom high to low tide, but with a comparatively large body of standing
wvater;

Low tide, when the daily amplitude of variation between high and low
water was small.

Pink salmon runs on the right shore of Amur Sound thus increased when

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. f
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 (MNavigation on the Bast Coast of Siberia, 19%2)., 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 tﬁe 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 svawning migration of the pink
salmon at night almost ceases. Vith 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 ghore of Amur Sound the dynamics of the salmon
run relative to the rise and fall of the tides is guite different. As Borisov
(1925) observed, salmon were caught there only at low tide and during high tide
they kept to the middle of the ¥orth 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
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to the shore, where the current was slowerl, to save its strength tor later

in its Jjourney.
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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

/53/

The pink salmon enters the spawning rivers when the water level is low
(Strekalova, 1954) or high; the mass migration coincides with a comparatively
high level, although in some rivers and in some years (River Iski, 1950, 1951)

it may oceur at the time of the greatest fall in the water level (Fig. 8).

This fact could have a favourable effect on the choice of the place for

1, . . n s e .

At low tide the velocity of the current in Ilevel'sk Channel is very creat
in the rezion of the north-vest end of Sckhalin Islend because of the discharge
of the rain 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 fo 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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Pig. 9. Dynamics of pink salmon catches in Amur Sound near Cape Pronge during
‘ the spawning migration: 1) 1958, 2) 1959, 3) 1960, 4) 1961.

Key: (1) June (2) July.

C. Direction and Force of the ind

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. 7ith such a strong
wind catches of pink salmon and summer chum by itrap 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 moves away 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 froﬁ it.

Morth 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 shomw of the
Sound than the south winds and they are accompanied by larger upstream migra-

tions. In 1958, tor instance, at the Aleevka control fence, on days of mass

nmigration 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 enteripg
the Tatar Straits, do not give rise to such strong agitation of the shallow
water as is observed ﬁith south winds. This is evidently the reason vhy
catches of pink salmon by fences on the right shore 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 all 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 salmén in Amur Sound has a distinct temperature
optimum of its own (15-19°C).

Data relevant to the elucidation of the dynamics of the spawning migration

of the pink salmon relative to the rise and fall of the tides and to wind

activity given in this section are extremely .gketchy &nd by no means exhaustive,
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for the problem is complex and calls for special research.

4. Dynamics of the Run

As was stated ahove, the fluctuations in the run of the pink salmon in

Amir 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 Fronge in 1958,
when high static waters in June and July occurred in dayiight, maximal catches

of the pink salmon were observed (Table %1).

/54/

e

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)

| Z Yacuw cyrocx T3
‘ l‘ B l '
o 3 § S 12 15 18 l 21 { Beero
| i | _
. N . ‘ <
1057 — 11,0 23,0 32,1 1 ]’_, 13,2 85 1,0 100,0
1859 —_ 79 169 181 1 928" 148 06 1000

KEY: (1) Years (2) Time of day (3) Total

o@®

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. 'he dynamics of catches.of the pink salmon by the Aleevka
control barrier for four of its yegr.classes(1958-1961), differing sharply in
their abundance 1, is illustrated in Fig. 9. The number of fish caught

oy

at the barrier is acrregated here for five-day periods, sroothing out diurnal

1The 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.
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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
graduval. Tt 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 salmon in different spawning rivers is in general of
the same charazcter: the run becomes swifter at dawn and continues until twi-
light, although at mid-day the intensity of the run is reduced (Table %2).

Meanwhile, 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 'y and Iski, for instance, about 255% of the fish pass through
the control barrier before 7 a.m.; only about 5 ¢, pass during the next 6-T hj
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 60 ¢5 of the salmon rise before 10 a.m.  The other
periods of the run are shifted correspondingly.  The beriod of a small run
lasts from 10 a.m. to 4 p.rm.: at this time about 10 ﬁ-of the fish pass through;
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 passing through per day.

After observing the irrecularity of the salmon run during the 24 hours /55/
in the rivers of Kamchatka and in the Amur Abramov (1953) concluded that the

size of the run increases when the sunlight falls from the side or from behind




relative to the course of the fish, and it stops completely if bright sunlight
shines directly against the direction of the run.
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 %
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.
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This conclusion was con-

0@

TABIE 3%2. Dynamics of the Run of the Pink Salmon in Spawning Rivers During
the 24 Hours (in per cent of total number of fish passing through

the barrier per day)

| S Yacm cyTok . ‘ ‘(ﬂ
Pesit, ToAM 4 —7 210 — 13 -~ 16 -- 19— 2| ‘ -Beero
2= M, 1962 249 35 08 266 44,2 100,0
N 1063 - 206 40 7.6 249 158 27,1 100,0
3 Cuvnn, 1960 . 622 64 46 103 165 © 1000
’ © 4 s 6 o~ B M = 18— 20— 21

1959 14 104 91 01 -212 403 175 100,0 .
U Hexw, 1960 136 150 103 52 180 200 17,0 100,0
o198t 43 83 53 105 2,3 981 228 1000
1962 109 . 96 + 32 22 209 262 270 " 100.0

KEY: 1) Rivers, years
6) Total

(2) iy (3) Samnya (4) Iski (5) Time of day

0@

In the basin of the River Iski the pink
the river, staying for a long time in the quiet, deep paris of its course.
Sometimes the salmon also move downstream, but they then climbh orain, over-
coming the current. The mean rate of novement of the pink salrmon is 1,7 km

per diem. Such slow progress of the fish is explaincd by the fact that rost

salmon and chum move slowly along
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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. Vhen the rise in water level is very great the pink salmon and
chum cannot overcome the too rapid current and they therefore sfop 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 salﬁon in the rivers I have examined can
undoubtedly be extended also to any other river. Iovement 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.
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VI. QUALITATIVE COIPOSITION OF POFULATIONS
AND THEIR BTOLOGICAT CHARACTEIRISTICS

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 conéider—
able fluctuations in catches in the course of migration, characteristic of the
pink salmonl.

Appreciable predominance of males is chéraoteristic 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 %3 this is evident for

1958, when the observations included the beginhing 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-

tioﬁ. 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, éhe 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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TABLE 33. g3ex Ratio of the Pink Salmon in «  Amur Sound During the Spawning
rigration, . Pronge ’
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kEy: (1) ronth, five-day period (2) June (%) July (4) August (5) lean
for the season (6) Males, females (7) Number of fish
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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 othéer 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 shbwn above has a unimodal or bimodal curve
and it serves to distinguish clearly the main run of the fish as well as the
beginning and end of the svawning migration. If the spawning migration of
the pink salmon is examiﬁed from the point of view of these periods, the sex
ratio in them for year-classesof 1958-1961 can be represented as follows
(Table 34).

Tn most cases predominance of males is characteristic of the beginning

1, . . .. . . .
fhe sex ratio was not studied at the beginning of the spavning migration.




TABIE 34. Sex Ratio of the Pink Salmon in . Amur Sound for Various Periods of
the Spawning Iigration, W. Fronge
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TABIE 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. Tor instance, in the distriect of the
Ozerpakh Fishing Combine in 1951 the ratio of males to females was 1l: 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 pmur Sound
(j\ is accidental or notv. However, it agrees sufficiently closely with the sex
4

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 $o 1961 is given ig Table 33, Thegse 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 bheginning and end of the spawning wmigration is small. These
figures show that from year to year sometimes males and sonetimes females
predominate in the stocks of pink salmon from .7 Amur Sound, although the

ratio between the two sexes romains close to - 1l: 1.

-®

During spawning of the pink salmon the impression is obtained that males
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predominate considerably. In I.I., Kuznetsov's opinion. this apperent predom-

inance is explained by the earlier maturation of the males and their partici~
pation in spewning not with one,. but with several females (Table 35). 1In
fact, the sex ratio of the pink salmon in the spawning grounds as & rule
shows some predominance of females. Frobably the males die first in the
spawning grounds. This could also be explained by their earlier readiness
for spavming (Soldatov, 1912), a process accompanied, as will be shown below
(Lysaya, 1951)’by the accumulation of large guantities 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 /59/
pink salmwon is achieved. ¥e know from the work of Persov (1965) that in

pink salmon embryos and in larvee 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 Veight

In the course of 16 years of investigation of the pink salmon (1950—1965)
; among sexually mature fish misrating into ﬁmur Sound nohe was found with a
length (AC) below 28 and above 66 cm or with 2 weight below 245 and above 3 800 g.
Fish with these extremes of size and weight are very rarely found and all the

subsequent arsument 1s thus based entirely on average values characteristic of

the stock as a whole.
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ales of the pink salmon, as of other Pacific salmon, are usually somewhatb
largzer than the females.  An exception to this rule was the first spawning
migrations of pink salmon in 1958 when the females were larger (Table 36).

The dimensions of the nink salmon vary differently from the beginning to
the end of the migration in different years. Their veriations can be studied
more correctly in relation to body length (0d), 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,
gometimes increased from beginning to end of the run. Variations in size of
the pink salmon in the course of the spéwning 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).

Vherever salmon fishing is undertaken commercially the size of the salmon
varies in even and odd years. These varia%ions are considered to be attribu-
table to differences in the abundance of the odd and e&en year—-classesof
pink salmon. Usually the Arur 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 smallj
conversely, il small fish are found it heralds an abundant run.

Durin~ the last 15 years there were tvo maxime in the pink salmon popula-

tions of the River ‘rmr: in 1948 and 1958. The fish in these years were the
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Variations in Mean Size of Pink Salmon (in cm) in

Amur Sound at Different Feriods

of the Spawning }Migration, . Pronge
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smallest in size. The pink salmon was also very small in 1926 and in 1928
(Vorotnikov, 1927; TFravdin, 1932), when the level of the stock was exceptionally
high. After 1948 the numbers of even year-classesof the pink salmon have

reduced sharfly and in subsequent cyclicyear-classes the fich have been even

larger than in odd years. Kigration of large fish in spawning stocks of even
year-classes continued until 1958 when, Jjust as in 1948, an abundant year—-class

of pink salmon consisting of small fish returned to the Amur (Table 38).

Differences in the size of the pink salmon in even and odd years are /60/

explained by Birmen 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; According to Keganovskii (1949) they are.&ue

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 Tish is almost identical in year—classesdiffering in their  abundance

For example, the year-class of pink salmon réturning‘to the Amur in 1957 was /61/
very small in number compared with the year-class taking part in migrations

in 1956, but the size and weight indices were essentially the same: the dif-
ference in size was only 0.7 cm and the difference in weight 189 g, well within

the 1limit of accuracy of measurement. There was likewise virtually no differ-

ence in the size and weight of the pink salmon of the migrations in 195% and

1956 and in those of 1961-1963, despite equally large diffevences in their

numbhers.

This phenomenon is not confined to the pink salmon of the Amur basin. /62/

In the Ziver Iski, for example, which belongs to the basin of the Sea of

Okhotsk, there was a relatively abundant stock of pink salmon in 1951 but the

e o

watn ares 4
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length of the fish taking part in it was just the same as in the

mach smaller year_classgﬁmfore and after. In Primor'e in 1948 and 1949,
according to the observations of TINRO, 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 seme. This problem has so far
received little study and it may be that variations in the gquantity 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
ééock of smaller fish, is highlonversimplified.

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 %he 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. Secale Structure and Rate of Growth

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 growth 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) Althougﬁ differences in the time of the downstream migration and
individval differences in  the growth of the fish together determine the
existencé of small and large individuvals during the first year of life, it is
ultingtely the rapid growth of some fish and the extremely slow growtih of
others in the second year of life that is reséonsible 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 groﬁth, 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
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 Japplied to it .any investigators have observed it. This ring
is sunposed to be formed by delayed growth of the fish end it is laid down
(Vedenskii, 1954) at a time when the young pink salmon is leaving the coastal
vaters for the open sea.

Tn different parts of the Amur basin and neighbouring districts (Schast'ya
Bay, the continental shore of the Tatar Straits; Worth Primor'e) in some years
pink salmon with additional rings on the scale are found in large or small
nunbers simultaneously (from 0.1 to %5.2 %), 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 Pfimor'e and the Amur basin, as Miyaguchi (1959) points out, are
clearly in agreement. The character of variation in the incidence of additional
rings on the pink salmon in 1955»1958 wes similar for the Amur basin and the
basin of the Sea of Japan (Wnyutina, 1962).

In the pink salmon in neighbouring spawning areas (the Rivers Iski, Avgun!',
Ny) in some years the additional ring is laid down at the same time but the
frequency with vhich it is found is not always clearly connected with the
abundance of the pink salmon population in each river. Cn the vhole,
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 depariure from the coast in search of
food.

The calculated body lenzgth, the scale length and the number of sclerites
in the veriod of formation of the second zone of narrowed sclerites in fish

. 1 . .
with type 1 (1) +  scales are on the average almost the same as in yearlings

1 . s . s .
The conventional way of describing a scale with an additional ring.
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with the typical 1 + 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 scazle, from backecalculations
of the length, and from Birmen'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-August, 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 the . numbers of the Amur pink salmon (FEnyutina, 1955; Xrykhtin
and Smirnov, 1962) gave the following results:

a) With a considerable increase in the population of the spamning stock
the dimensions of the fish (and also its weight and fecundity) diminish appre-
ciablys coﬂversely, with a marked reduction in the population they increase;

b) Indices of length (and weight) may be almost idéntical in spawning
stocks of different numerical size;

c) If spawning stocks are numerically very small for a number of years,
their quantitative indices will vary in different years.

Variations in body size in mumerically different pink salmon stocks have
been explained conjecturally by inequality in the available food supply per
individual in years of poor catches and of abundance (Kaganovskii, 1949;
Wikol'gkii, 1950) and by differences in the time when the young fish reach the
feedins; grounds, which devend on the time of the downstream migration of the
fry from the rivers (Xrykhtin and Smirnov, 1962).  In 1954-1962 as a result
of investigations of the salmon at sea facts were obtained to show that in yeers

of large salmon populations the food relations with the chum and sockeye become
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. ecute; as a wey out of this contradiction and as sn adaptation to the new
¢
<:} féeding conditions the pink salmon can broaden its food spectrum and chonge
over partly or completely to forced feeding, with a resulting decrease in the
rate of grovth and of meturation of the fish (Andrievskaya, 1966). This ex-
pleins the decresse in size of the pink salmon in years when the vpopulation 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 bornvin 1954.
If the feeding grounds of the pink salmon and suwmmer chum in the sea
actually coincide, as Hirano (1951) asserts, growth of the pink salmon must be
definitely related to the summer chum numbers. e 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
Q’) summer chum born in 1954. However, the contradiction in this maliter simply
) serves to emphasize the complexity of the growth pattern of the pink salmon /65/
in @ifferent -~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 spawvning migration.

4. Veight and Ripeness of the Sex Products

The pink salmon reaches Amue Sound with sex products of different
ripeness, rancing from stege IT to stage V, using i.S. Berg's (1935) five-
point scale, slightly mocdified by A.G. Smirnov, But in most cases in stages II-
I1T, III-II anc II1I. Rirening of the sex products in fresh water takes place,

just as 1t docs in other Pacific salmon, through the action of gonadotropic
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hormones in conjunction with increased activity of the thyroid gland (Hoar,
1953).

The weight 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 spavning
migration in Amur Sound the absolute weight of the testes and ovaries in-
creases; so also does the relative weight of the gonads (the weight of the
gonads as a percentage of the body weight), reflecting the-degree of their
maturation (Tables 41 and 42).

Yhe data in Tabie 42 show that the pink salmon migrates into Amur
Sound at different degrees of maturity in different years; on the average,
however, the relative weight of the gonads or coefficient of maturlty (Wikol'ekii,
1938) is 5.0 for the males and 7.5 for the females.

As the pink salmon ascends from Amur Sound into the spawning tribu~

taries the gonads undergo further maturation (Table 43).

TABLE 41. Changes in Absolute Veight of CGonads (in g) of the Pink Salmon - /66/
Jin Amur Sound at Different Stages of the Spawning Higration,
N. Pronge

Fou i ’ L [lepuon x07a R La
) - Cpe;
Havaxo 3 l MACCOnRNIT H" ‘Konett * ;il ’ peiriee sa ceson
51( 8—130)  64{15~162) * 74(11—180
s -SL8=130) Bl ) 6:( 8-130)
’ 76(27—127)  T9(26—164) " 105(45—323) "80(26—223)
a0 55(5—125)  87(10—220)  113( 2—924) 86( 2—224)  *
75(44—130)  106(19—250)  147(60—-234) ~ 107(19—g8d) -
1960 34(10-123)  69(13—205) 91(25—195) 69 (10—205)
TTA(E0=132)  89(35—19) n4_(40'—210) 89(30—210)
1961 — 100( 9—230)  123(23—265)  105( 9—265) .

HO(37—221) 138 22—3()0) 17 (22-2300)

.

"pHMQ‘HlHHE B uwucaurene — Ca\ll.lbl B ’in\lLHdTC IE. -~ CAMKH. 7

x=Y: (1) Year (2) Pericd of migration (3) Beginning (4) liain run (5) End
(6) 1ean for the Season (7) Tote. lales in numerator, females in
denoninator.

Tn the Amgun!, where artificial pink salmon breeding has been bagun, the

use of brood stock for fish breeding purposes is adversely affected by the

;
;
cmmate
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TABLE 42. Changes in Relative Yeight of Gonads (in per cent of body weight)
of the Pink Salmon in . Amur Sound at Various Stages of the
Spawning igration, I. Pronge

p o1 1988 71959 B 1660 17 | 1961 47

Hlepiox xopz | ¥ | < 7 Yool e

ica.\xl(hlj CasMun CaMiLbi CaMKlt Cil.\luhl] Cﬂ!\IKlll CaMIiLh! CAMEKH

i - . .
Hauazxo > .57 T8 37 52 38 64 . —  —
Macconuii 61 85 18 71 42 68 47 66
Konew 70 11 6 5.6 63 100 63 91
Cpemiee 3a ceson 62 87 48 7.1 42 68 51 19

S

KEY: (1) Period of migration (2) Beginning (3) Main run (4) End (5) lean
for the season (&) liales (7) Females

TABLE 43%. Changes in Coefficient of Maturity of the Pink Salmon Between
Amur Sound and Spawning River

1952 ¢7 1953 p- -

T T 1esl el i
s G
i
]

. |
Mecto Jora R VI - B VI
‘ f

: i S| W
icz\.\nuxl! CaMKHICO gL COMRIL camum' caMin
i H . .

B

CAMILhI} C3 3K

!

Zo Muman Auypa. Oaepuax . 46 7.
2 P. Auryus, ceao Ceprue- ,
) Muxaitaoseroe 617
Ao Py, cean Kpacuwit Stp - 7,210,

56 81 5476 L 49 T

>

0
8, 72 98 54 90 68 93
1 S 134 T3 M3 81 126

KBY: (1) Place where caught (2) Amur Sound, Ozerpakh (3) River Amgun',
Sergie-likhailovskoe village (4) River Im, Krasnyi Yar village
(5) ¥ales (6) Females

o®
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inadequate maturity of their sex products. In the sector of the Amgun'
nearest to the Udinskii factory, near the village of Sergie-llikhailovskoe,
the coefficient of maturity (Table 43) was much lower than in the spawning
river Im, 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. .Consequently, to avtain the degree

of maturity of the gonads characteristic of fish in the spawning river, salmon
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of the mein 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 %, but
in males, on the other hand, it decreéses and this is accompanied by lique-

faction of the sperm (Table 44).

/67/

TABLE 44. Changes in Coefficient of Maturity of the Pink Salmon at Different -

Feriods of the Spawning Migration, River Im, 1951

[ .M Cawu Camkn 7

Nepuox. xona . 5 VA s te
. KoaeGanna cpeanee Koaebanus cpeanec
Maccovuit & 59—150 81 85294 134
Konery 3 3,8-—40,9 8,6 - 7,5—24,7 13,5

KEY: (1) Period of migration (2) Main run (3) End (4) Males (5) Variations
6) Yean (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 mutrients stored in the body, with the result thatb
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 Colouxr

In the pink salmon, as in other salmon of the genus Oncoriynchus, 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 rirst 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 & breeding colour, shown to begin with by the males.
At the end of the spasming migration the number of spent fish increases con-
siderably and the muptial changes themselves become iﬁcreasingly more marked:
the scales lose their 'silver colour, dark pigments appear on the body and in
the mouth, the body becomes appreciably flattened from the sides, and a hump

appears on the back of the males.

@,

TABIE 45. Changes in YWeight of Gonads and in Condition of Female Pink Salmon
During the Ifigraetion, River Amgun', 1948

i l AdcomoTustil pec " Ornaciteassstii 1] 1 < ?{
W 4 PR R Kosddn-| o .,
. ronag, 1 nec roral, % WHEHT HCHO
Mecan, venmenxa = el ——— - R
g e o 5 Lo | ynoman- | .
xoaeGaiing | cpeinee lOlLﬁd /] cpeilce l wocti | PHO
| HHSY
© % Mo, 1740175 Lo 151424 101 195 87
S 4 45—~ 190 110 57—184 106 ° LI9 145
HI 65—165 116 63—144 110~ LI8 40 _
3 v 80—165 115 69147 - 10,8 1,16 20
0,97 95 -

_Awryer, [© 100—250, 51 7.3-9225 173

KEY: (1) Tonth, five-day period (2) July (3) sugust (4) Absolute weight
of gonads, & (5) Variations (6) liean (7) Relative weight of gonads,
per cent (8) Condition factor (9) Wumber of fish

Similar changes in the degree of breeding colour are shown by the fish
during their ascent to the spawning areas. Vhereas in Amur Sound most
pinik salmon have ill-defined nuptial changes, most of them in the spawning
rivers and, in particular, at the spawning grovnds have a well-defined breeding
colour.

Tor convenience in describing the degree of muptial changes in the pinle

salmon the following scheme is used by the Amur division of TINRO for biological

/68/
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analysis:

Stage 1. Teatures of external nuptial changes absent. lales difficult
to distinguish from females by externsl 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 appreciably flattened from the sides and
considerably enlerged in depth (in the males). The body colour is yellowish-
grey, with prominent brownish-yellow spots. The scales are difficult vo
remove.

Stage 4. Snout besk-shaped. Body and head consideraﬁly flattened from
the sides, well-developed hump, colour variegated. Brownish-purole 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 pléce in the pink salmen 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, srowth of
the cartilage on the small, toothless ossicles, not reaching the end of the
snout, very; large bones with vowerful teeth, covering the whole anterior border
of the rostrum, are forred. 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

I cartilaginous rostrum grows appreciably in width also; parts of the skull
g & PT ¥ s I

not closed by bone lying posteriorly to the rostrum also become thicker. The
formation of a hump in males is comnected 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
matueity, found in = . Amux 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 pﬂc‘oducts.

TABLE 46. Degree of lanifestation of Breeding Colour by Pink Salmon with
Gonads in Stage IV of Laturity, River Amgun'

Fon | l Z— Crazny Gpaunoro -Lansaa y 6 4
B : HCA0 pHl i
: | 2 | 3 | 4 10 PHO &
£0,2 19,8 0 395 .
. 10 . —acan PR — —— .
1949 974 2 05 678 -
) v 498 o407 16,5 413
1950 8.3 9 08 517
Mpusevanue. B snchirene — CaMUL!, B 3UAMCHATCIC — CaMKiL. &
Ko¥: (1) Year (2) Stage of breeding colour (4) Mumber of fish (5) Note.
Tales in nmurerator, females in denominator
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TABLE 47. Stages of Naturity of llale Pink Salmon in Stage 4 of Breeding
Colour, River Amgun', 1950

K i } 2 . CT("::[HH JPLXOCT CONENR Yucao ”F
14 d T 1CJl Lt O
RORMSECTRO TN [ v | LW ] VY per
Ulryk 8 69 67 1 - 145
% b

5 . 416 46,2 07 100

FEY: (1) Wumber (2) Stages of maturity of gonads (3) Ilumber of fish-
(4) Fish

This suggests thet 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 ?referable not to
use the term "breeding colour" to apply to fresh-water features of adult salmon,
and that since they appear in salmon as a result of morphological and physio-
logical changesl with the participation ;f the organ of-visionz, they are
protective at the spawning grounds and are developed in the course of evolution
of the salmon as an adaptation to the enviromment. As the information in these
tables shows, the absence of strict correlation between the state of the gonads
and the degree of nuptial changes confirms Birman's view that "maturation of
the gonéds and developmentlof the breeding colour are simply two processes

that have undergone parallel development."

*

6. TFecundity

Tt will be clear from Table 48 that in 12 year-classesof the Amur pink
salmon all parameters connected with fecundity are grouped together for even

and odd years.

1 . . .
The physiology of the process of their formation has not yet been |
explained. |

The pink salmon, when it can no longer sce, still remains a smolt.
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TABIE 48. Changes in Fecundity and other {ualitative Parameters of the
Fink Salmon in Amur Sound in 1950-1963
— o
U] B 2] e r S [ Aeormanmony oy Mol Ot
rea | 3 & 3 ” SN N oy R R A
: g;':ﬁ;! cgtg KoACHANIN Icpc;x-me Koachauna | cpeauee (_:.qll.h_ 1Q=9 R T [Lb
' l | ro |

1950  38—55 466  600—2500 1276 600-—3200 1473 1,18 375 L6 L2 2

1952 4057 47,1  G50—2170 1383 700—3150 1660 1,22 362 852 130 475

1936 5756 454 8502250 1278°  626—2720 1390 1,23 377 306 121 7

1958 34—50 41,9 450—1570 932 4561047 1141 1,15 310 27,2 1,35 1157
41960 37—52 445  G00—2040 - - 122  €72—2750 1450 -1,.26 330 328 1,31 817

1962 3751 476 450—2250 1540 7772095 1696 1,31 397 356 120 418

1951 39—53 465 7502050 1205 - 835—2382 1502, - 1,19 M6 342 1,34 457

1953 41—55 482  810—1950 1383 900—2700 1612 .14 373 341 129 103 !
1057 38—54 469  750—2100 1464 - 5:0—2784 1604 1,29 390 34,2 123 306 =
1959 33—57 476  380—2540 1498 327—3178 1644 127 400 345 7 1,19 1015 ':J
1961 40—56 47,3 770—2600 1516 7C0—2858 1832 1,31 . 38 887 L3 672

1963.  35—55 47,6 5302500 © - 1547  G675—3066  1660° 1,35 424 351 L2 400

. 7" N
KEY: ) Year (2) Body length AC, cm (3) Variations (4) Mean (5) Body weight, g

gl
6

) Absolute fecundity (8) Condition factor
(11) Number of fish

0) Relative fecundity

(9) Index of individual fecundity

/oL/
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Thig Table shows that variations in individual fecundity of the pink
salmon are very great. Tts mean value also fluctuates considerably. . In
the years under consideration the differences in the mean fecundity of the
pink salmon in even and 0dd year-classegh@ve diminished aeppreciably: in even
years the fecundity was 147G, but in odd years 1664 eggs, whereas in 1925-193%4,
according to Huznetsov (1937), the corresponding figures were 1221 and 1717.
The explsnation of this fact may be as follows.

For the Amur pink salmon 1925-193%34 was & period of sharp fluctuations in
the numbers 6f consecutive year—classaﬂTable 3); the dimensions of the fish
in even and odd years differed considerébly at that time. Fecundity, however,
directly dependent on the size of the fish, was on the average 500.eggs.greater
in o0dd years than in.even. In the period 1950-1963 no regular variations in
number were found in even and odd yeafs. The pink salmon stocks of even
year-classesVere high only in 1956 and 1958, but in 1950, 1952 and 1962 they /7L/
were depress ed. 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-classesj for that reason the difference in fecundity of the pink
salmon in even and odd years was on the average only 200 eggs in 1950-1965.

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 Qbservations the degree of correlation

between fecundity and size is low: +the coefficient of correlation for 1950

The .fecundity of the pink salmon varies regularly not only with the size
of the fish. As Fig. 10 shows, in *two consecutive year-classeswith consider-
able differences in abundance gize, fish with the secme dimensions differed in

focundity. The increase in fecundity of the pink salmon in  the year-classes of
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1949 and 1959, which were could have taken place only

of low abundance,

| because of a decrease in size of the eggs, and this is confirmed by the evi-

dence in Table 49.
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Yey: (1) Tumber of eggs (2) Length AC, cm

TABLE 49. Size of Dggs in a Sample Teighing 20 g from Pink Salmon 4%-45 cm
in Length

. o

. ] ) /'»f'- Crainsa 3pe- Cpe‘mﬂe Koau- | Hucno
I Mecro coopa watephada Ton NOCTH ronay [MecTBo HMEpHUOK] Pwb
P. Awryms - 1948 IV 155 58

) 1949 - - 258 .. 38 '

H. Mposre 3 i 1958 - 11X 230 156

© 1959 T 360 5 -

¥Y: (1) Tlace where material collected (2) River imeun' (3) M. Pronge
4) Year (5) Stase of maturity of gonads (6) Liean number of eggs
7) Tumber of fish

A decrease in size of the eggs of pink salmon belonging to stocks of

low abundance is constantly observed. In the River Angunt', for

exenple, the four year-classesof pink salmon after 1949 were represented by
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extremely small numbers and the nuvmber of eggs in a sanple ﬁeighing 20 g from
fish 43-45 cm long in Stage IV of maturity of the gonads was 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
raintain its characteristic fecundity as a species even when the aﬁundaﬁce
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).
In the 1961 and 1962 year-classesf pink salmon, for example, despite the same
mean weight of the fish the difference in fecundity was 136 eggs. Characteris-
tically no difference was observed in the size and condition of the fish forming
these year-classes,but their numbers were equally very low.

The absence of high correlation between body weight and fecundity in
year—classes of even and oéd years, as with year-classesf high and low abundance

is clearly reflected in the‘relative fecundity 6755:—~)1. Another index
of relative fecundity, expressing the ratio betwe$n fecundity and body‘length
(K%)’ is higher for the smaller year-classes of pink salmon (1952, 1961,
(1962) and lower for abundant year—classessr pink salmon (1956, 1958).

These facts on relative fecundity are in agreement with the similar
observations of Semko (Zaganovskii, 1949) on the Rol'sheretsk pink salmon

which show that definite differences between even and odd year-classed the

1 . . . .

The weight of the gonads, which increases considerably toward the end
of the spavming migration (Table 41), is excluded from the body weight both
here and in Toganzen's (1955) Index of Individual Fecundity.
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pink salmon (i.e., yielding good or poor catches) are revealed by the ratio
of fecundity, not +o 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 ié even less closely connected with the
condition of the pink salmon. Thé condition factor for fish with approxi-
metely 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, 195G and 1960,
fish of about equal condition had fecundity varying from 1390 to 1663 eggs.

As these observations showed, neither the length nor the weight of the
pink salmon reflected any appreciable chénges in its fecundity. The main
parameter determining the fecundity of the pink salmon is the size of iés
eggs, and this depends not only on the size of the fish but also on the

abundance of the spawning year-class of the species.

T Changes in the Blood Picture

The investigations of Lyseya (1951) in 1948 and 1949 showed that the
blood picture of the pink salmon varies consiﬁerably as the fish migrates
from Armur 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,
¥. Fronge) but the erythrocyte sedimentation rate (ISR) and the urea and total
nonvrotein 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 spavming mirra-
tion of the pink salmon (from Amur Sound to spawming grounis) and they depended

on the stage of sexual maturity of the fish. This provided the basis for the
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TABIE 50. Physiological and Biochemical Changes in the Blood of the Pink /73/

Salmon in Connection with the Spawning Nigration
i i .
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tEY: (1) Components and indices (2) Red blood cells, thousands/mm3
{i} 3) Haemoglobin, per cent (4) BSR, mm in 1 h (5) Suger, mg <
6) Urea, mg ¢ (7) Nonprotein nitrogen, mg ¢» (8) Chlorides, mg ol

é9) Calcium, mg & (10) Lales in numerstor, females in denominator
11) Arur Sound (12) Spawning ground (13) Number of fish

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 spawning grounds was attributed by Lysaya to the irregular protein
breakdown teking place as a result of severe emaciation of the fish and the
almost total loss of the tissue carbohydrates and lipids. The urea initially
nretained" by the salmon for maintaining the osmotic pressure of the blood
later exerts a toxic action, resulting in death of the salmon of the genus

Oncorhynchus after spawning.

8. Death Defore Spayming

Death of the pink salmon and summer chum bhefore spawning is often observed
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in the spawning rivers of the Amir basin. According to figures obtained by
Amurrybvod, in 1950, 1951 and 1953 the proportion of fish dying before spawning
in the River My was between 1.2 and 2.8 S5, vwhereas in 1952 it was almost 17 7.
fimong female pink salmon the mean mortality in 1960 and 1962 in the River Im
was 1.6 ¢4, in the River Beshenaya 6.1 %, and in the River Iski 10.0 %. 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 SaErolegnia;

Yhether the infection with Saprolegnis was the cause of the disease and
death or simply a complication of the main disease it is-difficult to determine
for no special investigations‘have been carried out in this directiop.

Death of the salmon before spavning sometimes occurs on-a massive scale
and leads to considerable depletion of their stocks. In 193%4, for example,
in the River.Bol‘shaya on Kamchatka P.A. Dvinin and R.S. Semko observed massivé
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 deficiengy.

In 1955 A.P. liakeeva (1956), working on the River Iy, discovered the cauvse
of mass death of pink salmon when she found flagellates of the genus Trypano-
plasme 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 geometra, Hemiclepsis marcinata, etc. The sick and

dying fish looked quite healthy externally; at autopsy however, blood and a

grossly enlarged, iriable, chestnut-brown (instead of dark red) spleen were
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found in the body cavity.
The wide distribution and large numbers of these svecies of 1eéches in
the Amur basin and the discovery of Fiscicola in large numbers on the pink
salmon (ivkin, 1955, 1962) lead to the appearance of epizootics in some years

on such a large scale thal they appreciably affect the numbers  of Pacific

salmon in the pre-spawning period.
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VII. REPRODUCTICH

/15/

L. Spevming Rivers and Distribution

of Brood Stock in Then

The pink salmon .of the Amur basin as a rule reproduces in comparatively

short rivers in the foothills from 1C 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. In most cases this material con-

sists of small pebbles or pebbles mixed with sand.

Spawning 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 spewning 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. "ith-a thickness of ice of 16-78 cm,

the mean depth at the svawning grounds beneath the
Spavming rivers for the pink salmon also have

pattern, distinsuished by relatively large changes

N £0n 5 atha 1 -

hours (up to 5°C in the River I7y).

The rate of flow at the Amur spowning grounds

ice varies from 9 to 24 cm.
a cheracteristic temperature

in the course of the 24

of the pink salmon is greater
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than on Kamchatka and it averages 0.8 m/seo, with variation in certain years
and in different rivers from 0.3 to 1.5 m/seo. However, as a rule the pink
salmon will not spavmn 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 end spring but rises o 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-
ferént 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 grestly in different spawning
rivers but all are of the hjdrooarbonate type. Their salt content is usually
below 50—60-mg/1itre and their total hardness does not reach 2—30, 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 spavming stocks of pink salmon in the basin of a

spawning river depends, as investigations carried out by TINRO in 1837-1941

showved, mainly on three principal factors:- 1) the water level and flow Yatey -

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

/76/
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spawning area of the river: the pink salmon in years of a large run will even
enter some mountain stireams. The first arrivels of fish usually ascend higher
up the svawning rivers than the more mature individuals of subsequent runs.
Having entered the spawning rivers with the gonads in stage V of maturity a
pink sglmon will not ascend higher but will spawn in the mouth or in the pro-
estuarine spawning grounds. The brood stock go 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 6f males at the spawning grounds

may have the result, as Strekalova (1954) observed, that the same male may

© spawvn 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 uswally stay for é
few days in pits or holes, after which they b?eak up into spavning groups
(usually to each female there are 3-4 males, but sometimes as many as $-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 Soin's (1954) observations in
the River Iy, the excavation of mounds continues on the average for 6-7 days.
Cne, two or three nests will be made in them, 40 cm or more apart. A descrip-
tion by Tarcnets (1939) of the process of preparation of spewning mounds and
the layino of eggs by the pink salmon in the basin of the River Iski is given
helow:

"As the nink salmon digs a pit for the first nest, a wide ridge is formed

behind it. Vhen laying the first portion of eges in the pit, on the floor of

A
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which a larger pebble is always placed, the female ouink salmon sprinkles the
place with earth and starts to dig the pit for the second nest a 1ittle higher
upstream. In most cases the eggs are laild in two portions; sometimes, how-
ever, especially if the soil conditions esre 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 spawmners

(the population of the pink salmon stock in 1938 was high and in 1951 low;

.Table 51).

TABLE 51, Size of Spawning Nounds of the Pink Salmon in the Basin of the
Rivers Iski (after Taranets, 1939), Im (after Abramov, 195%)
and My (data of lioscow State University, 1952)

;o 57 Maunn Gyrpa, ov [upmia 6yrpa, e 4 “
Peks, toa . % A 7 v 7 wero
. .l KOA¢OatHy cpeatee roaebanug cpeaiiee | 6yrpon
2 gy, 1928 118232 155 58—118 .84 M
Pl 1951 35—80 56 2560 - 36 26 -

St Mun 1951 0 1152190, 156 © . 90—150 121 9 -

KEY: River, year (2) Iski (3) Im (4) iy (5) Length of mound, cm
6 Variations (7) Hean (8) 1idth of mound, ocm (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 20-3%0 ocm (variations from 18 to 50 cm)
and they are thus better protected against exposure to unfavourable factors:
moverent of the soll, freezing, drying, and silting.

In the rivers of the south-western part of Amur Sound, including the

River Iy, srawvning 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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days until the last 10 days of August, and spawning ends completely at the /77/
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 aré later than those of the pink salmon to the River My; the climax of
spasming 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 spawﬁ in the bagin 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 spawvning 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
spawvming migration of the pink salmon is only half as long as in the River
Iy (mean duration for many yesrs 35 days compared with 64 days) the spavning
period is also half as 1oﬁg. In the River Iski, where the spawning migration
is of the same duration as in the River liy (mean 64 days) the spawning period
is two weeks shorter. It ends in mid-September prbbably because the water
temperature falls below the optimal limit for spavning.

The duration of the spawning season of the pinlk salmon is also connected
with the abundance of the stock. =~ ‘aranets, working on the River Iski
in 1938-1041, observed that abundant year-classestad a longer spawning period and weal
year-classes a shorter one. The increase in the spawning peried fer abundant. year-

' classes

of yink salmon, according to the statistics of Amurrybhvod, is 10 days. As &

rere exception the spavning period may also be considerably dravn out for
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?:i} .weak year-classes of pink salmon (as in the River My in 1955), " '

evidentl: becouse of the low density of the spawning migration.

The pinl salmon spawns in both low and high water levels at depths of
between 0.5 and 1.5 m. Sometimes it spawns in pits more than 2 metres deep.
If the water level is moderate, the most typical depths at which spavning tekes

place are 0.6-1.0 m. The rate of flow at the spavning grounds is relatively

e et 4 gl it e an e s o

high: 1.5 m/sec.

The water temperature during spawning of the Amur pink salmon is from 6.4
" to 15.600, and according to I.I. Kuznetsov, spawning reaches a meximum at
temperatures of 9.2 to 13.7°C.
In years of great abundance of the pink salmon such as, for example, in
1958‘the spevming groun@s in all spavning rivers of the Ltmur basin were over-

crowded with brood stock. The pink salmon reproduced even in parts of rivers

unsuitable for spavning: in stagnant waier, at great depths, and in places yith an
ugéuitable substratum. Everywhere substratum in which eggs Thad glready been de~ /78
posited in mounds was being excavated again. In that year, as in 1638 and
also, evidently, in 1948 many spawning areas that had become almost useless
because of silting of the substratum, thanks to the repeated excavation, were improved
by the fish. .

The density of distribution of the spawning mounds depends on the abundance

of the spawming stock. According to observations made in 1959-1962, when
the spawning grounds were relatively crowded, there was one mound on the average

A 2 . .
' to an area of 1 m”, whereas when the spawning population was low there was one

v

(s

a
wound to a mean area of 10 m .

[Se i}

A high proportion of eggs leid by salmon brood stock is lost during the

!

swavning period.  According to Taranets (1939), 38.9 ¢ of the eggs of the

o@®

pink salmon in the River Teki were lost in 1938, compored with 15.4 % in 19%9;




. statistics of the fisheries improvement stations of Amurrybvod show that the
loss in 1951 was 55.5 ﬂ.in the River Iski, 59.7 % in the River iy and 68.8 %
in the River Im, vhereas in 1953 the corresponding figures for these rivers
were 57.4, 40.5 and 57.6 93 Strekalova (1954) estimated the loss of eggs of
the pink salmon in the River Iy in 1952 at 43.5 7l The loss of eggs during
spavning of the Amur wink salmon (mean 54.7 %, variations from 15 to 60 ﬁ)
was thus much higher than that stated previously by Kuznetsov (1928) and
Taranets (1959) and almost the saeme as that of the pink salmon of Frimor'e,
Sakhalin and Famchatka (Semko, 1939; Dvinin, 1952; Vasilenko, 1959). This
large loss of eggs is evidently explained by the spawning of -this species in
fast-flowing currents.

0f 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 Sammya, 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 Developnent of the Eggs
and Larvee in the ounds

Cbservatioqs by Strekalova (1?54) show that the soil in the nesis 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
spavning nmeunds of the pink salmon, studied in detail and described T Vesil'ev
(1958, 1959) for the ~mur spavning grounds, have the following charzcteriastics.

Tn autwrn the rean rote of filtration of the water in the redds of the

pink salmon (the rate of the under—gravel.cugrent). is 3,52 m/h, In July=August

the mean oxyren concentration in the redds is 6.08 mg/litre with voriations




- 126 -
from 6.24 to 10 mg/litre, and the mean carbon dioxide concentration is 2.8 mg/

litre with varictions from 1.2 to 5.6 mg/litre. TLater, from the middle of

September to the middle of Hovember, because of a large increase in the oxygen
concentration in the river water and a decreage 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/1itre.

The temperature conditions in the redds ;re characterized by great stabi-

1lity. The maximum diurnal variations in temperaturé do not exceed 1.5—2OC.

The highest temperature recorded in the pink salmon redds is 12—1300.

. Despite the almost continuous ice cover, the intensity of aeration of the
(:§ spawning rivers remsins 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/ j

approximateiy 7.5-10 mg/litre, the cerbon dioxide concentration 8-20 mg/litre,
and pH between 6.2 and 5.9. In winters of low water levels and little snow,
when the rivers freeze completely to the botiom, 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 0.2°.

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 gas 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 weichs 118-198 mg

paY

(Srirnov, 1964). The comparatively thick membrane of the esgs makes them
relatively inaccessible to predators inhabiting the redds such as planarians,
anvhivods, and insect larvae.

According to the obsexvations-made by the Lloscow University expeddition,
in water at a temperature of 12—1400 castrulation 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 hegins 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 rivers 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 ¥ay 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. Dovnstrean Idgration
of the Youns Salmon

The downstream migration of young salmon in spavming rivers is counted
by Amurrybved by a sarmpling meﬁhod using standard conical trap nets made of
wire netting with a mesh of 3x%3 mm, as used by Taranets (1959). The trap
nets are set across the channel of the rivers cleose to the mouth at different

. levels: on the surface, 2% mid-deoth, and near the bhottom.

The efficiéncy of the downstream migration is judged by reference to the
“"downstrean migration index" -- the ratio between the number of young down-
svrean migrants and the fecundity of the spawning stock, exnressed as a per-

centaze.  However, this index gives no idea of the asbundance of the pink
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aalmon in a particular year for the Amur asin as a vhole, for the counting
of the downstream migrants is carried out only in certain spavning rivers,
admittedly the most important, and not in the main channel of the Amur. Only
wvhere a count is taken cen it provide a sufficiently reliable basis for
judging the abundance of the pink salmon in that particular region.

To obtain more precise information about the abundance of the pink salmon
in the Amur basin year by year it is thus necessary to develop a more extensive

network of observation points on other rivers.

. A, Times and Duration of the Dovnstrean Migration

The downstream migration of the young pink salmon in the rivers of the
Amur basin usuelly begins in the first half of May. In some years the young
figh begin to migrate downstreem in the second half of April, when the spavming
rivers are still covered with icej; sometimes the downsfream misrents do not
appear until the end of May.  The main downstream migration of the pink. /80/
salmon takes place as a rule over a period of one month, from the end of May
to the end of June. The latest time of dovnstrean migration of the pink
galmon for the spavming rivers of the Amur basin is mid-August.

The true picture of the distribution of downstream migrants of the pink

salmon in time does not fit exactly into the scheme just described.  Cbser-

vations made at the fisheries improvement stations of Arurrybvod in 1950-1963
have shown (Table 52) that the times of beginning of the dovnstream migration,
its peak, and its end vary congiderably in different rivers, and in the same
river in different years the differcence mey smount to a month.
The duration of the downstream migration of the young pink salmon in the
ributarics of the Amsun'! -- the Rivers Samnya and Tin -- is comparatively short,

on the average 55 days, vhereas in the 9ivers Iski and Iy it is always 10-20

IRAKT,
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days longer. The longest downstream migration of the vink salmon is observed

in the River iy, and this agrees fully with the longest period of the sparming
migration and of aciuwa spawning of the pink salmon in that river. The same
rule applies to the Rivers Samnya and Tm, where the comparatively short spawn-
ing migration and period of spavning of ‘the pink salmon are associated with

more compressed periods of the downstream migration of the young fish.

et sk LRani bl

TABLE 52. Pimes and Duration of Downstream Migration of Young Pink Salmon

in 1950-1963

7 ‘P e x a

Xapartep I -
nadamsennii 1 Camua gl o L w o \ . Ficku ”_

2. Havazo ckata 417V 4—93V 2V —28/V  14/IV—30/V

% Alaccenatit cxat 25/V —I16/VI  16/V LAY 26/V , —5/VII 28/V—25/VI
. 4 Konew ckava  24/VI—-20/VII 15/VI—2/VIll C13/VII—11/VIIT 26/VI-—1/VII

. 5 TTporoamnreas- :

2 jocth B oAamaxt 46—64 (54) 39—91(35) 44—102(74) .42—101(68)

L Koa(pdutiienr )
’ ckata, % o 0,4—229 0.005—30 . - 1,50—229 +0,3—41,4

koy: (1) Mature of observations (2) Beginning of migration (3) ¥ain migration
4) ©nd of migration (5) Duration in days (6) Downstream migration
1

ndex, per cent (7) River (8) Samnya (9) Im (10) Ty (11) Tski

e NN

1. . . . . .
¥ean anmual duration of the dovmstream migration given in parentheses.

The time of the downstream migration is thus determined largely by the
durstion of the spawning migration and the time of spavming; temperature
conditions during development of the eggs and larvae, it must be assumed, also

. play & not insignificant role.

B. Iydrolozical Conditions ~cconpaenying the Downstresm Ideration

. The youag pink salmon begin to leave the redds in Yarch ox April, under-
neath the ice. The beginning of the moin downsircanm nicration of the young

salmon usually coincides with a comparatively high water level in the spawning
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river, resulting from melling of the snow and thawing of the iée. The- first
young salmon alweys migrate downsitream undexr the ice. The water temperature
et this time is close to 0°C.

Tater the intensity of the dovmgtream migration of the jyoung pink salmon
depends not so much on the level as on the temperature of the water. TUp to a
certain limit /which ocours at the end of June or beginning of July, when the
great majority of youns salmon have already migrated downstream and the water
temperature in the river is rising steadily) an increase or decrease in the
vater temperature leads almost alwsys to a corresponding increase or decrease

in the number of nigrants (Fig. 11).
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The mass downstream migration of the young pink salmon in rivers of the
Amwr basin and in the River Iski begins when the water temperature is not
below 400. The.temperature difference in the period of the dovnstream migra-
tion veries from 5.3° (River Samnya, 1951) to 15.5° (River Beshenaya, 1963),
with a mean level of about 10°. The highest water temperature at which
young pink salmon were still cauvght in the counting nets was 18.6°% (River
Samnya, 1951). Just as in Primor'e (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
nigration period is the same -- from 6 to 90. 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 almost ceases
if the water level falls considerably and, consequently, so also does the rate

of flow.

/81/
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Fig., 12. Dynamics of downstream migration of young pink salmon with time
of day: 1) River Ul, 1963; 2) River Ky, 1S64; 3) River Im, 1963.

Key: (1) Number of fish, arbitrary units

The fact that the young pink salmon all abcomplish 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

vhich it needs for its subsequent catadromous migration.

C. Dynamics of the Dovmstreanm Iigration

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 Iy 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, conseguently, an increase in
the rate of flow. The highesf catches of the young salmén in the traps are
observed -on dark, overcast nights.

During their downstream migration the young salmon are distributed in
the depth qf 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.

Y
D. Wutrition

The nutrition of the young pink salmon ﬁigrating dovnstream from the
spawning rivers of the Amur basin (Samnya, Im and Ny) was studied by V.Ya.
and I.}. 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 1little food (the number of young salmon with
empty stomachs caught in the Rivers Samnya and 1y in 1951-1952 averaged 80 59,

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 pupase, 1arvg%
mayflies and stoneflies, water bugs); flying and crawling insects (beetles,

ticks) play a secondary role although they occupy an important place in the

dietary spectrum.
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Fig. 13. Dynamics of downstream migration of young pink salmon in the
River iy at different depths: 1) in the surface layer, 2) near the bottom.
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Characteristically the intensity of feeding of young pink salmon migrating
dovmstream from the tributaries of the Amgun' (the Rivers Im and Samnya) is
much higher than for the fish from the River 1%y, because of their longer
migration path. During the downstream migration the intensity of feeding of
the young salmon as a rule increases gradually (on account of an increase in
the water ﬁemperature), 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

ebundant. 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 éink 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.

k. Qualitative Composition

At all periods of the downstream migration from thé 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
@eposition of guanine in the skin) early and that, unlike the Kamchatka steel-
head and the chum, the process of swmoltification takes place with omission of
the "parr'stage. Sarly silvering of the body stops the development of the

pigment (melanin) cells located alony the lateral line. The beginning of
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this process is sccompanied by hyperfunction of the thyroid gland.

e

The youns »inl: salmon arc in ceneral relatively und iform in size (31-%5 mm)
althoush voriations dn i individuals may be very considerable: 27-42 wm, Charac-
Leris stically chenges in the body length (AC) of the young fish during the down-
strean migration are small and are not regular in character (Table 55) .

The weisht of the young fish is a more variable parameter. Tts -observed
veriations were between 80 and 500 mg. However, just as in the case of the
condition factor (after Tulbton), in this case also it is difficult to detect
regular changes during the period of the downstream migration. it the
beginning of the migration in the spavning rivers T and Iy the young pink

salmon more often grows in weight accompenied by an improvement in condition,

then in lencth, as does the autumn chum (Levenidov, 1964b); meanvhile in the
River Semnys, for example, the exterior of the fish remains almost unchanged
throughout the dowmstream migration.

Variations in the condition factor of the youny pink salmon Guring the
downstrean migratién are evidently not the result of differences in the inten-
sity of exogenous feeding. . The fact that this index is higher for the young
fish in the initial period of the downstrean migration is evidence rather that
the wolk sac has not yet been coﬁpietely ebsorbed in individusls observed
collectively at the beginning of rigration when the water temperature is low.

The length and weight of the young fish likewise do not remain constent
over the years. Tarticuicriy large veriations were observed in the pink salron
of the iver Iski in 1551 and 1954 (Table 54) end were probebly due to differ-

ences in the water terperatures of the river in those years and to the differ-

ent timins of the dovastresn mijrations of +the youn~ fish.

-~
(%]

Considorable vorictions in the condition fector of the young pink salmon

ot

in @ifferent rivers dwring downstrean migration in the same yeor Table
o 53
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TABLE 53, Changes in Nualitative Parameters of Young Pink Salmon from Different

Rivers During the 1952 Downstream Iieration

. ! 3 Iauna teaa, mMm S Bec, mr
Tepnox fabaioRenl koiaedanun X ] - cpeuee Z- | cpearee  2—
p. Camna &

8/V 32—39 3 - 206

4/VI. 2—37 34 216
8—10/Vi 3137 33 207
11—16/V1 . 3237 33 218
17—22/V1 - 31--38 34. 233
B cpeanes 2 3139 33 216

o o UM .o

5/VI 2835 31 q 214

7—10/V1 28—35 31 Coo218
H—16/V1 28—34 3 207
18—20/V1 26—35 31 212
22—94/V] 28—-35 - 31 190

; 25/VI—12/V1H1 . 3039 - 32 194 -
B cpeanen’ 28--39 3 o ~210
. - p. Mut -

6—-11/V1 21—36 33 10 207
16/V!1 2036 33 ) - 198

20—24/V1 . 30--37 33 206
30/VI—5/VII 27—42 32 151
6—11/V1] 30—36 32 130
16—25/VIl. © 3935 3 166
B cpeanem 2.  27—42 3 190

Koaddunnent

Yncao pub

7

y::.-rl‘anuo(:'r;s

y
0,57 89
0,55 - 100
0,58 200
0.61 200
0,59 86
£ 0,60 675
0,71 100
071 - 127
0,69 199
071 ot - ™
0.64 . 66
0,59 28
0.70 611
0,58 28
X 136
057 * 179
0,45 : 112
0.4 79
0,46 19
0.53 553

¥EY: (1) Period of observation (2) Mean (3) Body length, mm

(5) Weight, mg (6) Condition factor (7) Number of fish (8
(9) River Im (10) River My

(4) Variations
River Samnya

~®

..9£‘[..
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TABLE 54. Length and Weight of Young Pink Salmdn in Downstream ligrations During

1951-1963
t ' p. Cavna 2 | 5 " p. M ! @ p Mu 27 Hekn
Toza “AC, | uec,'&[ tmc.'to%i AC, BL-_'C,'3V qncngJ AC, | pec3 anco” AC, t pecd 'lzxtno:';!—
MM [ M-} pulf | MM ML putb MM ‘ Mr pui6 Ml i Mr puG
1951 333 250 637 @ — @ — - 322 185 . 110 350 270 388
| 1952 335 220 700 . 31,1 210 100 327 160 545 323 237 400 ;
| 1923 . - 337 260 397 33, 230 630 328 222 585 . 320 236 300
1054 37 275 130 B9 . 20 73 337 197 65 30,3 . 167 257
1955 . 320 230 72 312 250 @ 255 327 298 | 250 336 278 414
1956 38 20 2,3 328 220 28— — 331 . 9227 . 298
1938 326" 230 105. 324 . 211° 1% - 323 275 90 3,6 222 | 287 '
1959 315 213" 524 3Ll 2160 570 31,7 236 385 322 . 238 295 o
1960 © - 223 238 351 ' 31,8 237 T201 326 264 349 328 246 303 3
1961 320 218 g0 T 312 . 22 18— . — — 324 324 32 '
1962 324 219 | 300 318 935 200 © — - — . 39 27 2u
1563 - 320 9235 182 322 241 T30 312 259 200 328 250 . 202

xey: (1) Year (2) River Samnya (3) Weight, mg (4) Fumber of fish (5) River Im
(6) nriver ¥y (7) River Iski
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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 spayming 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 élong
the main channel of the Amur (160 km). In some years, however, this'rela~
tionship is not observed. In 1963, for example, young downstream migrants
from the River Iy had a higher condition factor than those from the Rivers
Samnya and Imj; this happened most probably because of their early and very
short dovmstream migration (28 I'ay-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,. im, 1y 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 hely breeders to improve the qualitative composition of the young

fish supplied from the factories and thus to improve its chances of survival.

/86/
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In their gualitative indices the young dowmstream migrants from rivers
of the imur basin are indistinpuisheble f{rom those of Hamchatka, and vherees
the latter migrate in fresh water in April or Iay, with a water temperature
not higher than 8% (Roranenkova, 1034, the comparatively late downstrean
micration in warner waters of the fimur pink salmon is an adeptation to the
longer distance seperating the Amur spawning rivers from the salt water.

The fate of the young Amur salmon after migrating downsiream into the
Sound gtill remains completely winvestigated. AInformation 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 youns Amur pink

salmon stay there.
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VIII. OTATE COF THE STCCKS AND
TAS0 I FOR THEIR PLUCTUATICNS

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 9033 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. With 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 hasivarled
during the period of their commerc}al exploitation.

Stocks of pink salmon in the Amur basin remained at a comparaéively 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, vhen the two-year cycle was particularly prominent,

the bulk of the fish caught belonged to even numbered year-classes. Their mean
. catch was about 1CO 000 centners per annum (9.1 million fish), compared with

only about 6 000 centners (0.4 million fish) of the 0dd year-classes,
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After 1928 catches of pink salmon of the even.year—classesin the Amur
began to diminish gradvally. MThis diminution characteristically was accom-
panied after 1937 by some inerease 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.X. 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 19283

in other words, in the period from 1929 to 1935 there was a gradual decrease

"in the stocks of pink salmon in the Amur.

In the period from 1936 to 1948 the biennial cycle was less pronounced
but the pink salmon stocks continued to diminish. Catches of this fish for
even yearkclasseQNeraged about 60 000 centners per annum (6.0 millién fish),
except the particularly abundanﬁyear—classesof 1938, 1942 and 1948, when twice
as meny salmon were caught, whereas the average for odd year-classesWas abdut
27 000 centners per anaun (1.9 million fish). |

Aftef the particularly unfavourable winter of 1948/49 the abundance
of the pink salmon year-classes even years fell catastrophically and remained
depressed until 1956. Pink salmon catches in odd and even years during this
period were equalized but their mean value was only about 14 000 centners or
1.1 million fish vper annum. Such a prolonged depressed state of the pink
salmon populatioﬁs in two consecutive yeaf—classéshad not previously been
observed throughout the history of Amur salmon fishing. The stocks of this
speciles were at too low a level to justify commercial exploitation.

The period immediately after 1955 was distinguished by instability of the

/88/

pink salmon stocks. A marked increase in the population of the even year-classes

took place in 1956 and, in particular, in 1958, when about 2 million fish

it
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were caught by two counting barriers on the right and left shores of Amur
Sound., The salmon runs graduslly decreased in the next two year—-classes of
1960 and 1962, vhen they asmounted to about 20 % of the numbers of the parental
stocks, but in 1964 the-catches at ﬁwo 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 particuldrly abundant stocks in even

(1956 and 1958) and 0dd (1963) year-classes,® cheracteristic feature of this

last periéd (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 ﬁeen made on the conditions of
developrment of the pink salmon in the bed the effect of hydrological and
other factors on the abundance of the salmon in those yéars 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 spavning grounds. This
had a particularly adverse effect in harsh winters with 1little snowfall, and
the fall in the water level in the spawning itributaries contributed to the
result. The considerable clearing of the snow by the wind from the surface
of the ice on the river channel as a rule led to an increase in the thicknesé
of the ice cover, increasing still further the freezing up of the spayming redds
(Wikol'slkii, 1952).

The way in which the return of the pinlk salmon progeny is influenced by

the hydrometeorolonical conditions durinz incubation of the efses was later in-
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vestigated by Abramov (1954), using material of the Wikoleevsk-on-Amur Hydro-
meteorological 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 yeayr-classes®f pink 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, & phenomenon first
observed in the Amur besin in 1915.

The work of Vasil'ev (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 Smirnov's (1947) conclusion was later confirmed when
the Amurrybvod organization in 1949 began its regular observations on the /89/
upstream and downstream migrations of salmon in the chief spawning rivers of
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 spawhing rivers, the conditions of development of the
eggs and larvae in the ped and the downstream migration ofi;the young salmon,
is described below.

In 1948 almost 128 000 centners of pink salmon, or about 11 million fish,
vere caurht 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 spawm-

ing rivers by the brood stock was extensive, Iowever, 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 Armur 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 OCO fish. After the particularly bad year in 1948,
the level of the pink salmon stocks of the even 'year-classes’as thus only just
over half its level for the poor year-classes ofthe odd years, i.e., the stocks
vere in a depressed state.

In 1954 and 1956 pink salmon catching by the Amur fishing industry was

restricted. Meanwhile, since 1954 the numbers of pink salmon of even jear-classes

had begun to increase. As the data in Table 55 show, half a million
pink salmon migrated in that yeér into the main spavming rivers: the My,
Samnya, Im, Ul and Beshenayea.

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 downstreanm
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
nuiber were caught in Amur Sound.

In the winter of 1956/1957 there was no freezing up of the spawning
srounds in the Rivers Samnya and Im (the basin of the River Amgun'), the chief
spavming rivers of the pink salmon in the Amur basin, with the result that the
survival rote was high and the downstrean migration of the youns salnon took

place in large numbers.
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In 1958 this year—~class weturned to the Amur. According to incomplete
data, the number migrating into the Rivers Iiy, 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 secondaxry role in the repro-
duction of the Amur pink salmon, the conditions of development of the eggs and
laivae were on the whole favourable. In the Im and Samnya the pink salmon
spavmed 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
deposited in them died with the first frosts. The lowest water level of the
last 10 years in the River Amgun! in the winter of 1958/59 unguestionably
favoured the freezing of large areas in the basin of this river down to the
bottom, with a conseguent massive mortality among the salmon eggs and fry.

In the River Iy, because qf 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
and development of the pink salmon in the winter of 1958/59 its downstream
migration in 195¢ from the rmein spawning rivers was in very small numbers.

Its. abundance for all five rivers was almést nine times smallexr than in
1957, so that there were no grounds for expecting a particularly heavy run of
pink salmon in 1060. This prediction was oohfitmed by vhat actually happened.
In the Amur basin, together with the Rybnovsk district of Sekhalin, in 1960 the

catch of pink salmon wes 33 600 centners or 2.6 million fish, from three to

/91/




TABIE 55,

Occupation of Spawning Rivers by Pi

and Downstream lligration of the Young Fish from these
of fish)

K Sa

Imon in Iven Years (thousands of fish) -
Year-Classes (millions
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r 0‘11 ‘ Camusn © Ma 7 Mut 78 i Va g9 { Bemenan /C
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KEY:

(1) Year (2) Spawning (3) Downstresm migration (4) Counting incomplete

(5) Rivers (6) Samnya (7) Im (8) ¥y (9) UL (10) Beshenaya (11) Ho
figures available
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. four times less than in 1958. Control counts confirmed the same relationship

between the catches of pink salmon in 1958 and 1960 (Table 56) .

TABLE 56. Relative lTumbers of Individual Year-Classes of Pink Salmon in the

Region of the Nevel'sk Straits and in Amur Sound
I - Cperunit viaon ua 1 uegfm YiaoB nByX Kompom.m;:x 4hcanKos °
r o n B upoanae Heseasckoro | tta APUBOM i AERON Gepery JMana
n THIC, I4§T. Lkl n 3 THIC. T, &
o 1997 127 . s 288 19
. 1958 885 - 83 17202! RYLV
. 1959 337 21 ) 4305 . 269
! 1960 308 24 ’ 5064 -7 389
1961 —_ —_ : 659 . 44,
1962 — - 1224 ° - 87
1963 L — - ... 6800 . 370
.. 1804 — — o 39()3! ggg
96 — — 12 2 .
. . 1965 3124 o . Qo

} TopGywa pTopoil NOAOBHNEL MACCOBOTO XOAA W KOHLA X014 HE BLLIABIHBAAACH.

KuY: (1) Year (2) Mean catch per seine in Hevel'sk Straits (3) Centners
(4) Thousands of fish (5) Catch of two control barriers on the right
and left shores of the Sound (6) Pink salmon of the second half of the
main run and the end of the run were not caught.

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 My, Ul -and Beshenaya, into which 86 000 pink salmon migrated, 10 times
less than into the same rivers in 1958 (Table 55).

The svawvning year-class of the Amur pink salmon in 1960 was equal
in abundance 4o the average for tﬁe even year—-classes.,

The winter of 1960/61 was very unfavourable for the development of this
year-class, The very small quantity of precipitation in the lower reaches of
the Amur and the low air temperature, reaching —4200 in December and Januaxry,
led to considerable freezing up of the spawning grounds. The losses from
freezing were 50-6C <% in the River My, 51 ¢ in the Samnya end 84 ¢: in the Im.
The downstrean migration of the pink salmon from these rivers was negligibly

small -- only a little more than 2 million young 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 Amur basin together
with the north-wvest coast of Sakhalin, i.e., one-eighth of the parental year-
class. A very small stock returned to the Amur basin, amounting to about

51 000 fish in the Rivers lly, Ul and Beshenaya.

As a result of the favourable conditions of incubation in the winter of
1962/6% a high proportion of the eggs and young fish from this small year-
class survived, and the downstream migration amounted to 22 million fish.
However, the return of adult fish from this progeny 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 RiverAs My, Ul and Beshenaya.

! The :abundance of the odd year-classes of pink salmon, which were in
a depressed state from 1915 to 1935, suddenly rose considerably in 1939, jud-

.O ging from the catches, but later the numbers fell again and were sometimes
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 éentners or 1.5 million fish for
the season. Because of i;reezing up of the spawning grounds in the winter of
1951/ 52 the approaches of the pinlf: salmon in 1953 were very small compared
with these years, and only 8 600 centners or 660 Q00 fish were caught in the
Amur basin. The upstream migration of spawners into the main spawning rivers

was just as sharply reduced (Table 57).

The freezing up of the spawning 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 lowered the stocks of pink salmon in 1955 still
‘ further. The mijretion of the pink salmon into the River Amgun' was cata-

! strophically small. Counting carried out by the Amur branch of TINRO in the
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Occupancy of Spawning Rivers by Pink Salmon in 0dd Years (in thousands

TABLE 57.
of fish) and Downstrean lligration of Young Fish from these Year-Classes
(in millions of fish)
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(1) Year (2) Spavming

(3) Downstream migration (4) Count incomplete

(5) River (6) Samnya (7) Im (8) My (9) U1 (10) Beshenaya (11) Hot
counted (12) Very small.

/<6/



- 150 -
River Amgun! gave a catch of only 83% figh from 133 hauls with a drag seine in
the course of one month.

Since 1955 fighing 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 leest it was not reduced (Table 57), as a result of the very
favourable conditions for development of - the eggé in the winter of 1955/56.

In 1959 the spawning year-class of pink salmon was more numerous than in
1657: as regards numbers of fish, the mean catch per seine in the Nevel'sk
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 coﬁnting barriers more than
14 times higher (Table 56); nearly 6 times more pink salmon migrated into the
River Ly than in 1957.

. The quite numerous syawning year—class of pink salmon in 1959 (according
to figures given by Amurrybvod it was 12 % in the River Im and 30-35 % in the
Rivers Samnya, }y and Beshenaya), beczuse 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 wasg small. Tor example, 10 times fewer pink
salmon migrated into the River Xy 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 spavming population in 1961 took place in
the river period of life of the pink salmon. Jowever, 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 vpink salmon catches off the south coast

of Sakhalin (Shelegova and Lundberg, 1965; Iundbers and Shelegova, 1965).
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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—classes during the period 1957-1965 was unprecedented: about 7 000 centners
or about 400 000 fish, and pink salmon were caught in Rybnovsk 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 ‘o
aerovisual observations by TIFRO, into the rivers of Primor'e (the continental
shore of the Tétar 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 diréction of the spawning migrations
of thé pink salmon near the south-east coast of Sakhalin, the east coast of
Hokkaido, and in Primoi'e. A similar change in the regions of concentration .
and the paths of migration of the pink selmon and chum, on account of a redis-
tribution of the water masses, was observed in.l961 by Frolov (1965).

In certain years with exceptional hydrometeorolegical conditions in the

[

gea the usual direction of the spawning migrations of salmon can therefore be
varied. In such cases the attachrment of individual stocks to the natal

basins is disturbed, as was probably obscrved 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 %)
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, Inm, Ul
and Hy. However, despite this fact, the return of adult fish in 1965 was
small. Only about 400 000 pink salmon migrated into rivers where counting
wag 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, Primor'e and Wesbern 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,
thg Amur stock is the largest. It and the Primor'e stock of pink 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 Primor'‘e was abundant but in -the Amur 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 cvele which occurred in Primorte 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 theée 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 Amur spawning grounds leads to

abundant stocks of the fish in the Sesa 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 yvear-classesof the pinic salmon in the Sea of Japan are abundant they are
forced to migrate into the Amar basin. These examples show that one of the
most important factors determining the abundance of individual year—classes of
Amur pink salmon is the degree of severity of the winters and freezing up of
the spayming grounds. However, the return of sexually mature fish from these
year~classes depends on meny 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 humbers
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, 1953). In different years different factors naturally play fhe
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 salmen along its migration paths is thus more important than it was for-
merly.

Comparison of the numbers of downstream migrants of pink salmon with the
nurbers returning to spawn, given in the above exarmples, sugsests that (other

conditions beins equal) the dowmstresm migration is small if fewer than 50

/9
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million young fish descend from the five monitored rivers of the Amur basin.
This figure is adequate for an aversge level of reproduction of the pink salmon
stocks and for limited commercial exploitation (counting barriers) in Amur
Sound. If the downstream migration exceeds 100 million fish, commercial

fishing of the pink salmon can be permitted.
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IX. PREDICTION OF CATCHES

1. Ilethods and ¥aterial

lMethods of predicting variations in pink salmon stocks have been developed
by TINRO 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 parental 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 ¢’y yielded high catches
of this fisgh in even years and small catches in odd years. The statistics of
the catches reflected differences.in the abupdance of two successive 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.
: Fredictions 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 veriods of four consecutive years.

Since 1651, besides the statistics for catches, data for the number of

adult fish on their way to the spavming g¢rounds heve also been used to predict
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the Amur pink salmon population, and since 1952 the first information on the
downstrean migration of the young salmon also became available for this pur-
pose (the downstream migrants were counted only in the Rivers Iy and Iski).

After the depression of the pink salmon population in the Amur basin
which began in 1950, commercial fishing of its odd year—classes has bsen pro-
hibited since 1955 and that of its even vear—classes has been considerably
restricted since 1954. To keep check on the population of the spavning
stocks of pink salmon every year a single counting barrier is set up on the
right and left shores of Amur Sound. Catches at these barriers, giving

A

some idea of the relative size of the pink salmon population in the Amur basin,

4

indicate the state of, the stocks of this salmoﬁ and to some extent replace
statistics of the salmon catches during its commercial fishing.

Prediction of the size of spvawning stocks of the pink salmon has been
based since 1957 on the results of control catches, the number of spavmers
entering the monitéred 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 during embryonic and larval
development in the bed aﬁd indicates the abundance of individual year-classes
of the salmon. .

In Amurrybvod practice the "coefficient of downstream migration" is

determined (in ¢%) as an index of abundance, using the equation:
N X 100

== Y

1’19'1'

vhere N is the number of dovnstrean wmigrants, n the number of females migrating
into the particular river to spaim (determined assuming a sex ratio of 1:1),
and r is the absolute fecundit&.

From the coefficient of dovnstream migration it is possible to judge the

conditions of reproduction of the population but it cannot be used for predict-

/97/



- 157 -

. ing, for it is not an absolute index, being based only on a sarpling count.

The "coefficient of return', i.e. an index expressing the ratio ﬁetween 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 taggine 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 O to 3 %. The
coefficient of return of the pink salmon in Siberian practice can be taken
conventionally, on the basis of this figure, as 195,  For calculating the
efficiency of fish ﬁatcheries the coefficient of return is also taken to be
1% (resolution of the Technical Council, Minisfry of the Fishing Indusfry 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 the coefficient of return it is possible to predict the size of the
.year-class returning from the sea.

Let us examine the déta 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 cheracter but in most cases they
are concerned with the main district for pink salmon fishing, namely Amur
Sound, with its continental and Salhalin shores, and the lowexr reaches of the
. River Amar 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 pink salmon in the Nikoleevsk (later the Lower imur) District in these

years reflected the size of the Amur spawning stocks, excent in 1933%-1944 vhen,

~bacauvse of the unreliability of the counting, catches obtained on the south-

western and eastern coasts of Sakhalin were 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 et the expense of adjacent
stocks.

2. The period 1953-1965 is characterized by irregular exploitation of
the pink salmon in the Amur basin (vhen 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 éatches in Anur Sound by control
barriers indicate only the relative  abundance of these stocks.

These two periods can be coﬁpared 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 (on the left bank). This information is available
since 1937 and I give it below in Table 58 téget%er with other statistics from
which it is possible to determine the fraction of the contrdl catch,

In years of a very high pinlk salmon population (1938, 1942, 1948) the
mean catch of the counting barriers was 9.0 %~(5.5—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 Imnrovemcnt Stations

Resumption of the work of the fisheries inmrovement stations of Amurrybvod

in 1949 after an interruption of seven years must play an important role in the

/98/
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TABLE 58. Catches of Pink Salmon in the Period 193%37-1952 and the Fraction
of its Control Catch in the Amur Sound

2 Y 1a08Hn

" Jlonst kouTpoabhoro &~

[ o R B Oacceiitie Awmy- },rm_vx KOHTPOIRHLLX ,
pa, THIC. IUT. g-l 32€31KOB, ThIC. IUT. 083, %
£epe
1937 1640 . 448 '
1938 - - 11780 14182 ' 1%(7)
1939 . . 5600 _ 154.0 Y
1940 . 3820 : 239,2 6.3
1941 1510 7880 . 5.8
1942 7600 . 7414 9.7
1943 1380 . - 187 86"
1944 , 4350 1909 4.4
1945 © 790 - 356 45
1946 5330 . 3195 6,0
1947 740 - 164 2.9
1948 . 180 - - 575.8 5.3
1949 1310 1251 95
1950 .80 - 58.1 6.5
. 1951 © 1690 66,3 .39
1952 . 610 R X 59

KEY: (1) Year (2) Catches (3) In the Amur basin, thousends 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~classes of pink salmon in the Amur basin. They supplemeht the statistics
for catches with additionai information on the number of asdult 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 éo cover the spawning grounds of the pink
salmon as widely as possible. Two of them are situated on the Rivers Samnya
and Im in the basin of the River Amgun', 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 vrectical purposes the highest, while that on the
River Ul (flowins into lake Orel!, connected with the main river by a side
channel) covers the lovest of the Amur spawning grounds of the pinit salron;
finally twvo are situated on the Rivers Ly and Iski. ‘Mese stations, as

Levanidov (1065) estimated, monitor abeout 40 <% of the total spavning stock of
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the Amur pink salmon and are essentially counting and observing stations vhere
the adult fish on their way to the spawning grounds and the downstream migrants
ere counted.

On the basis of data for the local distribution of stocks of Amur pink
selmon 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 1840s,
appreciable numbers of pink salmon nigrated 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 GOC, and usually it
was only a few hundred fish. Consequently, the total migration of aduits to
the spawning grounds and the numbers of downstream migrants in the Amur basin
can for practical purposes be judged from three rivers: the Semmya and Im,
to which most of the Amur salmon migrate, and the iy, frequented by the Primor'e
stock. It mast be added to this that it is extremely difficult to count the
spawners in the Rivers Samnya and Im during the spawning migration because of
the distinctive hydrological conditions of the tributaries of the Amgun': high
sumrer flood waters often bresk 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 Amgun'! basin, for instance, the necessary statistics were obtained for the
River Im in only ten years and for the River Samnya in nine years. Visual
counting of salmon pessing through the fences often suffers from subjectivity
and the error is sometimes so great that it is uwnacceptable. This applies in
varticular to the period of the main run when it is physiczlly impossible to
count each fish individually as it passes threush.

Po judge the abundence of pink salmon in the Amur basin it is necessarv
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to carry out a tdtal count of the young fish migrating downstream in the
single channel of the lower reaches of the Amur, a task that is not yet a
practical possibility. Estimation of the dovmstream 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 nmumber of available fisheries improvement
stations is completely inadeguate for the purpose.

The techniques of sampling the rivers and counting the upstream and
downstream migrents 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 numbers 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 the Amur
basin, and 46 ¢¢ of the catch was accounted for by the Sakhalin fisheries (the
Bast Sekhalin, Vest Sakhalin and part of the imur stocks). In 1940 the pink
salmon catchés were reduced by two-thirds, and the contribution of the Sakhalin
fisheries in this case was reduced to 15 ¢. Consequently, the deqrease in the
number of the spawning year-class of pink sélmon in 1940 took place chiefly on
account of the Sekhalin stocks.  Although details of the numbers of pink
selmon 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 szlmon sitocks of the 0dd year-classes reached the hich

level of 1909-1911 and the proportion of the pink salmon catches obtained by
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the Sakhalin fisheries remained just 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 pinﬁ 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 conld not be taken into account
during prediction because of the absence of corresponding biological observa- /lOO/
tions.
In 1942-1645 the actual cabch of pink salmon waé 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 biclogical basis
for its suppordt. The predicted size of the pink salmon migration was parti-
. cularly wide of the mark (by 79 $5) in 1945 when, without any
C:> 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 i942 in Kamchatka (Vedenskii, 1954).
The predicted catch of pink galmon iﬂ 1952 also was unrealistic beéause
it likewise did ﬁoﬁ fest on a relizble basis: the parental year-class wvas
small, only a few fish migrated into the spawning rivers, and information
about the downstream migration of the young fish (about 13 million) was aveil-
: able only for the Rivers Iy and Iski (not the Amur stock), and it could not be
compared numerically vith other years for this was the first time that any
such observations had been made. As a result the predicted catch was con-
‘ siderably creater than the actual catch.

The evidence shows that the predictions of the pink salmon catch in the
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Amur basin were mostly incorrect (Table 59). Strictly speaking they were not
predictions but highly relative data for the strength of the expected year-class.
The technique for predicting salmon catches as it was in 1946 in the TINRO
system was as follows: every year the fisheries reported only the general
state of the stocks and the direction in which the stocks were 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 experimental catch

and on that basis an aporoximate estimate of the possible catches was made .

TABLE 59. Tredicted and Actual Pink Salmon Catches in the Amur Basin in the
Period 1940-1952 (thousands of centners)

)

wlen

=
T'og ] lnpomo3 OTxaouetie

Butaos
' OT npornosa, %/ -

© Daements NpOrHo3a

1940 . 40,0 42,0 - <+ 5

1941 60,0 19,5 -— 67

1942 60,0 83,6 - — 7

1943 44,0 19,2 —- 56

1944 66,0 55,0 — 17

§945 45,0 ‘9,5 — 79 . - : . 7

946 500 . 93 -+ 19 © CraTicTHKa Bbaosa  /

T A N : Ta'rgcrm\a suiosa /.

1948 40,0° 128.5 +221

1949 - sanper & 157

1950 50,0t 12,5 — 75 : Q
1951 60,0 22,0 — 63 CraT. BBUIOBA Hf IPONYCK

195 X o . DITYCK .
1952 20,0 - 9,1 — 55 . Crar. BLIIOBA, NPONYCK, CKAT 7

T Pexomengopannas nop.\la- BLIIOBA (o
KEY: (1) Year (2) Prediction (3) Catch (4) Deviation from prediction, ¢t
(5) Tlements of prediction (6) Prohibition (7) Catch statistics
(8) Catch and escapement statistics (9) Catch, escapement and dovmn-
stream mizration statistics (10) Recormended norm of the catch.

The subsequent period was cheracterized by regular observations on the
misration of the spavmers and the downstream migration of the young fish in
several rivers of the Amur basin. It was a perticularly valuable addition
bocause, instead of statistical information on the pink salmon catches, since
1657 tocuse of the prohibition or restriction of commercial fishing only the

ertehes made at two counting barriers were aveailable.




~®

- 164 -

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-classesin the prespawning period,
prediction of the catches can be reduced to determination of the efficiency of
spavning in each year by counting the number of young downstream migrants from
the rivers. Tith this information in hand, and knowing the age of maturation
of the pink salmon, it is possible to predict the size of the spavming 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 %
or to 2 % for particularly abundant yvear-classes. It was assumed that the
five monitored rivers account for one-third of the spavning stock and that
the intensity of salmon fishing in . Armur 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 on the counting of spawners and the dovmstream
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
spavners 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 liaritime
Perritorv of this fish by the northern Japanese fishing fleet reproduced in
the Arur basin (KXotov, 1957; Semko, 1958), the size of the Jananese 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 larwzer the catch of vink
salmon, the fewer fish migrate into the spaimning rivers and, consecuently,
the lower the coefficient of return. In fact, hovever, according to the
data in Table 60, this correlation is not observed: in yecrs of porticularly
intensive Javanese fishing, when between 6 000 ard 10 COO tons of Amur pink
salmon were caught, 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-classs of 1956 and 1953 and the very high co-

efficient of return for the pink salmon in 1955, the abundance of which

. was small, are stranger still.

PABIN 60. Coefficient of Return of the Amur Fink Salmon from Young Fish
and Fraction of this Salmon Caught by the Japanese

==

~

: L 2 .3 P
Ton ! Koaddnnu- - Shnoncknit | poy 303-' Kosdrdpuwstenr | SInoucwwuii 2
€T RO3BPATA |  BLIIOB, .
BOSBpaTa o ©rRC T . BpaTa RO3BpaTa, % | BBUIOB, TLIC. T

1952 09 - 2,3 ©. 1953 0,5 1,9
1954 6,5 23 ' 1955 93 ‘7,3
1956 T125 7,0 1957 , 1,5 95
1958 2,7 10,0 . 1959 - 100 . 10,1
1960 26 - 6,1 . ‘1961 07 75

EEY: (1) Year of return (2) Coefficient of return, per cent (3) Caught by

Japanese, -thousends 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 was very irregular: in 1952, 1958
and 1960 the intensity of fishing was 50-60 ¢%, hut in the other years, as a
result of the prchibition of commercial fishing, the catch was obtained writh
two countin: barricrs, end their meen fractions for the odd year-classes of 19753-
1661 and for the vear-class of 1954 was 5 ¢, and in 1956 it was 10 ﬂ-of the
stock.

The great variability of the caleulated coefficicnt of return of the pink
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salmon rust 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 TIFRO aimed at determining
corrections to the size of the downstream migration of young salmon by means
of vital steining (Levanidov, 1662a) are therefore of great current importance.
The meen annual value of this coefficient also was determined without inclusion
of the highest values., In that case, therefore, vhy 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
k:? 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 year-classes was unsuccessful,

he fact that the return of the year-classes sometimes correlates to a
slight degree with the caléulated number of downstream migrants is shown by
the comparison given in Table 61,‘where the most completé 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 sectilon
of the work was given by Yu.l. DIapin, Senior Scientific Assigstant at the
Institute of Animal l'orphology, Academy of Sciences of the USSR. : : /103/

The technicue of the investigation was to compare the abundances of

the pink salmon year-classes (determined from cabches of the species by two
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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 vinter. Other
factors studied at the same time included the povulation of the varental stock,
the time of the migration and the veriods of spavning, 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 snow 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 shoved
that the snow cover and winter frosts have & very powerful effect on survival
of the egés 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 with the water supply to the redds.

TABIE 61. Relationship Between Size of Return of Pink Salmon and Mumber of
Downstream Migrants from the Spawning Rivers Im, Samnye, Iy, Ul
-and Beshenaya

2.| Yaomet 18YX .
i Koanwectno IORKL 1BY? . o
-Ton poxaenns i KOHTPOJBHBIX
NOKOJCIHA NOKaTHOM ™MO- 3a€31K0B, I'{pumeuauun

’nom{, MAlL W, TC. WT. 3

1951 11,2¢ 19 : o
1952 5,42 : 0 Vuer B peKax Henomuil 2
1953 12! 0 .
1954 27,512 775 VueT B pexkax Hemoaumit
1955 1,8t - 19 Yyer B peKax Henoausty S .
1956 397,1 1720 Yuer b pekax u yvion uenonnsit

. 1957 6,1 269
1958 44,6 389
1959 10,8 44 .
1960 2,5 87’
1961 122 370 .
1962 29,1 233
1963 70,3 37
1264 . 17,9 318

Y Bes p. Canusn. 7 o . . .
2 bes p. Y. ¢ , o .
I5Y: (1) Year of birth of year-class (2) Iumber of downstrean migronts,
millions of fich (3) Cotches of two counting fences, thousrnds of
ficlo (4) Zeworks  (5) Count in rivers incomplete (6) Count in vivers

and cateh incomplete (7) “dthout River Samnya (8) tithout River Ul
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Fig., 14, Variations in depth of the snow cover (mean for December, Janvary
and February) in the breeding rezion of the Amur pink salmon: 1) Mikolaevslk~
on-Amur, 2) Aleevka, Amur Sound, %) Udinsk, River Amgun'.

Key: (1) depth of snow, cm
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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 Amuwr basin are
uniform. Changes in the depth of the snow cover at three points lying within
the breeding grounds of the Amur pink salmon are shown in Fig. 141. Only in
two cases were the veriations in this perameter asynchronous, and at all the
other twelve the variations coincided completely; it was thus possible to
judge changes 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 chenges (the mean for three months) in the depth of
the snow cover in the region of the River Ampun' is shown in Fig. 15; hese

chenges are compered with variations in the abundance of the year-classes.

1. . -
"he depth of the snow cover was determined by rosts of the Iydro-

reteornlosicnl Torvice in the forest, unler the crovns of the frees.
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In the period from 1936 to 1948 the caotches in even years were fairly high
and the size of the year-classes in the even years &id not fall below 6 million
fish. Txcept for the 1938 year-class, conditions for their pericd of life in
the river wrere 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 winters, the numbers definitely

diminished. After 1946, when there was much snow and an abundant stock of /104/

figh, the dryiwinter of 1948/49 corresponded to a sharp decline in the .
abundance 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 ﬁoﬁulation to diminish,

Therever possible in the graph (Fig. 15) I have given the number of fish
passing through the counting fence to the spawning grounds. Clearly when the
snow was 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 given good conditions for breeding, cannot produce an abundant
progeny and, conversely, even if the oonditiéns for reproduction are bad (1938
and 1958), an abundant parental sgock can produce large numﬁers of young fish.

The temperatures during the winter months (mean for December, January and_
February) vary from -21° to -BOOC and have.no definite connection with the
results of breeding. This lack of correlation must evidently be interpreted
as showing that despite certain fluctuations, winter temperatures are always
1athal to the eggs and larvae of the pink salmon of parental year—classes yhose

redds are inadequately covered with snow.
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Fig., 15.
the Amuxr basin:

Key:

depth of snow, cm (4) year-classes (5) years of catches
(8) escapement of brood stock

did not operate

(7).

count inconplete

t0 spairn, thousands of fish

(6)

Variations in pink salmon catches and depth of the snow cover in
1) catches, 2) depth of snow.

(1) cateh at counting fences, thousands of fish (2) mean annual (3)

stations

Tluctuations in the water level in the river during the migration and

spavning 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

/105/

perieod as regards the results of reproductiondependson their direction. A
! low level during migration and an increase in the level before freezing over
] are favourable for survival vhereas an initially high level, falling later,

s have undesirable effects:  the water supply to the redds is reduced or they

v 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 sitrengthen or weaken - the action of this

factor,
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X : - . \
temperature (at Udinsk) in year of birth of year-class: 1) catches, 2) water

level during run end spawning (mean for July and August), 3) level before

freezing over (mean for September and October), 4) temperature (mean for Decem-

ber, January and February)
water level, cm (2) catch at counting fences, thousands of fish
' mean ermual  (4) air temperature, degrees C (5) year=élasses

Key: )
e
'3 years of catches

Variations in catches of pink salmon, water level of Trivers and air

Tt will be clear from the observations described that abundant yéar=e¢lasses

are usually forumed when the snow cover is deep;
year—classes &5 a rule is much reduced.

26 years have not revealed any significent connection (Table 62) between the

pink salmon ponulotion and the depth of the snow cover, exsressed mathematically

as a tetracloric index (Tlokhinskii, 1961).
The dependence of the return of the pink salmon on the heignt of the

. N ¥ ! e
Jamary end Februory water levels in the River amgun! (Levanldov, 108/2) ds

also ot the border line of significence (x2=3,93) * althouch there is definite
2]

in dry winters survival of the

Fowever, observations over & peridd of
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correlation between these parameters.

o) _

Consecuently, two of the leading external environrmental factors -~ tue
depth of the snow cover and the height of the water level in the spawning

rivers in the winter period, with a direct influence on the survival of indi-

vidual year-clases of the pink salmon and determining the general character i
ot changes in their abundance, -~ cannot be used as basic data for pre-

dicting catches, for significant correlation between them and the return of

the fish to spawn is either absent or almost absent. /106/
TABLE 62,
N . - ‘ . ;
o . i Uncaeunocts rop6ytiit (ya0B ABYX l ;
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KEY: (1) Depth of snow cover (2) Greater than normsl (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 CSrrelation can be foﬁnd between the
size of the norental stock and its progeny.  However, this does not mean
thet the abundance of the parental stock does not affect the catch. Tven
under favourable conditions of reproduction and incubction in 1255, for in-

AL .
‘ stance, o Si

‘li conversely, the abundant parental stocks of 1038 and 1958, despite the dry

(]

11 parental stock could not produce an abundant progeny and,

winter and, »ossibly, the scvere freezing and death ol the year-classes,
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nevertheless yielded a comparatively sbundant progeny (Fig. 15). A large

serental stock, vielding an ahundant year-class under favourable conditions,

H

can also compensate to some extent for unfavourable conditions and mey give
rige to a sufficiently sbundant progeny. This means that abundance does not
only depend on the conditions of development 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 level 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 mirrants (Table 63).

Using the data in Table 61 as the basis, we obtain:

o | Yucnentocts ropbyuin (YA0B ABYX )
. Benuuuna cxata MOAOARH Lt KORTPOJbHBIX 33€3RKOB) T

yeeauueine <7 | ymenuineunels

Bume wopym - . 2 - 1 - . 3 A
Huxce uop:\_xb:"-’) . L —_ 1 i1
= R 2 SRR P n=14

AN e . . . - A . oL e R -

EY: (1) Size of downstream migration of youny salron (2) Above normal
(3) Below normal (4) abundance of pink salmon (catch at two counting
fences) (5) Increase (6) Decrease

The tetrachoric coeificient of correlation

99’ 292 29
Y=y 5931 Ty T2

- s s -2 2 .
end its sicnificnnce U = 14.0 x 0.786" = 8.65, which fully confirms the

sipnificant correlation (0.999 > P > 0.09) between these two factors.
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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 imur pink salmon the principle of prediction
based on the gsize of the downsitream migretion of the young fish and bzsed on
rmaturation of this species at the age of two years is therefore free from
objection.

However, the weak correlation (r = +0.3%9 for 38 cases) between the number
of young dovmstream 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 impdrtant 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 iz 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 galnon in the Amur basin as
a whole. It is at presenf virtually imﬁossible to obtain such information.
Tor this reason, improvement of t@e methods of counting the young pink salmon
migrating dovmstream and the extension of observations to as many spawning

rivers as possgible are of the utmost importance.

5. Ways of Imoroving Prediction

With the considerable differences in the size of the annual spavning
migrations and the very strained state of the rezerves of pink salmon in the
Amar basin in recent yeers there is a particularly urgent need for the rational

s

rlanning 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 imur basin
the following steps must be taken:

1. The network of fisheries improvement stations nusf be widened and
seasonal counting and observation points must be set up to count adult salmon
and young dovnstream migrants;

2. ﬂ“Cdunting of salmon brood stock rust be improved by setting up
counting fences of permanent type, chiefly on rivers where these fences are
regularly broken because of sudden considerable rises of the water level (the
basin of the River Amgun');

3. Counting the escapement of salmon through counting fences must be
changed from visual to automatic;

4. Data obtained by counting spawners and young dovnstream migrants in
the River Iski must be used with very great care becsuse 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 spawning migration;

5. The effect of the number of predators (fishes and mammals) on the
pink salmon population during its dowvmstream migration in the river, in the
region of the feeding migration, and at the spproaches to Amar 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.
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X. TZASURES TO IAINTAIN AND

TUCRIZASE THYS STOCKS
1. History

The profits to be made by the sale of salmon products from Mikolaevsk
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 thrown away because of putrefaction.  The
"rapaciousness", to use Tikhenko's (1915) words, became a usual feature of
the commercial fisheries in the lower reaches of the River Amur and Amar
Sound and was wideswvread 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 Revolution.  The post of controller of fisheries
was set up as a first step in the Depertment of State lesources and was held
at that time by the famous ich?hyologist V.X. Prazhnikov. Cn his instruc-
tions, as Parathin (1923) revorts, the first measures to safecuard the national

wealth of the lrur Te~ion were taxen: the restriction of Japanese fishing in

thie lower rcaches of the Qiver Amwr and in Amur Sound. Rerulations for

/ice/
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the orgahization of fishing also were introduced: <+the fences were %0 be a
specified distance apart, the length of the fences was limited to two-thirds

f the width of the main channel, not more than one trap net was to be fixed

o

to each fence; not more than two seines could be kepf on each fishing place
(except those used by the indigenous vopulation and the peasants) and the
second seine must not be set beforé the first had been hauled in (Ceinemen,
1911). Fowever, despite the measurés edopted, ‘every year the occupancy of
the spawning grounds hy the fish was reduced, especially in the upper parts
of the spavning 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 céme into sharp
prominence and the two-year cycle became established, in which commercial
exploitation was based on the year-classes of even years.

Brazanikov (1920) wrote: "The decline of the Anmur fiéhing industry must
evidently be ascribed .... to a decrease in‘the actual reserves of the salmon,
«eve 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 teken 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-revolutionery 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 Amur Region and the industrial
developrent in the basin. It was also considered that a sharp and consider-
able decrease in salnon catches was due o poaching with various types of

efficient fishing gear and by the large nmumbers of poachers operating in the

/109/
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lovier reaches of the dmur. 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 0dd year-classes of the pink salmon and of the summer chum in
all years was due to human activity. This activity was expressed both as
excessive fishing for salmon and as a deterioration in their spayming grounds
and, consequently, a contraction of the spawning area.

I'easures 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 arveas in waters in

the vicinity of the towm of Nikolaevsk in order to reduce their muber to the

essential minimum. The number of small-scaie fisheries was limited to that

required to supply the needs of the industrial population. TFishing 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 Tikolaevsk or on trur Sound (Rusanov, 1524b).

By 1918 fences had heen replaced by seines for fishing in the commercially
exploited waters near Mikolaevsk gnd a little higher; the number of fences
hed =2lso decreased, and they had been replaced by seines, in the region of
the Amur estuary also, vhere of the 16 unusually efficient fences of Japanese
tyve onlr eirht remained (Bulletin of the Chief Depsrtment of Fisheries and
the State Fishing Industry, Wo. 9, 1923). The numnber of fences which, during
the occupation of ¥ikolaevsk (1520-1522) had been increased by the Javanese to

31, had decreased in 1924 to only four or five, because of the yprohibition of

the use of fences for fishing (:conomic Lilfe of the Far Dast, o, 1 (5), 1924).

2

The following rcsolution was passed ot the Second Provincial Consress of

T
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. the Fishing Population in 1918: "to maintain fish stocks at the required
level, besides the prohibition of barriers, svawning grounds in rivers rmst
be safeguarded as much and as extensively as possible, for vhich purpose
fishing near the mouths of the rivers and in the tributaries of the ‘mux
must be completely forbhidden.!

In 1923-1924 the first suidelines were introduced for salmon fishing for
the commercial enterprises end 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 1life were taken'into account.

The pages of the journal "Byulleten'! Rybnogo Khozyaistva (Fisheries
‘ Bulletin)" were filled in 1924-1926 with elarm concerning the fate of the

<:> Pacific salmon in the Amur besin. Soldatov (1924a, 1924b) proposed standards

for the industry, protection of ratural sparwning, and the widespread undertaling

o
Fy

fish breeding by the cheap and simplified method of I.I. Kuznetsov (breeding

He
o

soil). N.F. Vevosov-Lavrov (1924) spoke of the need for protecting salmon
and in support of the method of breeding salmon in the bed as suggested by
Yuznetsov, To safeguard the salmon stocks and to maintain them at a high
encugh and stable level, Nevosov-Lavrov (1925) and Iuznetsov (1926) sugsested  /110/
that sufficient spavmers be allowed to pass throush to the spawning grounds
and vrotacted against excegsive fishing vefore spawvning, and that excessilve

' salnon fishing be abolished; in other vords, é change to rigid application
of limits to fishing on a wide scale, not only for the local population, but

also for the vrivate and State fishine industry. Althoush I.I. Kusznetsov's

experiments to study incubation of critificially feortiliced salmon epfs in the

beds of spavning streans were unsuccessful, they nevertheless establighed the
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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
Del'KI and DVXKE, which drew conclusions regarding the limitation of sub-
sistence »ink salmon fishing and the prohibition of pink salmon fishing in
the spawning grounds; it also recommended strengthening the fisheries in-
spection. system in the commercial fishing grounds and spawning areas and the
developnent of fish breeding (Tselishchev, 1924)‘, Some of the proposed
measures vere embhodied in legislative docurments of the Far Iastern Revolu-
tionary Cormittee (Dal'revkom). In 1923, for instance, fishing for all
species was prohibited until further notice in the pro-estuarine regioﬁs and
in the channels of the Rivers Kol', Iski, Avri, Lyangrovaya, Charrakh, Chomi,
My, Paltvo, Zubarevka, Kemora, Beshenaya, Anyui and Gorin and in Leke Kizi,
in the pro-estuarine region of the River Amgun! and the tributaries and streams
nearest to its mouth, and also Lakes Orel! and Chlya and the Dal'zhinskaya
Channel (in the River Amgun'), which were declared to be protected (Bulletin
of the Main Departiment of Fisheries, No. 5, 1923). According to minute Wo. 7
of the meeting of the Presidium of Dal'gosplan dated 3 April 1925, pink salmon
fishing was prohibited evex vhere‘in odd years for eight years and salmon
fishing was prohibited in the spawning grounds during the period of spavning.
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 lJo. 4, 1525). The scale of pink salmon fishing to satisfy the needs

of the peasant and indigenous population, es laid down by the provineial govern-

[se]

rent (Yraiisvollom) was 5 million fish (minimum), vhile the annual norm of fish

-
P

thet could bo cousht as food for a single houla~e dov was 250-350 fish (Teonoric

Tews, 1929).
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ts the first measures to restore the depleted stocks of summer svecies
of salmon and %o promote their reproduction, put into effect before the 194Cs,
protective measures aimed at controlling the exploitation of the fish and
protecting them et the spavming srounds 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 NWikolaevsik;

2) The introduction of prohibition of pink salmon fishing in odd years
after 1925;

5) Proteéting the spawning grounds along the main tributaries of the
Amur -- this wos not carried out until 1923 (uznetsov, 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 Facific Ocean Fisheries Station was organized by
the Far-Bastern Devartment of Fisheries in Vladivostok; later it became the

Pacific Ocean Pesearch Institute of Fisheries and Oceanography (TIIRO). This

marked the begimning of the study of the biology of the Far-Iastern salmon.

2. Tundanental DResegrch for Fisheries Improvement ‘easures

Smirnov (1947) sumnarized protective and other measures carried out in

the past and capable of use in the tuture 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 snecification of normel limits for catches can be o useful neasure .

if the established norm is soundly based (does not erceed the actual cateh)

/111/
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and if it provides for reproduction of the fish stocks in larger numbers than
rreviouslys.

Te develovment of {isheries improvement measures is a very complex
problem as regmards the actual wording of the measures, their aims, and their
econonic significance. -

Smirnov regards the results of himen interference with nature as on the
whole beneficial and in ordef to increase the reproduction of the salmon re-
sources in the Amur basin he proposes measures to encourage fish breeding
under natural conditions:

a) to give the largest spawning grdunds the status of reservations and
prohibited areas under State control;

b) to introduce as quickly as possibie the simplest types of improvement
work (cleaning ouh the spawning grounds, side chennels, 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 end to establish normal limits of catches.

TIith the organization of the Amur Brench of WITRO in Xhebarovsk in. 1945
and the establishment of fisheries improvement stations of Amurrybvod 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 fo study the

wav in which its stocks fluctuéte (by analysis of catch statistics,
the study of the hydro-meteorological factors of the enviromment, determination
of the influence of predatory fish and mammals, the study of the local distri-
bution of stocks) and to develop a method of predicting catches.

Birman and Levanidov (1953) showed thaetb:

The nmost characteristic feature of the dynamics of the pink salmon popu~
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lation is an invariable increase in the stocks of one year-class immediately

after a fall in the level of the stocks of the preceding one (and vice
versa);
Alternation 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 spawning stocks, and numerical superiority

over other species of the genus Oncorhynchus;

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-classes, but the result of intensive commercial exploitation.

The important conclusion was 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 (1947) revealed the chief cause of fluctua-
tions in the sbundance of the Amur salmon as the freezing and drying of the
spawhing grounds in winters with little snowfall. The finer detalls of this /112/
problem were investigated later and the position clarified.

Vasiltev (1958, 1959) considers that the cause of death of the pink salmon
(and also of the summer chum) in the esrly stages is not the freezing of the
redds but a disturbance of their water supply as a result of the freezing of
certain parts of the rivers dom to the bottom: the decrease in percolation
of water in the soil in such cases reduced the oxygen concentration in the
redds almost to zero, leading to mess destruction of the eggs and larvae. The
main practical problem in this case is the prevention of freezing. It is
sugrested that this can be done by erecting dams on the river before the ice

forms in order to produce hanging ice, under which no growth of fresh ice can
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talke place throushout the winter, and a steady flow of ground vwater is main-
tained.

Tevenidov (1064a) discovered a direct relationship between the January
water levels in the River incun' (at the village of Udinsk) and the population of
Amur pink salmon and found that the most critical months for the egss and embryos
are Decenber to Februvavry, vhen the greatest fall in the water level takes place
in the spawning rivers on account of ground water depletion, caused by
the low air temperatures and the thinness of the snow cover, e considers
that the depression of the pink salmon stocks which began in 1950 is connected
with ah 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 spayning rivers; on the other hand, the mor-
tality of the pink salmon in the sea is increased because of fluctuations in
the food sunply, changes in the conditions of feeding, or in the numbers and
activity of predators. Levenidov thus explains the fluctuations in the stocks
of the Amur pink salmon as does Kaganovski (1949) and Birman (1957, 1959),
namely by clinetic features.

During their departuré from the nests and dovmstream migration many of

he young Facific salmon are eaten by vredatory fish. The mortality among

the young salmon from predatory fish (young silver salmon and char, adult char)
in the basin of the River Bol'shays on Kamchatka (¥aryrmaiskii Channel), accord-
ing to Semko (1948) from April until the end of July, 1944-1946, was between
52.1 and 84.2 ¢5. These and other figures, as well as the discovery of young
Pacific salmon in the stomachs of the taimen, pike, lenok and vhitefish of the
Amur rivers led the fisheries cénservation authorities of the Amur basin to
vermit unrestricted fishing of these predatory fish in the salmon sparming

rivers.
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. The study of feeding relations between the young salmon and the fresh-

O

water fish of the River Ampun' basin (teimen, pike, lenok, whitefish, ide,
grayling, Arur minnow etc.) led Abremov (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 imgun', 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 (1564, 1965) studied the food relationships between
young Pecific salmon and the freshwater fish and certain diazdromous fish of the
Amar basin and neighbouring districts. She found that:

'1) young downstream migrant salmon.in the rivers of Arur Sound are

eaten by the whitefish, lenok, the spent smelt and the sexually immature charj

2) the malma is most probably a competifor of the young salmon for food; /113/

%) char (malma and Sakhalin char) eat many nuisance fishes and thus
reduce the strain on the feedinz relations between the young salmon and the
freshwater ichthyofauna; the eradication of these fish cannot therefore be
regarded as desirable;

4) the lenok, whitefish and pike eliminate competitors of the young
salmnon for food, thereby improving the food supply for the salmon.

In order to increase the number of diadromous salmon it is suggested
that:

' the chér population be restricted only dufing the dovwnstream migration
of the young salmon by periodic fishing of shosls of these fish at the mouths
of the rivers;

by eavching without restriction the Amur ide, rminnow, end other nulsance

and worthless fish.

@
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Accordine to statistics igsued by Glavamurrybprom, .the great majority
(88 ¢) of marine mammals caught in 1941-1944 in Amur Sownd and adjacent
vaters consisted of seals and beluwas; the mean annual catch of these mammals
vas 1112 and 861 respectively.

The reports by Arsen'ev (1937) and Sleptsov (1952) that pink salmon aré
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 IR0 in the River Amgun! during 1948-1952 (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,pink 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,

. Amar Souvnd and the lower reaches of the Amur River be intensified during
the spawning migration of %he pink salmon and chum, i.e., from June to the end
of September. ‘

As long ago as in 1926 I.P. 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 compésition of the pink salmon stocks in the Amur fisheries district
in 1950-1954 (Znyutina, 1954a, 1954b, 1963) it is now possible:

a) to determine which particular stock the nink salmon belong to when laying
down regulations for commerciel fishing for the fluctuations in size of the
snnwnihm nigrations year by year differ for different stocks and the available

nunbers of each stock are largely independent;
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b) anplying fisheries and improvement measuresin the right
locations, for which the boundaries of the spawning grounds of the
Amur pink salmon itself had to be defined and the preference of this salmon
for particular spavning rivers within the Amur basin had to be established;

c)‘to state categorically that pink salmon feeding and growing off the
west coast of Japan (the west 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 ways of improving predicted catches of this fish, the

Amur Branch of TIIRO has also examined some purely practical problems directly
connected with measures for restoring the stocks of this valuable salmoﬂ.

The main purpose of measures to promote the reproduction of the pink

salmon, in Levanidov's opinion, is to obtain the largest number of downstrean /114/

nigrants., This can be done in two ways:

1) by natural reproduction, which.demands:

a) the laying down of fishing norms so as to allow sufficient salmon to
svawn (35-40 ¢ of the stock of pink salmon in even years);

b) ensuring the optimél concentration of salmon in the spawning grounds
(maximum use of the spawning 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 which periodically
freeze up or whose spavming grounds have become disused beceuse of human
activity in the neighbourhood;

b) releasing annually ﬁo fewer than 400-500 million young salmon from

these hatcheries into the Amur basin.
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Levanidov points out the advantages and disadvantages of natural re-
production and artificial breeding of the pink salmon.

An advantage of the first method is its commarsative cheapness. However,
the possibility of large-scale death of the epss and young fish because of
unfavourable cliratic conéitions 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 steble 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 ié an
effective method, for the stocks cen 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 almost twice those incurred
in breeding the swmmer chum, and considerable funds are reguired for building
a large numbéf of fish hatcheries.,

Levenidov sums up by seying that the pink salmon is a difficult fish for
effective breeding and, on.economic ogrounds, commercial pink salmon breeding
alone cennot be justified, although combined breeding in hatcheries with the
sunmer 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
spaxming oink salmon in chennels of the rivers had been found experimentally
and standards for fish breedins had been established. Small fish hatcheries
on rivers no lonzser available for spawning because of industrial development
in certain districts ncy play a role of some importance in the replenishing

of the salmon stocks, althoush preference is Jiven to the creation of artifiecial
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spavming grounds (breeding in the ?bEd), combined with the obtaining of mature
gspaymers in the river chennels.

The firs+t fish hatchery for breeding swmmer species of salmon in the Amur
basin was built on the River Amgun' 80 km from its mouth, close to where it is
Jjoined by the small wmountain river, the Verkihnyaye Uda. The plan of this
factory was unsound and for many years frequent technical alterations had to
be carried out and the water supply from the river had to be replaced by water
from wells. In 1953 the first pink salmon eggs were put down there for /115/
incubaticn.

Wastage of ezgs during ircubation and of the brood stock of pink salmon
during keeping until attaining complete maturity was very great from year to
year. However, the reason was evidently not merely fauliy techniques of

.keebing the spawners. It was stated as long ago as in 1956 that fish of the
second helf of the spawning mizration are best used for this purpose, for meny
of these fish have & well-marked breeding colour (and ponsequently, they are
more mature). However, so as not to run the risk of failing to put down the

, planned nurber of ezgs 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 migrated into
the River Amur with ill~defined festures of breeding colour. Silvery fish
nigrate in lerge numbers into the River Amgun'! and even into the spawning
River Semnya, where ponds are constructed every year for keeping spavners.
Thig esz collecting point, neavest to the Udinsk hotcheries, is not rezlly
suitable for fish-breeding purooses hecause most of the pink salmon and sunmer
chun, with their cilvery colouwr and their still uwnripe sex products, are on

their vey to the higher spavining tributaries of the .mgun'.
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Experience at the Udinsk factory has shown that breeding summer salmon,

especially pinl salrmon, is a highly complex, expensive, and inefficient task.
Yihereas in Sakhalin, where the spawning riv:-rs are shorter, artificial pink
salunon breeding has bheen used extensively, in the imur basin it will probably
never succeed. In this connection-attention is directed %o the new, improved,
and economically more profitable methods of salmon breeding proposed by A.LL
{ol'gaev and A.P. Ivanova (Kol'gaev and Ivanova, 1960; Kol'gaev, 1965):

incubating eggs and keeping salmon in the prelarval stége in gfavgl with
the use of basic copper carbonate as an antiseptic;

incubating the eggs and keeping salmon in the prelarval staée in field
apparatus.

The buildings suitable for these suggested methods are much simpler and

¢

cheaper than those recuired for existing fish hetcheries and the amount of

labour reguived in cering for the eggs and prelarval salmon is reduced to the
minimum. Ilore natural conditions are created for the eggs and prelarval salmon.
These proposed methods are at present undergoing production trials.

Among the measuvres aimed at increasing the pink salmon stock in the Amur
basin, an investigation was made by the Armurrybvod exvedition in the period
1952-1062 of nearly all the salmon spayming rivers in the lower reaches of the
River Amur and Amur Sound to f;nd out what improvement work is necessary.
The expedition found that in years when the water level is low (1959) the pink
salmon cannot cross the silted mouths of the Rivers Iy, Vakkar, Bol!'shaya and
I'alaya Patiha, Terakanovka, Vaida, etc. I'any log-jams and other obstructions
to the flow of water were found in the channels of these rivers and the expe- |

4
L

dition considered that they were unsurmountable obstacles for fish rising to

the spavning grounds. As measures of improvement it was therefore suggested

§§§ that dredcing be carried out at the mouths of these rivers to remove the
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obstructions and to provide a clear channel.

“Theress measures aimed at enabling fish to misrate 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.
Ve know from practical experience at mechanized improvement stations, for
example, that hydrotechnical improvements in spaiming rivers of‘the eutumn
chum can modify the natural conditions.

After analysing the results of work carried out in the system of the
River Khor, 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~ same conclusion as did Smirnov (1947)
previously.  Levanidov considers that, with the present level of our know-
ledge, it is difficult to stipulate a detailed biological basis for improve-
ment measures ained at increasing the natural productivity of the spawning
grounds, for the natural reproduction of the pink salmon has still received
comparatively little study.

'The formetion of log-iams and other obstructins in the water course of
rivers is & natural phenomenon which was also observed long aso, when the
salmon stocks were still very high. In 211 probability these obstructions,
which will disappeer 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 TINRO
has made considerable effort tp study the problems conneqted with reproduction

of the Amur pink salmon and to develop measures of increasing its ctocks.

£

Invesiirgtions have shown that for the state of the pink s=lrmen stocks in the

A basin to be stabilised the larsast possible number of downstresn misrante
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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
svayning grounds by the fish, the construction of many fish hatcheries, the
catching of predatory fish during the downstream nigration and of predatory
mammals during the spawning migration, and the carrying out of very simple
improvements (dredging the silted mouths of the svawning rivers).

. As a measure common to all the Amur salmon and aimed at obtsining 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, MNikol'skii
(1956) described in precise detail a series of tasks for the fisheries improve-
nent stations of Amurrybvod. The main purpose of these tasks was to ensure
vassage of the snawners 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 downstreamn nigration 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. leasures Put Into Practice and Their Results

To maintain and restore the Amur pink salmon stocks belonging to the
odd-year year-classes, fishing for this salmon wos prohibited in 1925-1937,
and this prohibition was gtrictly observed. Catches of pink salmon of the
0odd year-classes by the Awmur fisheries fluctuated from 1915 to 1923 between
130 000 and 8CO 000 fish, and they incressed considerably (to 3 070 000 fish)

only in 1939, i.e., after scven successive year-classes; the catches again fell




o®

- 193 -
in 1841 to 9%0 000 fish and they have continued at even lower levels in
subsequent years.
tith the 1ifting of certain restrictions on fishing during vartine

Eal

(1941—1945) and 2lso as a result of infringements of certain rules of fishing,

£uan

reproduction of the salmon stocls in the following yesrs vas probably on a
less satisfactory basis. Do improve the rerroduction of the
weak pink salmon year-classes their fishing was prohibited in 1947, 1949 and
1951 in the Amur River, =~ Amur Sound and the Gulf of Sakhalin (report of
Amurrybvod on fisheries for 19 51), but this fe striction of commercisl exploi-
tation had no appreciable effect.

The second depression of the Amur pink salmon population of the odd
year-classes began in 1953 and since 1955 pink salmon fishing has been declared
closed, with a real and considerable limitation on the industry. Sinée.the

time of the prohibition the number of young downstream migrant salmon from
rivers_vhere counting is in operation has steadily increased (Table 57), but
for , four consecutive odd vear-classes the pinlz selmon stocks have re-
nained very low. Undoubtedly pink salmon f1sn1n~ by the Japanese in the Sea
of Japan has had a debrlnental effect. In 1963 the pink salmon population
was much increased, but in 1965 it was reduced again (Qable 56), despite the
unprecedentedly ce downstream migration (more than 70 million young salmon
from four rivers).

“Thereas the increase in the pink salmon catches in the Amur basin in 1239
cannot be atiributed to the vrohibition of commercial fishing, for with the
well-tnovn reridity of maturetion of this species the results of the prohibi-
tion would have been felt much sooner, the appearance of a large number of

pinlk salmon in the Amur basin in 10635 vias definitely the result of the ;reat

Fnd

contracticn of the Japancse salnon fishing activity in the Sea of Japan in 1003

/111/

.
?




another contributory factor was evidently a change in the cycle of pink salmon
catches in Primor'e (since 1963 large migrations of pink salmon heve been
resumed in odd years).

The absence of correlation between the number of young downsitream migrant
pink salmon in even years and the return of the adult fish and the constantly
small numbers of pini salmon belonging to odd Xear—classesare evidence of the
failure of prohibition of commercial fishing. This failure is probably
aggravated by the climatic conditions of the 19503-19608, which were unfavour-
able for survivel of salmon in the sea, and also by the very intensive exploi-
tation by Javanese fishermen of the southern groups of Pacific salmon (to the
south of latitude 480E), vhere the Amur pink salmon also’forages (Kotov, 1957).

Prohibition of salmon fishing in even yesrs gave a completely different
effect. In the verv first spaymning year-class after the prohibition there
was a considerable increase in the number of migrating fish in 1956, and in
1958 the pink salmon stocks were higher still. The success of prohibition
was assisted by the favourable hydro~metéorological conditions in the winters
of 1954/55 and:1956/57. "he next winter (1958/59) was very unfavourable for
the even year-classes of pin& salmon and, as a result, the pink salmon popula-
tion in 1950 fell considerably. The passa&e of a relatively large number of

adults to the svawning grounds in the years of prohibition'of cormercial
fishing thus leads (other conditions being eaqual) to a relatively lerger
dovnstream migration of the young fish ané, consequently, to a larger return

of sexually rmature fish of the dominant year-classes of the ‘mur pink salnon
only, The populstion of odd year-classes of the vink salmon, as practical
cxperience of fishing prohibition has shown, has not been restored. Jo useful
rurpose can thus be scrved by keepin~ the prohibition of pink sclmon fishing

in the imur basin in operation durin~ odd years, year after year, without
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regerd to the size of the downstream wmisration of the young fish of the

{

expected year-class unless this misration is less than the annual mean.

Tloltskil (1952) also considors that efforts to restore
weak year-class of %he vink saloon are unlikely to be successful and that / 118/
measures should be concentrated on increasing the combined size of two con-
secutive vear-classes,

Yethods of restricting the catching of fish (shortening the fence and
nole, prohibition of mechanical devices for fishing and selecting fish from
the pond), as carried out before the Revolution, were of no practical value
and, consequently, were unsuccessful as control measures.

Another measure also aimed at controlling fishing is the specificatibn
of the permitted catch. Attempts to establish norms for pink salﬁon 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 guarantee
the stability of the fish stocks in a given stretch of water. Difficulty of
establishing the fishing duota and the unsetisfactory natufe 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, was "essentially a good idea, but very
mach hard work was required before it could be put into practice."

Later, when the industry had become stabilized, vplanning and linitation
of the nink salmon catch were cerried out. In vractice, ﬁowever, this measure
vas almost completely unsucceséful. laving noted the considerable errors nzde

by WIN20 in 1940 and 1941 in their estimation of the vink sclmon stocks (Table

\An

¢), for many vears, starting in 1943, the fishing industry plenned its cntch
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ag a rule without regard to the poseible fluctuations in the numbers of
individual vear—classes(¢ ble 64), and the recommendations suggested by TIFRO
and its Amur BDranch on the size of the caten were often disregeorded. Mshery
science, in turn, beccuse of the lack of appropriate or sufficiently complete
observations, could not alweys 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.

TABTE 64. Catches Planned by the Lower Armux Trust and ictual Catches of
Pink Salmon in the Region of its Activity, thousands of centners

.} Toa 1943 1944 1945 1046 1947 3 5
1319 1948 1949 1950 52

©2 Nzan 187 600 300 435 — 480 89 7?9,2 l195°r1> l39455

3 Beaos 7.2 332 30 437 27 IOLL 29 83 ' 60 .69

gey: (1) Year (2) Tlan (3) Catch

As Table 64 shows, the planned norms for the pink salmon catch were in
rost cases higher than the actual catches; conducting the industry in this
manner did great demaze to the pink salmon sfooks. Underestimation of the
population of the svewning stocks in 1948, 1956, 1958 and 1963 vrevented the
industry from making maximum use of the available reserves, for a vorking
basis of this kind had not been foreseen.

This section on measures we have just examined is the most complex anc
the least completely studied because it is directly linked with the prediction
of catches. The svecification of norms, like prediction, was complicated by
the recuaption in 1952 of Japenese salmon fishing in the north-vestern paft
of the Iacific Cecean. Ioiscev (1656a, 1056b) points out that the Tneific
salmon sze rore suscomntible to the influence of naturel frctors becruse of
their snecial biolosical features and he enphzsized that the state of the

stocks of these fish is lorzmely dependent on the muwber of fish micrating
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from the sea to spavym, and that in order to maintain and reproduce them at /1197
the renuired level measures airmed in the first place at limiting and controll-
ing ses fishing must be instituted. Kotov (1957), developing lloiseev's
arcument, noted that the coastal salmon fishing industry at the present time
is difficult to regulate properly, because the effect of sea fishing on it
camnot always be determined accuratelv..

Among measures of conservation in the Amur basin, pink salmon fishing is
prohibited iﬁ spavning rivers, fences must be erected not less than a mininum
distance (1.5 km) apart, trap nets must be not less than 2 km apart, and adult
pink salmon must be protected dgring the- spavming migration in the rivers and
at the spawming grounds. In recent years all necessary stieps have been takeﬁ
to increase the degree of protection: <+he 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 sgalmon during spawming in
scheduled waters.

Virtually no improvement measures have been undertaken in the Amur basin,
disrezarding the minor work done by the fisheries improvement stations to re-
nove obstructions in some rivers. In recent years, because of the
low abundance of the spawning stéoks, the spawning grounds have been inade-
guately 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 tirme, in connection with increased solar activity and general
changes in the earth's climete, the conditions of reproduction have been un-

favourable for the vink 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 numbers of Amur pink salmon began to be removed in 1952 vhen the well
equipped Japanese salmon sea-fishing industry resumed 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 (1949-1955).

The efforts of fisheries science have been directed towards the study of
the scientific basis of rational commercial pink salmon fishiné in the Amur
basin. - However, the numerous recommendations on this matier have not yet
been put into practice. The Amurrybvod orgenization has confined its éfforts
to strengthening the protection of the fish during its spawning migration and
to prohibiting commercial fishing of the pink salmon of 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 neighbourhood of
the redds), and since the'oonstruction of a network of fish hatcheries would
involve considerable capital expenditure and cannot be justified at present
(neither methods of obtaining adult spawners 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. Regulation of commerciecl pink salmon fishing rust be placed on a
scientific basis.

2. The simplest improvement measures must be carried out in the vexry

J near fubure: dredsing operations at the mouths of spawning rivers, especilally
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the iy, Vakkar, Bol'shaya'and Ilalaya Patkha, Tarakanovka and Baida. /120/

3. Collective fisheries must be obliced to catch nredatory fish
(malma, Sakhalin char, lenok, whitefish, Amur ide, smelt) in the waters fished
by them during the dovmnstreanm migration of the Facific salmon (from.lS lay 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 & wage scale geared to the size of the catch.

5. Hunting the beluga, a predatory mammal, to be organized during the

—

pink sa2lmon in Amur Sound (June).  Production

spawning migration of the

-

of the necessary equipment for A.ll. Kolgaev's method of salmon rearing, which
is the cheapest, to be speeded up and the method to be used in regions where
the pink salmon spavning grounds regularly freeze up.

Q All the steps listed above are perfectly practicable and no comment is
necessary, excent on item 1, which réquires 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 individuval pink salmon populations. In years particularly favourable
for foraging, when the survival rate of the pink salmon in the sea is high, its
migration into the Anur can be considerable on account of the Frimor'e stock,
even thourh the yrevious downstrean rigration of the amwr pink salmon stock
was low. In other words, the instinct forthe natal river is not always clearly
exhibited by the vinlk salmon as a species. The lack of information at present

on the relative . abundances of the local pink salmon stocks in the Arur

asin makes it difficult to vredict the size of its speavning year-classes., The
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by both the Amur and the Okhof.k stocks of pink selmon depending on the size
of the run.
Yith the existing scale of fish counting commercial pink salmon fishing
in the fmur basin is permissible if the downstream migration of young fish
from.five nonitored rivers exceeds 100 million (the coefficient of return of

the pink salmon from young downstream migrants must be taken as 1 % for the

Armur stock). 4 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 downstream mizration must be regarded as poor if fewer
than 50 million young fish are counted in the monitored rivers; 1in that case
only controlled fishing at two barriers in Amar Sound is acceptable. In
every cese the abundance of the Frimor'e,stbck of pink salmon must be taken

into account.

fundamental line of research for the Amur Branch of TINRO in connection

4

4

with rerlenishment of the pink salmon stocks of the Amur besin is the study of

ways of improving natural reproduction of the pink salmon and the investigation

of biologicel engineering problems concerned with the breeding of this salmon
by the chezpest and most accessible method in the bed and in apparatus with
the use of antiseptics. )

Clarification of the main elements of prediction -- the size of the down-
stream migration of the young fish and commércial fishing for pink salmon in
the sea -~ will enable more accurate predictions to be made of the numbers of
individual &ear—classesof this fish; the induétry can then be regulated on a

scientific basis, an essentisl preliminsry to the rational management of salmon

fishing on the Amur.
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TABTE 18, (See inge 36 of the Russian text) - ,
Glemental Chemicael Composition of the Scale of Verious Species
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TABIE 19.  (Opposite page 37 of the Russian text)
Content of Chemical flements in the Scale of the Chum from Far

Tastern Rivers in 1961, ize 3+ (in ¢ of \sh)
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NOTE ON THE BIBLICGRAPHY

The Bibliography vhich follows is in three parits:
PART A: Tragnslation of the original pages of titles in Russiang
PART B: The original pages of titles in Russian (pages 122-126);

PART C: The original tivles 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
.' E between the two, the titles in 1list B are numbered in order and the corresponding

nunbers are to be found after each title in list A.

Citations in the text are by author and year. A Rugsian 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 Russisn Bibliography in Part B.
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