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The Distribution of yellow-fin sole (Limanda aspera,

Pall) in the northern part of the Pacific Ocean.
by N.S. Fadeev (SakhTINRO)

General distribution

Yellow-fin sole, together with starry flounder and

A

Alaska plaice is one of the most widely distributed Species

of the Pleuronectidae family in the seas of the northern

~

part of the Pacific Ocean. Its general geograﬁhical range
includes all the land-locked seas of ﬁhe north-western part
of the ocean. The southern border along the asiatic coast
is the south—eas£ern shore of Korea (Pusan) and the Japanese
sea-coast of Hokkaido (Norman 1934; Taranets, 1937; Shmidt
1950; Moiseev, 1953), and Lake Vancouver along the American
shore. To the north they spread to the Bering Strait and
enter the Chukchi Sea élongAthe American continent . They
are also widely distfibuted}in the waters éf the facific
Ocean near western Kamchatka, the north and south Kuril

I

islands and in the Gulf of Alaska.

505=200=10~31

7330-21-029-8332

1. Translator's note: Geographical names used in this article
are those used in The Times Atlas of the World, 1959, Vol. 2.
The Times Publishing Co., London. '




2.
According to the data of P. A. Moiseev (1953), the yellow-

fin sole is a boreal Pacific Ocean form, avoiding the cold-water

)
(glacial) and lower arctic areas of the Arctic region. A. P.
Agdriyashév (1939) relates it to the sub-arctic boreal speties
whose basic areal is to the south of the Bering Strait. In ac-
cordance with the classification (Shmidt, 1950) of coastal waters
in the northern part of the Pacific Ocean, yello&—fin sole inhabit
moderately cold, cold and maximum cold waters.

Besides being widely-distributed, yellow-fin sole is also
the most numerous sbécies of the family and forms large, dense
accumulations in a number of areés both to the south and the
north of the areal. It is a most important ﬁart of the soie
industry in the Far East. 1Its distribu£ion in commercial
quantities is, however, irreguiar and sﬁoradic. A number of
separate stocks are known, these are seﬁaréted bx'varyihg
distances and having little communication with each otﬁer. Yellow-
fin sole is a homogenous species, unlike othé} species of the
Limanda genus and related genera which divide into separate sub-
species within the limits of their common range. It does not
have great geogfaﬁhical variability. Individuals from extreme
southern énd nqrthern regions are practically indistinguishable
either by morphometric traits nor by biology (Fadeev, 1965).
Certain differences in biological structure are due to factors
which determine the strength of seﬁarate bopulations.

The aim of the présent article is to clarify the reasons
for the unevenness of the quantitative distribution of yellow-
fin sole and to set out the basic factors which faciliféte the
formation of commercial stocks. This matter has not previously

been specifically examined. Certain observations of significance
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to the environmental conditions, from a number of authors, will be §.4
quoted in the text.
It is necessary, moreover, to organize all knowledge
about the.environmental conditions of yellow=fin sole in the far-
eastern seas. At present, such knowledge is scattered throughout
a large number of articles and other works, thus making it difficult

to get a general understanding of the subject.

Distribution in the seas and commercial stocks

Yellow—fin sole are found throughout the Sea of Japan
northwards from the latitude of Pusan, but commercial étocks are
present only in certain areas. Great concentrations are seen
in Zaliv Petra Velikogo (including the Zalivs Poset and Aﬁerica),
in the northern part of the Tatarskiy Proliv (Aleksandrov bank)
with a clear gravitétion towards the coast of Sakhalin‘§nd in
the ChekhOV‘IlinSk shallows (Cape Slepikovskogo - Cape Lamanon).
Along the sea shore from Cape Povorotnogo.to Fhe Silantev Bay
there are, according to research by TINRO colleagues in 1931 and
1932, very few sole, especially yellow-fin sdle. There are
only individual specimens of the iatter. Near the shores of
Sakhalin, yellow-fin sole form commercial stocks to the north
of the Shirokaya Pad' and in the area from the Cape Lamanon to
Cape Slepikovskogo. According to Japanese sfudies, only isolated
specimens are found (11 fish in 60 hauls) between Shirokaya
Pad' and Cape Lamanon as is the case also, from our data, to the
‘south of the Cape Slepikovskogo. The western coast of Hokkaido
' is also devoid of commercial stocksf In the Zaliv'Petrg Velikogo
in the first years of commercial exﬁloitation, the amount of

yellow-fin sole in catches totaling 100,000 centners was 70Z.



In the northern part of the Tatarskiy Proliv and in,the

' Chekhov-II'insk shallows they constituted 70 - 80% and 30 -
407 respectively in catches of 100 - 120 thousand
centners.-

Yellow-fin sole are also found throughout the Sea
of Oklrotsk except the Shantarskiye Ostrova region, i.e. the
extreme south-western part of the sea, and the middle part
of the Kuril ridge. Commercial stocks are found near the
western shores of Kamchatké and the eastern coast of south-
ern Sakhalin (Cape Terpeniya to Cape Svobodnyi). In these
two regions it forms the bulk of the catch (80 - 90%).
Isolated specimens are found along the entire Okhotsk
coast (from Ayan to Pemzhinskii Zaliv), along the Okhotsk
coast of Hokkaido, along the eastern coast of Sakhalin
northwards from Cape Terpeniya and southward from Cape Svobo-
dnyi. In the'Zaliv Aniva the population inéreases but
is not commercially significant. )

In the Bering Sea there are no yellow-fin sole
along the Aleutian ridge nor, obviously, along the Asian
coast north of tﬁe Anadyrskiy Zaliv. In the Zaliv (gulf)
itself, there are very few. They are found further to the
north along the American coast and even enter Bay Kotsebue
(the eastern part of the Chukchi sea). They occur in com-
mercial stocks in the Oliurtskii Zaliv and in the south~-
eastern part of the sea where they are the object of heavy
Soviet and foreign fishery.

In tﬁe Gulf of Alaska yellow;fin sole are very rare.

In the period of work by the Bering sea scilentific-research

expedition (1958 - 1964), it was not found on either the slope




nor the lower part of the shelf.

‘On the Pacific coast of eastern Kamchatka, yellow-fin
sole exist in commercial stocks in the Kronotsk Zaliv. (Polutov
and Vasiliev, 1959; Khrapkova, 1959), and in the Avachinskii
and Kamchatka Zalivs. Southward from the Avachinskii Zaliv, the

population decreases until along the pacific coast of Paramushir

island only isolated specimens are found. On the other hand,

the population increases eastward from Shumshu Island (Legeza, 1959).

Environmental conditions of yellow-fin sole

Temperature. The hydrological regime of the far-
eastern seas, including the regions with commercial stocks‘of
vellow-fin sole, is characterised by a clearly-defined seasonal
variation in thermal conditions. The temperature of the sur-
face layer d;ops below zero in winter and increases considerably
in summer. In certain areas of all the_far-eastern seas, there
is a well-developed layer of residual winfer cooling which keeps
the temperature low, or even below zero, thro;ghout the entire
summer season. This is ﬁarticularly true of the Sea of Okhotsk
and the Bering Sea. This common feature also fully applies to
the Zaliv Petra Velikogo, which is inhabited by the southern-
most population of yellow-fin sole. The hydrological regime of
the gulf (zaliv) and the waters near the-shore is determined by
the interaction of the North Japan (coastal) and South Japan
(Tsushima) currents and also by the climatic influence of the
huge north-Asian continent (Leonov, 1960). The South Japan cur-
rent passes close to the eastern shores, so that the Zaliv Petra

Velikogo is considerably colder than regions of the southern

part of the sea which are of similar latitude. Isotherms of
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surface layers of water extend with a great inclinaEion from
north~east .to south-west. In the fall-winter season the sur-
face layers undergo intensive cooling, ice is formed and the
circulatién of the waters of the gulf increases. In connection
with this, the temperature of the layer of water from 0 to 150 -
200 meters is below zero (0 - 1.5 to -1.7°). This cooling does
not include the open waters of the gulf, especially in the
Askol'dovsk bank area, where a positive homotherm (+1.10) is
observed in winter to a depth of 280.meters. Towards March,
however, the cooling spreads to 235 meters and on the Askél'dovsk
bank the temperature of the benthonic layers falls to -0.2 to
-0.5°. In deeper layers, above-zero temperatures are main£ained
(Moiseev, 1947). It is in precisely this region that the most
of the sole, including yellow-fin sole, spend the winter. Thus,
wintering in the Zaliv Petra Velikogo takes place at né;r to
sub~-zero température (0.2 or 0.50). In summer during the spawning-
foraging period, yvellow=fin sole live mainly in a temperature of
0.5 - 12° and above.

In the northern parts of the Tatarskiy Proliv the winter-
ing regions are not known. It may be assumed that sole winter at
the top of the channel,-reaching the north by way of ledges. A
200-meter isobath reaches latitude 49° 30' and its crest heads

towards the Velikaya Pad'. The layer of winter cooling is more

strongly developed here than in the Zaliv Petra Velikogo, as a

‘result of which in some years it persists into the summer

season. At a level of 200 meters, winter temperatures basically
remain above zero. It follows from this that wintering takes

place in conditions similar to those in the Zaliv Petra Velikogo.
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In summer, the region under discussion warms up well due to the
shallows and the slow rate of the currents. Data f;pm many
summers show that in places where yellow-fin sole live, the temp-
erature at 25 - 50 meters rises to 8 - 9°, Sole avoid regions
with sub-zero temperatures which sometimes persist throughout
the entire summer period.

Yellow-fin sole, therefore, live in summer in the northern
part of Tatarskiy Proliv at tempergtures from 0 to 8 or 9° and
even higher. -

The Chekhov-II'insk shallows are more greatly influenced
by the Tsushimo current than the two regions discussed above. The
sole, therefore, live here at somewhat higher.temperatures, esp- p.6
ecially in winter, As a result of reseérch already conducted
(Fadeev, 1963), it has been established that in the area being
studied mature fish undertake usual seasonal migﬁgtionég while
some immature fish remain for the winter in the shallows. Judging
from an analysis of the migrations of sole to® coastal waters,
wintering occurs on the slobe at Cabe-Slepikovskogo. Although the
temperature range in the shallows has the same sharp seasonal
fluctuations as'the.other regions of the Sea of Japan, winter
temperatures here rarely fall below 0°. In most cases they vary
from 0.2 to 1.5 and 2.00, as in most southern areas (southwards
from Cape Slepikovskégo). According to the data of many years,
.the temperature at a level of 200 meters, even in March is 1.2 -

°, Mature sole winter at roughly the same readings for ben-

2.1
_ thonic temperatures. In the spawning-foraging period, isotherms
at depths of 25 - 50 meters change their angle and pass‘almost

parallel to the coast-line, with some breaks where cold, deep waters

emerge., In summer, therefore, sole live at the same temperatures
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‘as on the Aleksandrov bank, i.e. within the limits 0.2 - 100.

The'temperéture range for the coastal water; of south-
west Sakhalin (southwards from Cape Slepikovskogo) is determined
by the Tstushima current more than is the case for the northwest.
Tﬁe absolute values for temperatures here are therefore somewhat
higher in ﬁoth winter and summer. Nevertheless, seasonal fluc-
tuations are just as marked as in other regions of the Sea of
jépan. The temperature in the coldest month - March - at a level
of 50 meters varies from 0.2 to 4.40; at 100 meters from 0.6 to
5.60; and at 200 meters from 0.7 to 4.4°. In summer, July - August,
it is respectively 1.5 - 12.3%; 1.0 - 7.4%; and 1.3 - 5.7°, i.e.
it varies over approximately tﬁe same range as in more northern
parts of the western coast, excluding the lower limits of these
readings.

Let us now examine the hydrological condifions in those
regions of the Sea of Japan where there are few sole. The hydro-
logical regime of coastal waters of the sea-shore show great
similarity with the Zaliv Petra Velikogo although there are de-
finite reservations about the more northerly area. The surface
layer of water, to 200 meters, cools rapidly in the fall-winter
period to sub-zero temperatures. As in the Zaliv Petra Velikogo,
the lowest temperatures and the greatest depth of these temp-
eratures occur in March. According to observations from many
years, temperatures in April at levels of 50, 100 and 200 méters
fluctuate Between -1.0 to 3.60, from -1.0 to 3.0 and from 0.7 to
1.5 respectively. Because of climatic pecularities, spring warm-
ing begins later, but, towards July, sub-zero temperatures disappear
completeiy at all levels and temperatures reach a maximum in

August - September. In July - August at a level of 50 meters, the
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temperature varies from 0.4 - 15.50, i.e. as far as the absolute
_values of temperature are concerned this region is little dif-
ferent from the Zaliv Petra Velikogo and the northern part of
the Tatarskiy Proliv.

The temperature range in the shallows near the north-
westernh coast of Hokkaido are similar to conditions in south-
west Sakhalin both in absolute values and in the pecularities of
annual change. Differences which do exist are not vital and
cannot have a great effect on the bottom fauna. In spite of
this, there are very few sole here, eépecially yellow-fin éole.

It can be seen, therefore, that the absolute temperatures
of the water in regions containing large concentrations of yellow-
fin sole, and in those where there are few of them, are practically
the same.

The annual changes in temperature are characteflstic of
two types of fegions inhabited by sole. In one of -them, in the
cold period of the year;, the water temperatur; in the shallows
falls below zero, while in regions of the second type it retains

an above-zero reading throughout the whole year. They have in

pP.7

common a sharply expressed seasonal change in temperature conditions.

Yellow-£fin sole are able to form commercial stocks in regions of
both kinds.

A characteristic pecularity of the hydrologic regime of
the Sea of Okhotsk is a layer of cold water at an approximate depth

‘of from 50 to 150 - 200 meters (Shmidt, 1935; Ushakov, 1934, 1953),

in

" which the temperature never rises above zero (a layer of "permafrost').

This pecularity is most characteristic of the Sea of Okhotsk where

it washes the eastern shore of Sakhalin, particularly the Zaliv
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Terpeniya and the Starodubskii region. Because of Ehis, two’
. zero isotherms pass through the benthonic layers - the coastal
and maritime - running along the continental slope. Parts of
the shalléws between them are covered with a layer of winter
cooled water which has sub-zero temperatures the year round.
The position of the coastal zero isotherm changes according to
season. Its greatest distance from shore is reaéhed in Sept-
ember. In the coldest season the entire mass qf water from
the surface to 200 meters has below-zero temperatures. At
present we do not knéw where the yellow—fiq sole, which ig
summer live in the Zaliv Terpeniya and the most southern coastal
waters, spend the winter. From indirect data it may be as-
sumed that sole from the Starodubskii region winter on the slopes
of the Paleopornaya Canyon, ané sole from the Zaliv Terpeniya
to the north-east of it, on the slope. Wintering.appar;ntly
takes place at depths of more than 200 meters, i.e. at.temp-
eratures close to 0°. 1In the second half of ﬁay, yellow-fin
sole emerge first to the upper part of the canyon (depth 100 -
200 meters) where they live for about a month at negative temp-
eratures (0.8 ; 1.5), Sole from the Zaliv Terpeniya emerge onto
the southern part of the Tyuleniy Island plateau but they do not
stay here long, migrating further to the north-west along the
coast. They live in June at a temperature of from -0.5 to 2°.
It follows from this that yellow-fin sole at the eastern coast
of southern Sakhalin live in winter at cloée to 0° temperatures
and that the cold layer of water is not an obstacle for spring
‘migration to the shallows. In summer the coastal water; warm up

well and the zero isotherm goes a considerable distance away from

the coasts.. Together with this, there occurs an expansion of the
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summer areal, of which the thermic limits are limited by
isotherms to between -0.5 and 16°. The maximum conéentration
of sole cccurs with the temperature in the benthonic layer
at 1 - SO; i.e. within the same limits as in the Sea of Japan.

The same factors that determine the thermic pecularities
of the whole Sea of Okhotsk also affect the hydrological regime
of the north-eastern part of it near the western coast of
Kamchatka where the richest sole banks are found. Here also
is a cold layer, and underneath it a.layer of warm ocean water.
The regime of this region, however, is greatly affected bé the
oceanic water which penetrates through the Kuril Straits. These
waters are distributed along the deep-water channel of wesfern
Kamchatka and flow simultaneopsly onto the adjacent shelf.

Near southern Kamchatka, therefore, only coastal waters no deeper
than 25 - 50 meters drop to sub-zero temperature in winter.

Further out to sea there are water masses with a higher temperature
- up to 1.5 - 2° in the benthonic layer. As the chilled layer
moves north, however, its width increases and in the region of

Capg Khariuzova reaches the lower borders of the shelf. Thus,

from approximately 53° latitude a cold intermediate layer persists,
to the north, at levels from 75 to 150 meters (Gordeeva, 1953),

but not to the south. Some years the temperature of the cold in-
termediate layer reaches 0° and even has positive readings. There

have been occasions, however, when the layer of residual winter

‘cooling is more develéped and occupies an expanded area from

Cape Khariuzova to the Ozernaya river at depths ranging from 50
to 220 meters. The same great changes in the hydrologiéal regime
are observed in the cold season when the whole of the shallows

from the latitude of Ozernaya river to levels of 200 - 250 meters

p.8
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are chilled to sub-zero temperatures. Thus the hydrological
regime at the western coast of Kamchatka is not particularly
constant. This has its effect on the distribution and behaviour
of'yellow;fin sole.

According to Moiseev's data (1953), yellow-fin sole '
near western Kamchatka spent the winter, depending on the hydro-
logical conditions, in isobaths from 100 to 250 meters at a
wide range of temperatures, -1.5 to 1.00, with maximum concentrations
observed where the temperature is close to zero (-0.5 - +0.5).

I. A. Polutov (1960) observes that wintering occurs at'depkhs
from 150 - 300 meters depending oﬁ the latitude of the area.
Massive accumulations are usually seen at above-zero tempefatures.
Polutov writes that yellow-fin sole are‘sometimes encountered in
commercial quantities in water.of sub—-zero temperature (—1.50)
and that the low temperature has no effect én the.numbe; of them,
In the summer beriod yellow-£fin sole on the western Kaﬁchatka
shelf are seen at temperatures from - 1.5 to the very highest
near the shore (10 - 120). Maximum concentrations are seen at

1 -5 or 6° (Moiseev, 1953), i.e. at approximately the same
temperature as.ih the Zaliv Terpeniya.

Tﬁermal conditions in the north-western part of the
Sea of Okhotsk are extremely severe; the decisive factors are
the great winter cooling, shallowness, and the insignificant
influence of warm.oceaniq waters. There 1s a covering of ice
which lasts seven monthé or more (iesnov 1960). In winter, sub-
zero temperatures (-0.25 to —1.70) may extend to a depth of
600 meters, while the influence of oceanic waters is séércely
noticeable. In the warm season the cold intermediate layer is

absent only in the coastal zone, and from é depth of 30 - 40
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meters the whole north-western part of the sea is tqken up
with water with temperatures of -1.5 to -1.7°. All of this
makes the northern part of the Sea of Okhotsk an unsuitable
place for-mbst bottom and demersal fish to live in (Moiseev,
1953). For this reason, the bottom fauna, including the

gpecific composition of the family Pleuronectidae have a typi-

cally Arctic character. Six kinds of sole are met here (four
kinds near the Shantarskiye Ostrova). These are breeds peculiar
to the arctic and sub-arctic areas of the Arctic region (Pleur-

onectes glacialis, P1l. stellatus, Pl. quadrituberculatus), and

some from the group of "glacial" breeds (Hipposlossoides elassodon

robustus). Yellow-fin sole, belonging to the large group‘;f

Pacific~dcean boreal breeds, is met in only small quantities but

is not found at all in the extreme south-western part of the sea.
Thermal conditions near the eastern coast, of Sékhalin

(northwards from Cape Terpeniya) are more -favorable to the existence

of bottom fauna., The specific composition of the sole population

is considerably richer here (12 kinds) and includes representatives

of the northern-boreal species (Limanda punctatissima proboseida,

Lepidopsetta bil. bilineata) the Sea of Okhotsk -~ Bering Sea species

as well as the moderately-boreal Sea of Japan species (Glyptocephalus

Stelleri, Cleisthenes herzeusteini, Acanthopsetta nadeshny{\and even

the southern-boreal (Verasper moseri). The chilled intermediate

layer near eastern Sakhalin is less thick and in summer is from 40 -
50 to 190 - 200 meters. In its hydrological character this region
- occupies a middle positioh between the north-western part of the

r

sea and Zalive Terpeniya. Nevertheless, yellow-fin sole are not
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encountered here in large quantities.
A

In the zaliv Aniva the winter chilling occupies the whole

of the water, with positive temperatures occurring only at Cape

Kril'on. In the spring-summer period the gulf warms intensively

and the sub-zero temperatures at the bottom disappear completely,
althoygh some years they may persist even in June. In August at
depths of 25 - 56 meters the temperature will va;y from 0.5 to 10°.
| More favourable conditions for sole are found off the
north-west coast of Hokkaido, where, in most cases, there are no

sub~zero temperatures. About 21 species of the genus Pleuronectidae

live here, with a preponderance.df the southern-boreal Sea of Japan
species. In the Zaliv Aniva and near the‘north coast of H;kkaido,
however, yellow-fin sole are found in sﬁall quantities and have no
commercial significance.

In the Bering Sea, yellow-fin sole-are expremei} numerous
and form large stocks in Zaliv Olyutorskiy. The speciés composition
of the sole population, however, is conéidera%ly poorer than in
the Sea of Japan or the Sea of Okhotsk.

ﬁinter chilling in the south-eastern bart of the sea occurs
only in coastal waters and reaches a maximum in April - March. The
benthonic.zeroiisotherm passes through at this time at a depth of
no more than 100 meters, but in most cases only layers of water
to 60 - 80 meters aré chilled to sub-zero temperatures. Nevertheless,
there is a very distinct fall migration to the lower part of the
shelf and onto the slopé by both sekually mature and immature in-
dividuals. It occurs, moreover, in the period when winter
chilling embraces only the highest levels of thevshelf.r A sexually

mature fish winters at a temperature of 4 - 6° at the beginning

p.9
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.of December and at 3.5 - 4.5 at the end of the cold period
.(Apfil). Séxuallyvimmature fish winter at 3 - 5° a;d 0.5 -

2° respectively., In April - May sole migrate to the shallows,
but, sincé the water temperature on the shelf at this time is
sﬁill below zero, they are found in commercial quantities at
a.temgerature from -1.5 to +3 - 4°. Maximum concentrations are
observed between —-0.5 and +1.5°, Thus, Spring migration is to
a place with lower temperatures. Sole concentraté in summer in
areas where the layer of residual winter cooling is more deve-
loped. Maximum concentration occurs within the wide range from

® to 10 - 11°. The biggest catches are usually taken when the

0
temperatures in the benthonic layers are from 1 - 6° (Fadeév, 1965).
The quantity of yellow-fin sole decreases northwards from the
latitude of the Pribylova Islands. In the region between Nunivak
and St. Lawrence Islands they are found in relat%yely small quan-
tities, and are mainly immature fish. The layer of residual winter
cooling is considerably more developed here and touches the bottom
over a wide area. In the warm period, sub-zero temperatures persist
for a long time. This fact, together with the great distance from
the wintering grounds explains the relatively small number of
yellow-fin sole here (Fadeev, 1965)f

Near the Bering Sea coast of Kamchatka yellow-fin sole are
found in considerable quantities in the Korfo- Karaginskiy region
(Khrapkova, 1961), and especially in the Olyutorskiy Zaliv.(Polutov,
1960). These regions are colder than the south-eastern part of
~ the sea, but the layer of winter cooling is not so greatly developed
as in the nérth—eastern part. In some years it may be entirely

absent or envelope only a small layer of water. As a result of the
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considerable cooling, the water temperature of surface layers

in winter falls below zero to a level of approximat;ly 150 -

200 meters. Below this is a warm intermediate layer of water with
a temperature of 3.5 - 4°, The cold water mass warms up quickly
iﬁ spring, but even in June may retain sub—zero temperatures at

20 - 30 meters.  According to Polutov's data (1960), sole winter
in the central part of the Olyutosskiy Zaliv at depths of more
‘than 100 meters and at temperatures above 0° (to 2.50). In summer,
sole live in thermal conditions which are usual for the species

(1 -8%.

Stocks of yellow-fin sole northeast of Cape Olyutorékoye
are apparently non-existent, the fish being found here only in
non-commercial quantities. The further one goes to the north-east
the more severe areithe climatic conditions, the cold intermediate
layer extends to the bottom, becoming a cold "basement'™, and
occupies an expanded area in this part of the sea (Leonov, 1960).
This makes the north-eastern part of the sea unsuitable for a
many bottom fish, including yellow-fin sole.

In its climatic pecularities the Andyrskiy Zaliv has many
of the features of arctic seas, There is a covering of ice from
November through June and even to the middle of the next month
i.e. more than seven months. Because of this, the so-called
Anadyrskiy =zoogeographical barrier runs along the southern limits
of the Anadyrskiy Zaliv, (Andriyashev, 1939). It for this reason
that yellow-fin sole are distributed further to the north along
the American coast than the Asian coast.

‘In the Pacific Ocean coastal waters near eastern Kamchatka

and the horthern Kuril Islands (Paramushir and Shumshu), yellow-£fin
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sole are found everywhere, but massive concentration?Aare formed
only in the Kronotskii and Avachinskii Zalivs where they form as
much as 70% of the total catch (Polutov and Vasil'ev, 1959).
They are found in insignificant quantities in the Kamchatka Zaliv .
(from the data of N. V. Khrapkova, 1961), and near the northern
Kuril Islands.,

The hydrological regime of this entire reéion has much
that is general. Let us examine it, for instance, in the Kronitskii
Zaliv (Gamutdilov, 1959). 1In winterAthe coastal waters cool in-
tensively to sub-zero temperatures. The cooling embraces éhe entire
shelf to its lower limits. In April - May the cold layer begins to
erode, both from the effect'of warming and from the approac£ of
ocean waters through submarine canyons. 1In May the coastal zero
isotherm lies in isobaths at 10 - 30 meters, and the marine zero
isotherm is at approximately 200 meters. The latter apgfoaches
closest to the shore in the Central Canyon.region (Kanaev, 1959)
and in the region of Cape Shipunskoe. 1In summer the layer of re-—
sidual winter cooling warms to above-zero temperatures, but in some
years it does retain sub-—zero readings. In 1955, for example,
negative temperatures sbread from a level of 75 meters to the lower
levels of the shelf and in 1956 the whole continental shelf contained
water with above-zero temperatures (Polutov and Vasil'ev, 1959).
The depth to which benthonic sub-zero temperatures spread in winter
also changes from year to year from 90 - 100 to 200 meters. Near
the north-eastern coast and the northern Kuril Islands the layer of
winter cooling extends to 100 - 120 meters. Even in April the
temperature in the shallows is below zero, changing to ;bove Zero

in June (Kuksa, 1959).

In accordance with the hydrological regime system described
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above, yellow-fin sole which winter at 100 - 200 meters live at
temperatures from -1.4 to 1.2°. When there is more‘intensive
cooling they move to still greater depths (Khrapkova, 1959, Polutov
and Vasillev, 1959). In May, the Spring migration to the shallows
begins. In this period, sole live at a temperature from 0.8 to
1.20.' In summer, the 2° isotherm is the limit of their distribution
although they are encountered at lower temperatures., The position
of this isotherm determines the summer distribution of sole at
different depths. The greatest concentrations are observed where
the temperature is ffom 2 to 6 - 8°.

From the above material it can be seen that the thermal
processes in the vast expanses of the northern Pacific Oceén which
are within the areal of the yellow-fin éole are, generally speaking,
much the same. The only excepiions are those regions where the
effect of the oceanic water is weakened, aﬁd, at the same time, the
effect of the very cold continent is strengthened. In the warmest
regions, however, where the effect of the océhnic water is strong,
seasonal variation of the thermal regime is quite distinct, with
considerable fluctuation one way and the other. The above material
proves that yellow-fin sole in the whole areal of its distribution,
including the regions where they concentrate, live in similar
thermal conditions. The absence of a layer of winter cooling is
no obstacle to the férmation of massive stocks. These are absent only
where the hydrological regime and climatic conditions are typically
arctic, resulting in a considerable shortening of the vegetation
beriod. A feature of these areas is the depletion of bottom icht-
hyofauna, including sole. In the course of the year,_yéllow—fin
sole live and form commercial stocks in a wide temperature range: in
winter from -1.5 to 50, and in summer from -0.5 to 10 - 12°. In

the migration period they successfully overcome parts of the shallows

p.
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which have sub-zero temperatures, and in different periods con~-
-ceﬁtréte iﬁto very dense stocks. Yellow—fin.sole,~;herefore, may
be grouped with the eurothermic species which endure considerable
fluctuatibns in temperature conditions., At the same time, yellow-fin
séle concentrate into massive stocks only in certain areas within
the ggneral areal of its distribution. They are not found in areas
where the thermal regime is completely suitable. Thermal conditions,
therefore, are not the single and decisive factor in the formation
of commercial stocks.

Salinity. The salinity of the coastal waters of the Sea of
Japan decreases from south to northj it 1s somewhat greater near the
eastern shores, in the zone where the Tsusimskii current is active,
and somewhat lower near the western shores. The variation in
salinity according to season is quite considerable, but there are
nevertheless no great regional differences in abgplute'ﬁalues.

In the Zaliv Petra Velikogo, salinity in a layer from 25
to 200 mgters varies from 33,81 - 33.13%Q,near the sea coast, from
33.24 - 33.34Z$ in the northern part of the Tatarskii Proliv, from
32,82 - 34.25%q’in the Chekhov-Il'insk shallows, from 32.58 - 34.02%¢,
and near south-western Sakhalin, from 32.76 - 35.93%Z,. It can be seen
that in all regions the variations overlap each other; in the regions
where yellow-fin sole are distribufed, tberefﬁre, there are no
fundamental differences in the salinify regime.

The salinity of the Sea of Okhotsk 1s lower, especially in
the western half where it scarcely reéches 327 o (down to 2470 in
regions where the flow of fresh water is active)., Near western Kam-—
chatka, the salt content varies from 31.00 to 32.7%0 , and in the

Zaliv Terpenlya salinity is less than 32Z° s decreasing to 20 - 247¢o

towards the shore where the flow from the river Poronai has a fresh-
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ening effect. In the Zaliv Aniva the content of salts in the
water varies from 33.00 to 32.927Z o . A comparison of the above
data shows that yellow-fin sole form concentrations in the Sea
of Okhotsk in areas with both high and low salinity in coastal waters.

The salinity of the eastern part of the Bering sea de-
creases from south to north. At the latitude of the Pribylov
'Islands 1t decreases from 33.37% o, which is characteristic of the
Aieutian Straits, to 32.1 - 32.7%7¢. At the traverse of the mouth
of the river Yukon the content of salts in the surface layer de-
creases to tﬁe overall lowest level - 29 - 3074, and at the bottom - p.12
to 31.5 - 31.8%p (Leonov, 1960). Near Nunivak and St. Matthew
Islands the salinity of the surface layer does not exceed .31.4Zo,
and at the bottom - 31.67%p. Thus, in regions where there are massive
distributions of yellow-fin sole, the salt content varies between
31.4 and 33.3%0. A still greater variation occurs in the gulfs of
the Kamchatka coast and adjacent regions of the Pacific Ocean. The
salinity of coastal waters varies in accordante with the penetration
of Pacific. Ocean waters from 32.2 to 34.57,. Salinity here, however,
is always slightly higher than in the eastern part of the sea.

| By generalising the above material, we may conclude that

yellow-fin live under considerable variations in salinity, from that
of a typical sea to water that has been to a large extent freshened
by a flow of fresh waters. Stocks may be confined to waters where
the salinity count is in the extreme limits of its general.readings
' in the areal of its distribution. Salinity cannot, therefore, be
. included in the factors which determine the quantitarive distribution
of yelldw—fin sole? ’

Bottom deposits. The sea bottoms of the Sea of Japan, the Sea

of Okhotsk and the Bering Sea are falrly uniform and the laws governing
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their changes with depth are similar in character.  The following
is the most typical arrangement. Sands are the predominant sediments
to a level of 50 - 70 meters. Gloser to the shores they have
boulder —'gravel -~ pebble mixed in and at greater depths are grad—
ually replaced by large and small aleurites. The two lattef types
of bottom sedimentation is predominant at depths of more than 50
meters. In the area of the contineptal slope exposed bedrock (rocky
bottom) prevails, especially in areas with very steep slopes and
great mobility of water (Skornyakova, 1961). The most widespread
type of sedimentations where they accumulate are small aleurite
silts, which extend to the foot of the slope and even deepgr. This
arrangement of bottom deposits in the a;eal of yellow—fin'soie may
Be subject to considerable regional changes. These depend to a
large extent on the'circulatioﬁ of the watgr masses, the relief of
the bottom and the extent of the devélﬁpment of the continental shelf.
The general léw, however, holds good everYWHere. A comparison.6f the
places where yellow-fin sole concentrate in l;rge numbers shows that
they prefer sand -silt sediment, but do not avoid sandy and silt -sand
bottom. They are seen in lesser numbers in places with clean course
sands, but never form any significant accumulations on gravel or
purely silt sedimenfs. Near the eastern coast of south Sakhalin in
1955, for instance, a total catch of 152.5 thousand centners contained,
on sand -silt sediment, 74.37%7 yellow-fin sole, on sand - 21%, on sand-
gravel - 3.0Z and on silt - 1.7Z. Roughly the same relationship of
catch to sediment was obseryed in the south-eastern part of the Bering
Sea and in the Sea of Jaﬁan (the northern part of the Tatarskiy Proliv
and the Chekhov-Il'insk shallows). The above data show; that yellow-fin

sole can find sediment suitable for the formation of massive stocks

throughout its general areal. Those parts with unsuitable sediment are
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not widely distributed and do not extend in unbroken'stretches
.along the shore. They are contained in separate zones of insigni-
ficant area both inside and outside the areas of large accumulations.
Thé arrangement of sediment cannot, therefore, be the cause of the
irregular Quantitive distribution of yellow-fin sole.

‘The benthos biomass and the size of the shelf.

There are big regional differences in the biomass of the benthos,
including its foddering section, within the boundaries of the general
distribution of yellow-fin sole. In the Bering Sea, for example, the
general biomass varies according to region from 439.0 é/m2 in the
Ardynskiy Zaliv (Belyaev, 1960), to 35.2 g/m2 in the south-eastern part
of the sea (Neiman, 1960). In the Sea of Okhotsk there is.a variation
from 482.7 g/m2 (Gordeeva, 1948), to 231.4 g/mz, and in the Sea of Japan
from 264.0 g/m2 to i13.0 g/mz. In regions with massive,_ concentrations

'oflyellow—fin.sole, the general mean biomass vari;s from 482.7 g/m2
near western Kamchatka to 35.2 g/m2 in the.sogth—eastern part of the
Bering Sea»and foraging part from 230.2 to 29.2 g/mz. Thus, massive
stocks of yellow-fin sole are found in regions where the productivity
of the bottom fauna varies from maximum to the lowest. The same
variation of productivity of food objects exists also in those régions
of all three far—-eastern seas where there are no massive stocks of
sole.

Tﬁere is a direct connection between the width of the shelf,
or the area of the shallows, and the strength of different fish popu-
lations. This can be seen from a direct comparison of the factual data
which show the nature of fﬁe number and area of spawning-foraging areals
of isolated stocks of sole (see table). The correlation between the

area and the catches is considerable, its coefficient reaching 0.99

with great reliability; the coefficient of correlation is also close
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to unity if the areas are multiplied by the value of the biomass.

We have, therefore, to a large extent, a direct interdependence

‘between the size of the spawning-foraging areal (or the general

amount of. forage) and the number of fish. In a number of cases
Table

The area of the spawning-foraging areal, the biomass of the forage
benthos and the average yearly catch of all types of sole for the

first 10 years of fishery.

Region . Area thous. sz Biomass Catch thous,
g/m? centners

Zaliv Petra Velikogo .
(1930 - 1939) 1.8 100 47
Middle part of the

Tatarskiy Proliv

(1943 - 1952) 4.8 113 47
Chekhov-I1'insk shal- '

lows (1920 - 1929) 2.9 85 ‘ 25
Starodubsk . i

(1920 - 1929) - 1.2 ' - 10
Zaliv Terpeniya X

(1953 - 1960) 4,5 180 75
Western Kamchatka

(1951 -~ 1960) 17.0 230 470

The south-eastern part
of the Bering Sea
(1954 - 1963) 200.0 29 1832

a good development of the shelf does not guarantee 1afge stocks.

There are examples where the width of the shelf im regions where there

are no yellow-fin sole is equal to, or greater than it is in places

" where they form commercial concentrations. In some cases the reason

for this is the harsh thermal regime. Such regions are the Anadyrskii
and Penzhinskii Zalivs and the north-western part of the Sea of

Okhotsk about which we spoke when examining temperature conditions.
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The absence of massive stocks of yellow—fin sole in the following
places cannot, however, be explained either by température con—
ditions or by poor developement of the shelf: din the Sea of Japan
near Primor'e, near the western coast of Hokkaido and south-west
Sékhalin, along the Okhotsk coast of Hokkaido, near north-east
Sakhalin and from the oceanic side of Parashmur Island. For example,
the width of the shelf in the above regions of the Sea of Japan,
where there are no massive stocks of yellow-fin sole, is from 9 to
40 miles; and din the Zaliv Petra Velikog6 and the Chekhov-Il'insk
shallows is as much as 37 - 60 miles. The shelf is even more developed
in the Zaliv Aniva and from the Okhotsk side of Hokkaido Island (up
to 100 miles), where its width is considerably greater than in the
Starodubsk region (20 - 40 miles) and near western Kamchatca (in the
middle, 40 - 60 milgs, Gordeeva, 1948). Near the east coast of north
Sakhalin the width of the shallows reaches 60 miles and more, parti-
cularly at the latitude of the Zalivs Nabil', Chayvo and Nyivo. The
shallows are not significantly developed in the gulfs of east
Kamchatka, where there are large numbers of yellow—-fin sole. It
follows, fherefore that although the size of the shallows does determine
the population of yellow;fin sole, the width of the shélf and the
greater or lesser development of the shallows are not necessary
conditions for.the presence or absence of massive stocks of them.
Massive stocks may occur where the continental shelf is weakly de-

veloped, and the contrary may also be true.

Mobility of the water masses and the presence of circular currents.

It is now considered (Moiseev, 1952, 1953, 1958 et al) that all large
stocks of sole are confined to regions with low mobility of water,
a very rugged coastline and constant circular currents. The latter

impedes the pelagic roe from drifting great distances, away from the

p.14
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regions where conditions are most favourable for itg development.
It is believed that spawning occurs, as a rule, in gulfs and bays
and that where the coast line is not very rugged there are no
lgrge spa&ning‘stocks.

An analysis of the above conditions in separate local

regions throughout the general areal of the distribution of yellow-

fin sole shows that the presence or absence of them does not

nécessarily predetermine whether big local populations will be
formed. In the regions where most large stocks live, the coastline
is, on the céntrary, not rugged, there are, as a rule,‘no'gulfs

nor bays and there are constant currents along the coast. This is
the situation near west Kamchatka (Gordeeva, 1948; Leonov;‘1960

et al.) and near the south~east and west coast of Sakhalin.
Evidence of the presence of constant currénts in the two latter
regions can be found in a number of literary sources aéuwell as in
the data of the Sakhalin Branch of TINRO. . In the south-eastern part
of the Bering Sea, where the most abundant po%ulations live, the
céast line has a complex configuration, but spawning of sole occurs
in open parts with well-expressed stationary currents (Natarov, 1963)
and not in closed waters. This is also true for other regions,
particularly for certain wide-open gulfs in east Kamchatka; these
are characterised by coast-lines that are not very rugged and with
fast moving constant currents (Gamutdilov, 1959; Kuznetsov, 196l)f
Spawning in slow-moving waters -~ bays and gulfs-is an exception only

in the Zalilv Petra Velikovo. It follows that the two conditions

above are not responsible for the absence of sole near Primor'e, the

west coast of Hokkaido, near south-west Sakhalin, the Okhotsk coast
of Hokkaido, the ocean side of the northern Kuril'skiye ostrova and

south east Kamchatka. This can also be seen from the fact that the
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coast line along Hokkaido and south-east Kamchatka is very disjointed.

Where there are constant currents along the shores, the
local eddying of water masses or circular currents must become of
cqnsideraﬁle importance for the normal development of pelagic roe
and in preventing it from drifting into unfavourable environments.
It is'in these regions that the drifting roe is collected and
developed until the larvae settle on the bottom. A particularly
good example of this is in the southfeastern part of the Bering Sea
where the presence of a number of quasi-stationary circular currents
(Natarov, 1963) leads to the»accumulation of roe some distance from
the spawning grounds where, because of the absence of producers, p.15
spawning clearly could not take place (Kashkina, 1965; Fadeev, 1966).
Unfortunately, similar data for other local regions is either not in
the literature or is extremely sketchy. In all regions of massive
accumulation, however, the roe and larvae of sole' and other fish
concentrate iﬁ definite regions and are encountered outside them only
in small quantities (Mukhacheva, 1959; Khrapk;va, 1959, 1961 a and b;
Pertseva-Ostroumova, 1961). The distribution of the roe does not,
moreover, as a rule, coincide with the distribution of the spawning
fish, i.e. there is always a greater or lesser drift influenced by
the prevailing movement of the water. It follows that there are local
circular currents everywhere in regions with local pobulations of
yellow-fin sole; these attract the drifting roe and prevent it from
being carried in a mass into regions with unfavourable conditionms.
_This is also true for other fish with pelagic roe. A particularly
'good'examble of this is the-distribution of the roe and larvae of
mintai in the Sea of Japan and the Sea of Okhotsk.

Let us now look at the situation as regards the possibilities

for the development of roe in regions where sole do not form massive
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stocks. A classic example of this may be the coast of the Sea
of Japan. It is known that the speed of the constaﬁt southern
current is fairly high. This has its effect both on the relief
of the bottom on the coast and on the nature of the distribution
of sediment. The coast line is even, there being only a few gulfs
and bays. Nevertheless, according to data of the Sakhalin Branch
of TIﬁRO (manuscript material) coastal circular currents are seen
in a number of places here, especially in the Cape Krasniy Partizan -
‘Bukhta Grossevichi region. A massive spawning by mintai is seen
near the sea shore. - The above-mentioned coast of the Sea.of Japan
has much in common with the open part of the'séuth—east coast of
Sakhalin (the Starodubsk region), where the speed of the constant
southern current is quite fast and the coast line is not very
rugged. Nevertheless, as has already been said, near Primor'ye
excluding the Staroﬁubsk region, there are very few sole despite
the proximity of the very numerous populations og yellow—fin sole
in the northern part of the Tartarskiy Prélivb But once constant
circular currents exist so, thereforg, do the prerequisites for pre-
venting roe from being carried away and for its successful development.
This is still more valid if we take into account the fact that roe
can develop well in conditions of drift, an example of which will be
given below. The absence of sole near the sea coast cannot, therefore,
be explained this way. The situation is the same near the south-
west coast of Sakhalin, the Sea of Japan and Sea of Okhotsk coasts
of Hokkaido, in the zaliv Aniva and off the north-east coast of
Sakhalin., In these regionS'in the spring-summer period a number of
anticyclone and cyclone turbulences, quite well expressed, are
formed in all places. Characteristic in this reépect.is the west

coast of Sakhalin, - the Chekhov-Il'insk shallows and the Zaliv
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Nevel'skogo (south of Cape Slepikovskogo). Because of the presence
‘here of a constant northward current, the circular movement of
water masses near the shore is weakly developed, although it does
exist, being better expressed, moreover, in the Zaliv Nevel'skogo .
(Kholmsk - Pravda - Pereput'ye), i.e. where yellow-fin sole do not
form commercial stocks. Throughout the above region, moreover,
despite the fact that the coast line is not very rugged, there are
either wide open gulfs or else bays in which the immature fish

can develop. It is known that the rate of the current going along
west Sakhalin weakens considerably north of the Cape Léman;n,
particularly in regions south of the Shirokaya Pad'. In the spring-
summer period stationary circular currents are seen here constantly,

near the coasts. Conditions in the regions do not principally

differ from more northern parts. Nevertheless, there are practically

N

no sole here; all those which approach Shirokaya Pad' in spring move
on to the norgh.

Existing data show (Kuksa,Al959) that‘a well-expressed Kuril
current flows along the oceanic side of south-east Kamchatka
and Prarmushir Island. It would appear that the pelagic roe and
larvée of fish which have massive accumulations in this region
must be carried to the south or be part of the general stream of
anticyclone circulation along Parashumir Island. In this case the
roe and larvae would not form significant stocks. In this region,
in fact, large accumulations of the roe and larvae of mintai, Alaska
ﬁlaice, flathead flounder and starry flounder have been found (Muk-
hacheva, 1959). It is interesting to note that in April and May
the roe drifts in a southerly direction and is then enc;untered in

considerable quantities above the ocean depths. In spite of this

the larvae are distributed in roughly the same places as the roe in

p.16
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the first half of the spawning period. Consequently, and in spite

of the constant current, the roe and larvae are not carried beyond

the limits of the region, and successfully undergo all stages

of develoﬁment. This is proved by the relatively large number in
the populations of fish of the above species. It is possible that
there.is a circular circulation of the water masses here which
prevents their being carried away.

An analysis of the above material, which is in general
rather scanty and insufficiently conérete, shows that the uneven
quantitative distribution of yellow-fin sole is not a‘res&lt of
different water movements, the ruggedness of the coast line and the
presence of circular circulations. In the same way their'ﬁumber is
not determined by the presence of conditions which facilitate the
collection of roe and larvae and prevent them from drifting into

regions which are unfavourable to their development.

Submarine valleys and canyons and -the distribution of yellow-

fin sole. Underwater valleys and canyons are a characteristic pec-—

ularity of the submarine topography of the seas of the northern
part of the Pacific Ocean, particularly on the continental slope
and shelf. Many authors have explained the origin of them in
different ways. At the present time, opinion on their submarine
origin is abundant (Lindberg, 1948, 1946, 1955, 1965; Saks, 1948;
Berg, 1958; Zenkevich, 1959 a and b, 1961, et al.). Some of these

valleys, which are particularly well settled in the shelf, are so

‘closely linked with the contemporary hydrographic system that there

is no doubt about their subareal origin. They are the relics of
river and glacial valleys from the last regression of the sea when
there was dry land in place of the contemporary subsidences. This

has enabled G.U. Lindberg to give a clear explanation of the con-
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temporary distribution of typical fresﬂwater ichthyofauna. At
that time the territories of the modern seas contaiﬁed a number
of united and integral river systems which were flooded and isolated
in the following phase, the transgression of the sea. Besides
this, a number of canyons are seen which cut deeply into the slopes
of the shelf but which do not continue and show no visible traces
in the shelf. Some authors are of the opinion that these formations
are also relics of river systems, but there is no uncontestable
evidence of this.

An analysis of the bottom relief in regions with ﬁopulations
of yellow-fin sole show extremely clearly that accumulations of
them are attracted to those places where there are well—de&eloped
and embedded submarine valleys and canyons. Let us begin the
examination with the most numerous populations. In the south-eastern
part of the Bering Sea the shelf of the shallows is cufyby a
large number of canyons, some of which continue into the shelf in
the form of more or less submerged valleys (Kotenev, 1965). The
largest of them is the Aleutian submarine valley which reaches a
depth of 3000 meters and continues into the shelf; this can be
clearly seen in out lines of the isobaths and the configuration of
Zaliv Bristol. Yellow-fin sole are linked with this valley the
whole year round. The strongest winter concentration is found on
its slopes near the Unimak Island and in the summer the sole live
in the middle part and the outflow of the valley. Spring migration
goes with striking exactness along the course of the valley on the

Zaliv Bristol side (fig. 1). To the south of the Pribylov Islands

r
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Fig. 1. Relief of the bottom and the migration of yellow-fin
sole in the south-eastern part of the Bering Sea:
1 - wintering place; 2 -~ areal of summer distribution;

3 - isobaths; 4 - basic directions of migration.

the boundary part of the shelf and the slope are cut by the Priby-
lovaya valley, the upper part of which has a complex formation.

On the shelf it reaches only to the 100 meter isohath and stretches
to the northeast. The next valley ("The Valley of Pearl" ; Dolina
Zhemchuga) is to the west of the Pribylov Islands and is divided
into small valleys from 2 to 20 miles in width. There is no visible
continuétion on the shelf. On the southern sloﬁes of these two
valleys there are winter stocks of yellow-fin sole (Fadeev, 1965),
which sbend the summer in the shallows to the northwest and west of

the Pribylov Islands together with the main part of the population which




»

32f
winters on the slopes of the Aleutian Qalley. The route of
migrations has not been studied but existing data ailow us to
assume their direction coincides with the continuation of the
course of the axes of the above valleys. Further to the north-
wést along the drop-off no large stocks of yellow-fin sole have
been found, despite careful searching. Only occasional catches
have been observed, and these, as a rule, are taken on the slopes
and at the tops of the canyons, which are quite numerous in
this region of the Bering Sea. Thus; the most numerous populations
of yellow—fin sole in the south-eastern part of the Beriné Sea
are very closely connected with the submarine canyons and valleys,
which are, according to Lindenberg, relics of the paleo—Yukon river
system.

Along the western shore of Kamchatka is a well-defined valley
up to 900 meters deep extending in a direction tqyardsiihe top of
the Penzhinskiy Zaliv. It is clearly marked on all bathimetric maps
and serves as a unique channel along which the warm ocean waters rise.
Lindberg's maps show two submarine valleys. The one which starts
near the Onekotan Island and reaches the Krutogorovo traverse in
west Kamchatka is of the greatest interest to us. Both of these
valleys are related to the river system containing all the rivers
of the basins of the Zalivs Gizkinskiy and Penzhinskiy and of the

western slope of Kamchatka. This is the paleo-Penzhina system and

is clearly separated from the river systems of the north-western part

of the sea (Lindberg, 1955). On the slopes of the valley which approach

~very close to the coast of south-west Kamchatka and the northern Kuril

Islands the most numerous stocks of the western Kamchatka population

of yellow-fin sole are found (the Krutogérovskaya, Kirovskaya, Pymtinskaya,

Yavinskaya and other banks). Sole which spend the summer near Paramushir
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follows the shores and can be clearly seen in the Zaliv Terpeniya
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Island and iﬁ the Kambal'niy Zallv also winter on its slopes.
The submarine relief near the south-east coast of
Sakhalin has a complicated structure both on the shelf and on
the>drop—off. The most significant valley is situated on the
Starodubskitraverse (the Paleo-Poronai canyon). At first its

direction is strictly towards the coast, but it then turns north,

opposite the present mouth of the river Poronai. Southward from
Cape Terpeniya the slope is also significantly broken pp,'but

the valley in the shelf along the western shore of the Zaliv
Terpeniya is less clearly defined, but it is there. Betwgen the
valleys extending along the west and east coasts the bottom of

the gulf is noticeably raised and forms a peculiar relic watershed.

It is thought (Fadeev, 1963), that in this region there-are two

L]

poﬁulations of yellow-fin sole, partially independent of each other.
One of them winters on the slopes of the péleqporonai canyon and
migrates in spring towards the shore and then to some extent pen-
etrates info the Zaliv Terpeniya along the western slope. The second
population, more numerous, obviously winters on the drop-off to the
south of Cape Terpeniya. In spring the sole approach the plateau
of Tyulen'yé Island and migrate along the coast towards Poronaysk
spreading widely along the whole gulf. In the period of spring and
fall migrafion the sole are encountered extraordinarily rarely on
the plateau between the valleys. It follows from the above material
that the two populations referred to are linked, in their migratory
habltS, with the two valleys of the paleo-Poronal system, which is shown
on Lindbergk diagram (fig. 2).
The bottom of the northern part of the Sea of Japan is dis-

sected by a narrow, winding valley running closer to the coast of
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Sakhalin. The top of it goes towards the Shirokaya Pad' and it
is here that the 100 meter isobath approaches closest to the coast.
To the south, near Sakhalin and, especially, the Primory'e shores
the isobat£s are even. Only in the region of Cape Slepikovskogo ié
there a canyon, its crest being perpendicular to the shore. 1000, 500
and 200 meter isobaths come closer to the shore here, and it is
precisely here that the largest and earliest arrivals of yellow-fin
sole are observed. Near the Primory'e shore the isobaths are even
for almost their entire length. Only in the region of the Zaliv
Vladimira is there a weakly expressed canyon and there is’no evident
continuation of it on the shelf. On Lindberg's maps submarine valleys
are shown only in the area of this gulf. He relates them all to
the paleo-Amur system. In the Zaliv Petra Velikogo there is a whole
network of submarine valleys which, according to a number of
indications, particularly the contemporary distributionwof freshwater
ichthyofauna, is related to the unified river system of Paleo-Suifun.
Lindberg believes that the northern boundary gf the Paleo—~Suifun system
is the Sudzukh river. In the other regions of the Sea of Japan
northwards from 40° Nf latitude no clearly defined valleys or canyons
have been discovered, Thus the massive accumulations of yellow-fin
sole in the Sea of Japan, as in the Bering Sea énd the Sea of Okhotsk,
are confined to the underwater valleys and canyons of the Paleo-Amur
system (northern part of the Tatarskiy Proliv and the Chekhov-Il'insk
shallows), and of the Paleo-Suifun system (Zaliv Petra Velikogo).
Wintering regions are distributed on the slopes of the canyon, while
the route of the migrations is along the continuation.of their axes on

-

the shelf. It is, moreover, characteristic that in their summer
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Fig. 2. Sketch of the bottom relief and the migration of
yellow-fin sole off the south~east coast of
Sakhalin (symbols are the same'ag for fig. 1)

distributién yellow~fin sole clearly gravitate towards the Sakhalin
shores following the direction of the top of the North Japan channel.
The distribution of sole in the gulfs of east Kamchatka is
also very closely linked with underwater valleys and canyons. This
is particularly graphically illustrated in Korontskiy Zaliv, about
which thefe is a great deal of information. There are three quite
distinct canyons within this gulf: the northern 0l'ga valley; the
central Kronotskiy; and the southern Zhupanovskiy (Kanaev, 1959).
Three independent winteriﬁg‘stocks of yellow-fin sole have been
discovered here (Khrapkova, 1959; Polutov, Vasil'ev, 19595; they are
distributed on the slopes of these three canyons. The routes of

migration are along their axes, and in Spring, on the shallows, the
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first two accumulations mingle while the‘third remains isolated.

Generalising the above material, we may consider it in-
disputable that all known large stocks of yellow-fin sole are
confined té underwater valleys and canyons which relate to the
major and unified river systems.which existed in the past when
the sea receded large distances from the present boundaries. Seen
from this angle, it is easy to explain the quantitative distribution
of yellow-fin sole, which is irregular and intermittent. In actual
fact there are no clearly defined subﬁarine valleys and canyons
near the Primory'e, the south Sakhalin and Hokkaido coast in the
Sea of Japan, in the Zaliv Aniva, near the Okhotsk coast of Hokkaido,
off north-east Sakhalin and the Pacific Ocean coast of Paraﬁushir
Island and south-east Kamchatka. The microrelief of the shelf and
slope is weakly developed like the modern hydrographic sys£em.

There are no major rivers here which couid have been tributaries of
the same river.systems in the past. Exceptions to this are the north-
west parts of the Sea of Okhotsk and the Bering Sea where there are
very distinct underwater valleys. The absence of sole here is
attributable to the harsh thermal conditions, which are almost
arctic. This has its effect on all the contemporary ichthyofauna

of the regions.

The reasons for the localisation of stocks of sole to those
regions which have developed systems of underwater valleys and
canyons - the relics of major river systems from the .past - are still
not clear. It was not an aim of the présent study to discuss them,
particularly in view of the lack of a whole range of data for this
purpose. ’

1t is known that the underwater microrelief of the bottom has

a considerable effect on the general circulation of the water mass and

p.20
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on the extent to which it is agitated. It is possible that these

N
conditions create a definite, favourable environment for sole.
The fact that the route of migration usually coincides with the
d;rection.of the valley, along which the movement of the water also
procedes, would appear to confirm this hypothesis. In a number of
cases,, howvever, migrations of sole do not have much connection with
the seasonal variation of the hydrological processes; as a rule they
precede>them. This is particularly evident in the south—-eastern part
of the Bering Sea. On the shelf here, moreover, and especially on
its lower sections, éonditions'do not make it inevitable Ehat seasonal
agitations should occur. It may be supposed from this that the
spread of yellow-fin sole in the past was in some way linkéd'with the
areas in front of the estuaries of grea£ rivers., Migrations were
formed by the sequence of periédical changes in the borders of the

-

seas and were determined by the submerged river beds.
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