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REPORT ON HYDROGRAPHIC INVESTIGATIONS IN 

ALEUTIAN WATERS AND THE SOUTHERN BERING SEA 

IN THE EARLY SUMMERS OF 1953 AND 1954* 

Seikichi MISHIMA and Satoshi NISHIZAWA 

Faculty oj Fisheries, Hokkaido University 

I . Introduction 

The training s~ip "Oshoro Maru" of the Faculty of Fisheries, Hokkaido Universty, 

has made cruises to the salmon fishery grounds in the northern part of the North Pacifiu 

and the southern Bering Sea near the Aleutian Islands in 1953 and again in 1954. The 

mai~ purposes of these cruises were the drilling of cadets in navigational and fishery 

work, but use was made of the opportunity also to undertake oceanographic and biological 

researches. The r.esWts of the hydrographic investigations are dealt with in the present 

paper. 

In the 1953 cruise the "Oshoro Maru" left her mother port, Hakodate, on 4th May, 

under the command ·of Captain Mishima (One of the authors) having aboard 34 crew 

members, 18 cadets, a chemist, a physicist and two students. During this voyage, on 

18th July there hap{:ened an unfortunate accident that the No. 1 Oiler lost his life by 

the explosion of an air tank in the galley. On account of this unexpected event the ship 

bad to hasten her homeward voyage abandoning the work of the original plan; she arrived 

at Hakodate on 22nd July. The approximate track of the ship and positions of the 

hydrographic stations in this cruise are illustrated in figure 1 whilst more exact loca­

tions of positions are given in Appendix. 

In the 1954 cruise the ship left Hakodate on 25th May and returned there on 14th 

July, the track for this cruise having covered as far as BristGl Bay for practice in crab 

fishery (fig. 1). Captain Mishima and his 34 men, 15 cadets, an oceanographer and two 

students were on board the ship. 

The locations of the hydrographic stations listed in Appendix were decided by posi­

tion line sailing for the 1953 cruise, sometimes by merely dead reckoning under overcast 

sky, while on the 1954 cI'llise the Lo-Ran operation was adopted to get more exact posi­

tions regardless of weather conditions. 

The occupation of the whole number of stations bas taken so long a period, more 

tha? five weeks in the 1953 cruise and more than three weeks in 1954, that the data 

might be not satisfactorily valuable to ascertain the simultaneous features of the hydro­

,graphy in the areas; limitation of studies is also due to inappropriate location and number 

.'of the bydrographicstations because of the unavoidable necessity of carrying out the 
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Fig._ 1. Locations of tr.e hydrographic stations occupied on the cruises of the "Oshoro Maru"to Aleutian waters and the 
southern Bering. Sea in 1953 (shown with open Circles) and 1954· (shown with solid circles) 

Crosses show locations of some stations of previous cruises on Komahashi CK) in 1935 and 1936, Itsukushima (1) in 1935,' Gannet CG) in 1933, Chelan 
C C) in 1934, (: arne gie (Ca) in 1929 and Dalinevastochinik CD) in 1932; the materials taken at those stations on these cruises are referred to in the text. 
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Mishima & Nishizawa: Hydrographic Investigations in Aleutian Waters 

other purPOlOes of _ the cruises .. 

It is a pleasUre to record here a debt of gratitude to Dr. Yoshitada Takenouti.: 

the Director 6f the Hakodate Marine Observatory, for his kindness in criticizing.' the 

present data and in reading the original manuscript. The writers are much obliged :to 

Assist. Prof. Hideto Kotoof the University for his constructive criticism and helpfUl sug­
gestions. They are also gratefully indebted to Prof. Naoichi Inoue. and Prof. Sigeru 

Mntoda of the University for their untiring encouragement and: valuable suggestions through· 

out the course of· the present investigations. 

Particular' thanks are due to Mr. Manichi Toehinai of the' Fisheries Agency, Ministry 

of Agriculture, for his courtesy in providing many facilities for tOO present cruises. 

Thanks are also offered to the crewl1'!embers, cadets, students and other people on board 

the ship, particularly to Mr~ Masaomi Akagawa of: the :Hakodate Marine Observatory, 

for their hearty help during the work at sea. ; Their cordia1:thanks are also due to Miss 

Kyoko 'Shikauchifor her aid m salinity determinations. ; 

II. General 

The whole of the North Pacific above 30" north, as is well known, is dominated 

by the easterly flowing currents. The southern part of these currents carries warm 

Kuroshiwo water of high salinity while the northern part carries cold water of low 

salinity which is formed in successive whirls developed along the line of demarcation 

between the Kuroshiwo and Oyashiwo: (Kurile) Currents, The latter part. ,-comprised of 

so-called Subarctic Water :of the North Pacific, divides into two branches when it strikes: 

the coast of North America; the northern branch turns towards:the north and flows into 

the Gulf of Alaska. ,It, then, diluted and heated in ·the Gulf. returns towards the west 

on tbe southern side of the Aleutian Islands (Sverdrup et aZ., 1942; Sverdrdup, 1944). 

This rerurningflowhasbeen ascertained by several Japanese vessels to continue as far 

west as to the westward of longitude 1800 as has been shOwn in the "Current Chart of 

the North Pacific" compiled by the ;Hydrographic Office' of Japan:in 1936. ' 
. . 

Along the eastern side of the K~chatka Peninsuta and' northern Kurile' Islands, i 
current' of severely cold water of lo~ salinity, probably formed in the pre:::eding wInter 

along'some 'Asiatic coast, flows towards the south or sbuthwest. One part'6fthis current 

moves along the Pacific side of the Kurile Islands and there mixes with the'waterwhich 

lias poured from the Okhotsk Sea into the Pacific through the 'Kurile' Chain.' It moves 

southwest along the sduthern side of Hokkaido Island, foming the s3-called Oyashiwo 

Current. The interme'diate layer of minim~.lIIi Salinity of the North Pacific, which' is 

found down to depths below '300 m over almost the whole of the North ,Pacific except 

the region -of the Sub~rctic Water, is formed. by the subsurface mixing of the Kuroshiwo 
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water from the south with the submerged Oyashiwo water from the north (Uda, 1935). 

Another part of this cold water, on the other hand, thrusts south directly into the Sub­

arctic Water between longitudes 150° and 160° east, and spreads towards the east 

(Sverdrup, 1944). This severely cold water below. 3° is found on either side of the 

Aleutian Islands as far east as longitude 175° west. 

Waters of high temperature and low salinity extend, over the shallow eastern region 

of, Bering Sea especially in Norton Sound and Bristol Bay. In the northern part of the 

Bering, in the vicinity of the Gulf, of Anadir; there originates abnormally cold water 

below 0° due to the severe winter cooling and ice melting. The ,deep portion ,of the 

Bering, however, i~ o~pied by a water mass which is very much similar to the Sub­

arctic water of the North 1?acific. The general circulation of water in, the Bering is 

counter-clockwise, and the sballow w~ter from thePa~ific pours into the Ber~ng through 

any of the channe~s betwee!l the ,Aleutian Isla:1ds and sets east parallel to the chain, of 

the Islands on the north side of it. In the eastern part of the Bering, waters moves 

north or northwest following the bottom contours of the eastern Bering. The warm 

water of low salinity found along the Alaskan coast moves also towards the north. 

These currents pass through the Bering Strait and finally pour into the Arctic Ocean 

(Barnes & Thompson, 1938; LaFond & Pritchard, 1952). 

III. Temperature and Salinity 

Vertical Distribution ,. 
The values of temperature and salinity obta~e:l in the prese:lt observations in, 1953 

and 1954 are contained in Appendifc, and in several vertical se:tions isotherms and iso­

halines are drawn in order to bring out the characteristic features. , 

, As may be easily see:l from ,these figures, in the shallow layers above 400 m the 

observations yield data within wide ranges in both temperature an~ salinity. The sa­

linities increase very rapidly espe:::ially 1;>elow 150, m, while in deeper layers, the observa­

tions converge on the characteristic values of the Subarctic Water of the North Pacific; 

salinity increa~ and temperature de:::rease with increasing depth are slow and uniform, 

attaining 2.6 - 2 . 9 ° in temperature and 34. 4 - 34 . 5;G. in salinity at a level of 1000 m. 
, , 

The homogeneous convection layer at the surface is very thin or can not be found 
, , 

at all in these regions during the period of the present investigations. The s~rface tem­

peratures lie between 2.5 ° and 5.5 0, and surface salinities betwee::l 32 . 8;G.. With in-. '. ; :'. 

creasing depth, the, temperature decreases rapidly at 'all stations, and Salinity also de-

creases slightly at m?st of the stations down to about 100 m. The most conspicuous and 

interesting feature of stratification in these regions is the existence of a subsurface layer* 

* The writers will, for conve.nience, 1,lSe the terms the subsurface layer of minimum temperature for the 
cold layer below 3° found at a level of about 100 m, and the intermediate layer of maximum temperature 
for the warm layer found at a level of abotit 300 m. 
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of severely cold water of low salinity at about 100 m depth. The values of the minimum 

temperature of this layer in the present regions lie between 00 and 30
• Beneath the 

subsurface layer the temperature increases with increasing depth and at about 300 m level 

it reaches intermediate maximum values* above 3.5 0 followed by slow de::rease below 

this level. The salinity, on the other hand, increases rapidly below the subsurface layer 

of minimum temperature and continues to increase slowly down to 1000 m level. 

In Section I (stations 2 to 8, figs. 2-a and 2-b), which runs north and south in 

longitude 170 0 west, the surface water is very high in temperature and very low in sa­

linity espe:::ially in the Pacific south of the Aleutian Ridge. At station 4 the temperature 

is above 5° and the salinity is below 33 %'.. The warm surface layer above 40 covers sta­

tions 2, 3 and 4 in the Pacific and station 5 in the Bering, but this layer vanishes to the 

north of station 5 in the Bering. 

Below the topmost layer, the temperature de:::reases with increasing depth and shows 

a minimum at a level of approximately 100 m, except at station 5. The minimum, how­

ever, is not very pronounce::l, the lowest values being higher than 2.5 0
• It is of interest 

to note that the subsurface cold layer in the Pacific has higher temperatures and lower 

salinities than that of the Bering; the axis of the minimm temperatures in the Pacific 

has a temperature of 2.9° and a salinity of 33.2 %'. at station 3, while the axis in the 

Fig. 2-a. Vertical distribution of temperature inSe:::tion I on May 
15 to 18,. 1953 

* See the foot-note in p. 88 
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Fig. 2-b. Vertical distribution of salinity in Section I on May 15 to 
18, 1953 

Bering which sinks slightly towards the south has a temperature of 2.5 0 and a salinity 

of 33.4;'{, at station 8. The water of low tem~e below 30 in the Pacific, moreover, 

is very narrow in meridional extent and is very thin, having a thickness Of,,· only about 
. , 

15 m, while that in the Bering is very thick, having a thickness of about 150 m. 

At station 5, which ~is located very near to the ridge and also to the Bowers Bank, 
, M't 

the temperature decreases slowly with increasing depth below the topmost layer; a mi-

nimum layer lies deep at 150 m level and is far less pronounced than at other stations 

in this section. 

The subsurface cold layer in the Pacific does not show any distinct minimum of 

salinity but has rather higher salinities than the surface, but in the Bering several. ir­

regularities, intermediate minima and maxima, occur which indicate more or less com­

plicated currents to the west of the Bowers Bank. 

Below this level of minimum temperature, a rapid increase of temperature and 

salinity takes place within a short distance on either side of the ridge. At station 4, an 

intermediate maximum of temperature above 40 is found at a level ·of 200 m which, 

however, axtends no farther to the north of the ridge. At station 3, the intermediate 

maximum is less pronounced than at station 4 and than at station 2 also, where a thick 

homogeneous layer of water higher than 3.8 0 but lower than 40 in temperature is found 

to lie between 150 m and 300 m levels. The intermediate layer of .maximum temperature 

-90-



19;;5) Mishima & Nishiza}Va: . Hydrographic Investiga~ions in Aleutian Waters 

in the. Be:r,iQg lies. deePQr than in the Pacific and is less pronounced especially at station 

5 where it .lies deep a:t a level of 500 m, having a temperature of 2.50. 

The salinity increase below the subsurface cold layer is so much more rapid in the 

Pacific than in the Bering that the isohaline of 24 /f, which lies at a level of 200 m in 

the Pacific suddenly sinks down to a level of 400 m to the north of the ridge approxi­

mately following. the course of the isotherm of 3.50. It is a conspicuous feature in this 

section that the isohalines Qf 34.20 :t. and more as well as the isotherms of 3.50 and 

less below the layer of m&Ximum tempera~ure, rise towards the north betwee::l stations 

2 and 3, and sink. suddenly to the north of station 3, indicating that an accumulation of 

cold saline water takes place at station 3 and another accumulation of warm and less 

saline water takes place at station 4 down to a depth of about 900 m. This suggests 

the existe"lce o.f a easterly current to the south of station 3 and a westerly current to 

th~ north of the same station. 

The .water below. a level of 800 m decreases in temperature and increases in salinity 

gradually with increasing depth reaching about 2.80 of temperature and 34.5;r. of salinity 

at a level of approximately 1000 m in this section. 

In Section II (stations 12, 13, 20 and 21, figs. 3-a and 3-b) , which runs along the 

meridian in longitude 1720 east, different features are found in the vertical distributions 

of temperature and salinity from those in the preceding section. 

The surface temperature 

is lower than in Section I; 

the highest value 3.900 is found 

at station 21 where the surface· 

salinity is 33.0;r., considerably 

higher than the surface value 

at station 4 in Section .1 ~ The 

surface. temperature decreases 

to both sides of station 21, 

espedally rapidly. towards the 

north; to the north 9f the 

ridge, the surface temperature 

is below .3.20. The surface 

salinity, on the contrary, in-. 

creases to both sides of station 

21, and at station ~O in the 

Pacific and at station 12 in 

the Bering it shows eq,1,lally 

33.30 %,:. 

___ -3.5 

1--------3.0 
~ 

Fig. 3~a. Vertical distribution of temperature in 
Section II on May 20 to June 6, 1903 
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Fig. 3-b. Vertical distribution of salinity in 

Remarkably developed sub­

surface cold layer below 30 

is found through the section at 

a level of 100 m. At station 

20 the subsurface minimum is 

especially well developed, hav­

ing a value of 2.10. The axis 

of minimum temperature rises 

towards the north between sta­

tions 20 and 21 increasing the 

minimum value itself. To­

wards -the north from station 

21, the axis runs approximately 

horizontally at a level of 100 

m, and the minimum value 

again decreases slightly but 

remains above 2.50. This sub­

surface .layer of minimum 

Se::;tion II on May 20 to June 6, 1953 temperature is also a layer of 

minimum salinity, in contrast to the preceding section, below 33.25 If. -to the south of 

station 21 and below 33.28 If. to the north of the same station. On the Bering side of 

the ridge, however, a layer of homogeneous salinity of 33.30 If. is found to lie from the 

surface down to a depth of 100 m, and no minimum of salinity can be found in the sub-

surface cold layer. 

Below this level, the temperature and the salinity increase with increasing depth; an 

intermediate layer of maximum temperature is met with at a level of about 300 m in 

the Pacific, considerably deeper than in Section I, and at a level of about 250 m' in the 

Bering, considerably shallower than in Se~tion I. The isothenns of 3.50 and more at 

station 21 show distinct upward curvatures above the maximum layer and downward 

curvatures below the maximum layer, forming a warm core at depths of between 200 m 

and 550 m. The center of the core is 3.940 in temperature and 33.83 If. in salinity, 

being slightly lower in both values than the warm center of the westerly current in Sec­

tion I, which suggests that the westerly current above mentioned protrudes from station 

4 in Section I, bending slightly south, and flows into the present section between sta­

tions 20 and 21 accompanied by the slight decreases in temperature and salinity. The 

axis of the intermediate maximum temperatures also sinks from east to west in accord­

ance with the development of the subsurface cold layer. The distinct downward cur­

vature of' isotherms and isohalines below 300 m at station 21 indicates a marked 
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downward -transport j)f wann water down to a level of 1000 m or more. Thus, there 

occurs a considerable accumulation of light water at station 21, suggesting a development 

of a large whirl with its center at the station which rotates clockwise in the Pacific 

south of the ridge. 

In Section V (stations 13, 14, 17, 18' and 18, figs. 4-a and 4-b) , which runs prac­

tically east and west between latitudes .51 ° and 52° north, the surface water higher than 

4 ° in temperature covers the area between stations 14 and 17, and the surface tempera­

ture decreases to both sides. The surface salinity, on the other hand, is 33.30 %at sta­

tion 14 and 17, and increases to both sides. The surface layer higher than 3° in tempe­

rature is thinner than in the preceding two sections, and the thickness decreases from 
east to west, while the subsurface cold layer, the axis of which lies at 100 m level, in­

creases in -thickness from east to west, the minimum temperature itself rapidly decreasing. 

The lowest temperature of the subsurface layer obtained in the 1953 cruise, 0.010, 

is found at the westernmost station 18. At station 14, where a continuation of the wann 

core of the westerly current, found in Sections I and II, is met with at a level of 300 

m, the minimum temperature in the subsurface cold layer is 2.82°, higher than at other 

stations in this section. The layer of minimum temperature in this section is also the 

layer of ~inimum salinity below 33.25 % just as in Section II. 

Below this level, the wann core above mentioned lies at a depth greater than 200 m 
ST.le ST.l? ST 1.4 ST.13 

30 
Ul 
a: 

400 
L&J 
I-

500 ;= 
J: 

600 l-
lL 
L&J 
0 

700 

800 

900 

1000Ih====-_________ ...:-__ ~__.:::::"'___~ ___ ~::::........:..J 

. Fig. 4-a. Vertical.distribution of temperature in Section· V on 
~ay 20 to June 1, 1953 
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Fig. 4-b. Vertical distribution of salinity in Se:::tion Von May 20' 
to June 1, 1953 

at station 14 and, there is also found a remarkable 

downward transport of wann water as deep as 1000 

m or more as in Section II. The large clockwise 

whirl, of which the vertical structure in the meri­

dional direction has been noted in the preceding sec­

tion, reveals its vertical structure in the east and 

west direction in this section. 

It is noteworthy that in the western part of 

this section a distinct sinking of severely cold water 

below 10 takes place at station 18' at a level of 

150 m. At station 18 the intermediate maximum 

temperature is 3.42°, higher than the value at sta­

tion 17, which suggests the existence of another 

current as discussed below. 

S1.15 ST 19 ST 1.6 

3,0 

100 

200 

300 

400 

500 

i~ 600 

o 03'0 

700 

800 

900 I-----------~ 

(VI, 2· 

ST.17 

In Section m(stations 15,19, 16 and 17, fig. 5), 

which again runs,north and south in longitude 1660 

east and bends at station 16 towards the southwest, 

the subsurface ,cold .layer· is, especially developed at 

station 19 where the isotherms of 30 and less show a 

1000-'--------------~ 
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slight ascending motion of the 

cold wat~r abQve a level of 100 

m and ,a slight pesa:lnding motion 

below this. level. The values of 

minimum teIJ,lper.;l.ture increase 

to both ~ides, especially rapidly 

towards. the .. north, from .station 

19. 

At station 17 the western ' 

end of the warm core of the 

large clockwise eddy above mea­

tioned is found at a level of 

about 450 m while another warm 

water mass above 3.4 0
, probably 

the continuation. of the warm 

water found at an intermediate 

layer at station 18·, lies just 

below the subsurfae cold layer 

at station 19.· The isotherms of 

3. 30 and less rise towards the 

south especially rapidly between 

stations 17 and 16. 

In Section IV (stations 12, 

11, 10 and 8, figs. 6~a and 6~b), 

which runs practically east and 

west in the Bering parallel to 

the Aleutian Islands, no surface 

water is found above 40 in tem­

perature which has always been 

met with in every previous sec­

tion in the Pacific. At station 

11, a remarkable asceading mo­

tion of cold subsurface water 

takes place, resulting in low 

surface temperature below 30 and 

low surface salinity below 33.3;:'. 

The surface salinity increases 

to~ards the east and at station 

100~~~~. 
200~ 

~-~. 

.300. 
fIl--~· 

II: ..... 
400 I-

w~ 
500 ! .. 3.; __ -,-~--,--,,,----,-_--,-\ 

700 

BOO 

900 

" '0 ,/~.o. 

10001..l------.:"'----------~-----~ 

Fig. 6-a. Vertical distribution of 'temperature ill 
Section IV on May 18 to 20, 1953 
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.Fig. 6-b. Vertical distribution of salinity in 
Section IV on May 18. to 20, 1953 
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8, is found a high surface salinity greater thatr 33.5~. ' 

At a level of 100 m, there lies a subsurface 'cold layer, but the values of minimum 

temperature are above 2.5", higher than at the Pacific stations in the previous sections. 

It is of interest to note that a subsurface layer of low salinity below 33. 3 ~ is found 

between 10 and 100 m at shallower levels than the subsurface cold layer; several irregular 

fluctuations in salinity are found there indicating more or less complicated currents. At 

station 10, the subsurface minimum of temperature is high being above 2.8° and the 

surface water has also a high temperature above 3.4°. Between stations 8 and 10 to the 

west of the Bowers Bank is found a unique spot where the water has a subaurface layer 

of minimum temperature below 2.6°. The salinity of this layer, is above 33..4 ~ which 

is considerably higheI" than the salinity values of the subsurface cold layer found in the 

Pacific sections. 

The intermediate layer of maximum temperature in this section is also less pro­

nounced than in the Pacific sections and the axis of maximum temperature sinks towards 

the east from 200 m depth at station 12 to 300 m depth at station 8, the maximum values 

themselves decreasing slightly. 

Below this level, the isotherm of 3.5°, accurately following the isohaline of 34.20% 

rises towards the east between stations 12 and 11, and sioks very gradually to- the east­

ward~ But below a level of 600 m, the isotherm of 3.0" as well as the is()haline of 

34.40 ~ sinks below a level of 1000 m at stations 11 and 10, and then rises slowly as 

it proceeds towards the east. The isotherm of 3.0° in the Pacific sections, on the con­

trary, lies always above a level of 1000 m. These distributions indicate a descending 

movement below a level of 600 m; there is a suggestion of large clockwise rotation of 

the whole water body enclosed by the Aleutian Islands and the Bowers Bank. 

In the cruise of the "Oshoro Maru" in 1954, twenty-eight stations were occupied; 

twenty-two of them were located along an extended section. which, comprising stations 

1.* to 22, runs from off Hokkaido Island towards the, east-northeast to Bristol Bay 

(fig. 1). The distributions of temperature and salinity in this whole section are shown 

in figures 7-a and 7-b. The se:tion includes regions of different character. Therefore, 

the writers will first deal with the Central Part of the section which lies in approxi­

mately the.same areas as that of the 1953 cruise, namely, stations l.to !§.. 

General features of the vertical stratification in this part are almost similar to what 

were found in the preceding year excepting a few points. Waters in the Bering. to the 

west of the Bowers Bank are found generally to be warmer and less saline than in 1953. 

The warm surface water of higher temperature than 4° was not found in the. westo.f 

the Bowers Bank in the Bering in the 1953 cruise, but in this year, a thin surface layer 

'" The station numbers in the.1954 cruise .shall be shoy.'n by underlined figures so as to be ~asilY disti~­
guished from the station numbers. in the 1953 cruise. 
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: above 4° in temperature an!i below. 33 . 2 /f, in salinity is found to e.xtend from station !! 
into the ~ing Sea .forming a very thin skin layer. The temperature of the .subsurface 

cold layer in the Bering is also slightly higher and the intermediate layer of maximum 

temperature above 3.8°, being)aid acro~ the Al~utian Ridge, is developed much thicker 

than in the pre~ding year. 

In. deeper layers, the isotherm of 3.0°, which as well as the isohaline of 34.40/f, 

runs. undulating up and down at levels between 600 m and 800 m in the Pacific, sudd~nly 

sinks below 1000 m in the Bering, indicating the occurrence of a higher d~velopmentof 

downward transport to the west of the Bowers Bank in this year tnan in 1953 .. 

The values of minimum temperature in the subsurface layer generally decrease from 

east to west, in the Pacific with several irregularities which have resulted fromsu~ve 

whirls. This, is the same tendeacy as was fpund in 1953. The subsurface layer of mini­

mum temperature does not always have minimum salinity, but it is of interest t() note 

that the subsurface cold waters at stati.on L ~, !Q and la, where tbe currents have m9re 

or less remarkable components directed towards the south as c9mputed below, are lower 

in temperature. than at. the adjacent statiolls and have salinities which lie in the narrow 

range between 33.21 and 33.26 ;t.. The low salinities of the subsurface layer of minimum 

temperature at stations II and 15 is apparently a result of the dilution by the fresh 

surface water of high temperature. At station 16 in the Bering the cold water which has 

similar characterio the ,water found at station 8 .in the 1953 cruise is met with in this 

year also. 

The ,intermediate warm .core of the large clockwise whirl in the Pacific. which. is 

similar to that found at station 14 in the 1953 cruise, lies at station 11 in this year. 

Between stations 1. and !.2, is found a homogene::ms water mass which has a cold 

shallow layer below 1 ° :in temperature and an intermediate layer of maximum temperature 

of about 3.45° at a level of 300.m. This water, which is very much similar to the water 

:found at station 18: and 19 in the 1953 cruise seems dominantly to originate in the Bering 

as dis..."'UsSed below. 

In the Southwestern part of the se:;tion (stations 1-to i), .. the surface water decreases 

in salinity below 33.2 /f, and increases in temperature above 2. QO towards the : southwest, 

indicating that an accumulation of light water takes place in the. shallow layers. The 

subsurface cold layer is very cold, below 10
, and a .remarkable mass of cold water is 

found at stations ~ and .§.:. At station.§.. the minimum values of the subsurface cold layer 

is 0.64 0, the lowest temperature obtained in this year in .the Pacific, although it is con­

siderably. higher than the lowest .one of 0.01 ° obtained in the subsurface layer at station 

18 in the preceding cruise. The difference, however, can not be attributed to aIlQual 

variation only but may also be ·due to the deviation of geographical positions :where the 

observations were taken. According to Uda (1935) the temperfltur~ of the subsurface 
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layer in these regions are considerably different from place to· place according to· the 

'unhomogeneity of cooling effect in winter season in the area where this water has been 

originated. 
'The maximum temperature of the intermediate layer, decreasing from east to west, 

suddenly falls below 30 between stations 1. and i: and at the latter is ·found 'a distinctly 

cold water mass lower than 2.5 0 down to a level of about 500 m .. The isotherms as 

· well as isohalines below a level of 100 m ·show remarkable downward curvatures at sta­

tion 6. The saine ~ut leSs pronounced ·situation is found at station 1; 
The intermediate layer of maximum temperature lies very deep between 400 m and 

600 m, and the values of maximum temperature are lower than 3.0 0 except at station.i. 

· where the temperature is slightly higher than 30 at a level of 400 m, The isohalines of 

33.50 ~and above sink rapidly towards the southwest, indicating that the freshwater 

· of the Oyashiwo Current flows south or southwest at station b 
, . The remarkably cold water found in this area is considered to have come from the 

Okhotsk Sea through the Kurile Chain as discussed below. The conspicuous· undulations 

of isotherms and isohalines in this . area suggest a complicated development of the system 

of currents. 

In the Eastern Part of the section, comprising stations 17 to 23, which runs ·practi­

cally west and east from the Bowers Bank to Bristol Bay in latitudes of 54~ to 56° 

north, the general features are considerably different from those of the former regions. 

The fresh water of Bristol Bay lower than 33 ~ in salinity protrudes towards the 

west to station ~ in a shallow layer above 100 m, while the surface temperature increases 

westward from Bristol Bay attaining 5.3 0 at station ~, and then decrea$eS towards sta­

tion 18 where the value is below 40
• At station 16, it increases again above .4 0 but 

: decreases again below 40 to the west of the Bowers Bank. The surface layer at station 

',gQ has a uniform salinity of 33. 4,~ down to a level of 100 m, which is the highest value 

found at the· surface in the whole section.. Proceeding towards the west, the surface 

salinity decreases below 33.2 % at station !2 but increses. again slightly at stations 18 and 

17 to a point above 33.3 %. 

In the subsurface depth, a distinct layer of minimum temperature is found to lie also 

:in this region at a level of 150 m, which is deeper than in the western regions in both 

the 1953 and the 1954 cruises. The minimum values lie between 2.0 and 3.00 with in­

crease towards the west from 2.0 0 at station ~ to 2.88° at station 17. The salinity, 

. however, increases with greater depth below the surface; no minimum of salinity can be 

found in the subsurface layer of minimum temperature in which the salinity lies between 

33.40 and 33.46~. 

'In the central part of Bristol Bay, is found a severely cold bottom water below 00 

:with low salinity 31;20 ~ ·just beneath the surface water of high temperature, but it 
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seems not to spread out of the Bay beyond the continental shelf. 

At a level of 300 m, there lies a layer of intermediate maximum temperature above 

3.5° which stretches from the continental slope of Bristol Bay towards the west but 

never extends to the west of the Bowers Bank. The isotherm of 3.5°, above the maxi­

mum temperature, sinks as it proceeds towards the west from the continental slope; be­

tween stations 11 and l& it sinks down suddenly to connect there with the isotherm of 

the same temperature which runs below the layer of maximum temperature undulating 

up and down, approximately following the isohaline of 34.20 %. 

Below this level, isotherms rise towards the east along the continental slope, and 

isohalines. rising towards the east following isotherms between stations 18 and~, sink, 

however, towards the continental slope to the east of station £2. At stations ~ and ~. 

a distinct accumulation of water of salinity higher than 34.4:t. is recognized which can 

not be found at other stations in the Bering above a level of 1000 m in the 1954 cruise. 

This extremely saline water seems to suggest an occurrence of upwelling in this area as 

discussed below. 

, Horizontal Distribution 

The main features of the horizontal distribution of temperature and salinity have 

already been discussed to some extent; therefore, no details will be entered int~ but only 
the most important featl.rres will be p~inted out. 

Surface (figs. 8-a and 8 b) ............ In the observation of 1953, the warm surface 

water, above 5.5° and of salinity lower th3.n 33:r. is found at station 4 in the Pacific. 

1 0 

5 

Fig. 8-a. Horizontal distribution of temPerature at the surface on May 14 
to June 6, 1953 . 
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Fig. 8-b. Horizontal distribution of salinity at the surface on May 14 to 
June 6, 1953 

this water extends towards the west along the Aleutian IsI3nds decreasing gradually in 

temperature and increasing in salinity. To the west of longitude 165° east, however, no 

surface water is found higher in temperature than 4° and there occurs rapid decrease in 

temperature and rapid increase in salinty. The 'isoth~s of 3.5°' and higher' as well as 

the isohalines of 33. 30 %. and less extend farther north, passing through' >uk Aieutian 

Islands into the Bering, where they run, bending towards· the east; almost parallel to the 

islands chain. 

To the south of the warm water, at a latitude of about 50° north, there is found a 

narrow tongue of cold surface water which protrudes east from station 18 rapidly in­

creasing in temperature and crosses longitude 180° forming a very narrow belt. This 

tongue, however, has rather higher salinity than the warm water which flows to the north 

of it. 

To the south of this cold water, a warm and saline water is found at station 2, 

which is undoubtedly the continuation of the northern branch of the Kuroshiwo Extension 

or the Aleutian Current. The demarcation line between the Aleutian Current and the 

cold tongue to the north of it lies between 47° and 45° north (Komahashi cruises in 1934, 

1935 and 1936), but the present cruises do not cover it. 

In the central part of the regions of the 1954 cruise, the general features are found 

to be not much differerent from those found on the 1953 cruise. 

OIle hundred-meter level (figs. 9-a and .9-b) ..... .•..... Here the distribution of tem­

perature is practically the same as at the surface. The cold water, protruded from the 
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Fig. 9-a. Horizontal distribution of temperature at a depth of 100 m on 
May 14 to June 6, 1953 
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Fig. 9-b. Horizontal distribution of salinity at a depth of 100 m on May 
14 to June 6, 1953 

west, is found highly developed in this level and the temperature gradient is very great 

to the west of station 17 and to the south of station 15. As to the distribution of 

salinity, on the other hand, it is much different from the distribution at the surface; the 

warm water from the east increases but cold water from the west decreases in salinity 

with increasing depth, leaving the· courses -of .. the isobalines almost similar. to - those on 
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the surface. Here the tongue of cold water is found also to be a tongue of low salinity 

below 33.3~ . 
. In the central part of the section covered by the 1954 cruise, the surface layer of 

warm water of low salinity extending from the east is thicker than in 1953 and the dis­
tribution of saiinity at the level· of 100 m depth is practically similar to the surface. 

Thre.e hundred-meter level (figs. 10-a and 1O-b) ............ Here also, the distribution 
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Fig. 1O-a. Horizontal distribution of temperature at a depth of 300 m on 
May 14 to June 6, 1953 
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Fig; lo-b. Horizontal distribution.of salinjty, at· a. depth of 300 m on, 
May 14 to June 6, 1953 
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o{ f~mJ)etature is almost thesam<:\as bef-o(e, put, the temperatu{e contrasts,areslX1atle.t~ 

Tre. ®x:iz(lntal: gradient in telllPerature to the. wc:$t'of;station 18 is 'very. s~ll. '. , 
'. ,'.The, dist);"ibution, of salinity, however .. js;. very different; from that at 100 m leveL 

The t:o!1gue-of .low 'salinity disappears and general inq-ea~ in salinity tow~rds tile ·so~tll 

takes pillce,'resuiting, in ,approx,imatelyjJ1e;S<mle ~haracter pf·, distr:ibut.ion as· ¢~t o(tbe 

surface.' . 

Thel>ame character of ternperatute ,and ~linitY. distribu1;ion as rt,I,a.t for 300 tn level 

can be found at the deeper levels though with still smaller contrast of vaI\ltlS. The sction 

covered QY the 1954 cruise shows especially that the Bering water from off A:tiu Island 
to the BOwers Bank is distinctly,le..<>s saline and higher in temperature at deep. levels than 

the Pacific water to t1:e west of the Aleutian Ridge. Towards the western part of long 

section, temperature and salinity decrease with several irregulirrities and continue to the 

fresh and cold Oyashiwo water, while towards the eastern part of the sedion tempera­

ture decreases and salinity increases. 

IV. Water _Mass Analysis 

As stated before, a distinct water mass of high temperature and low salinity is met 

with alorig the southern side of the Aieutian Islands. The temperature, salinity:<iiagrams 

for station 4 and 21 (fig. 11) shows the characteristic properties of this water at differnt 

levels and in differerit regions. EXtfemely low surface salinity suggests some coastal 

origin of .~his water. Barnes & Thompson (1938) found similar water at Gannet-stations 
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11. . T-S curveS of the westerly current on the southern side of 
'the Aleutian Islands in i953. The T -S relations at Gannet­
station 17 and at Ca;.negie-statiort 123 are 'alsO included. 

" Locations of stations, are, shown in figure 1. 
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16 (51-12 N, 177-14W) and 17. (50-55 N, 177-10 W) to the south of Adak Island in 

June 1933 (fig. 11), and ascertained-the northward movement of this water by the-com­

l,)Utation of dynamic meters above 1000 m level. This water, however, differs apparently 

from the water of the Aleutian Current which is considerably lower in temperature and 

nigher in salinity as characteristically represented by T-S curve for Carnegie-station 123 

(50-27 N, 172-51 W) as included in the same figure. In the 1954 cruise, similar water 

is found at station ~ to the south of Amlia Island (fig. 12). In both 1953 and 1954, 
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Fig. 12. T -S curves of the westerly current on the southern side of 
the Aleutian Islands in 1954 

the fresh surface layer of this water is found to decrease in temperature and increase in 

salinity towards the west. At a subsurface depth of about 100 m, a distinct development 
of cold water takes place especially to the weSt of longitude 1800

• 

It is very possible that this warm fresh water comes from the Gulf of Alaska. The 

northern branch of the easterly currents of the North Pacific bends into the Gulf; there 
it is submitted to heating and dilution by fresh water of the Gulf, after which it returns 

towards the west on the southern side of the Aleutian Islands (Sverdrup, 1944). It is 

clearly shown in the "Current Chart of the North Pacific" compiled by the Hydrographic 

Office of Japan in 1936 that this branch continues towards the west as far as to the west 
. of longitude 1800

• This westward cUrrent spreads several bninehes into the Bering 

through the Aleutian Chain (Barnes & Thompson, 1938). North of the ridge near Bo­

goslof Island, currents which are parallel to the ridge towards the east, swing north 

following the bottom contours of the continental shelt (B<imes & Thompson, 1938). Thus . . 

thes:e is fo~d in the Pering at station ~ of the ·1954 cruise a pcictically identical water 
totbat of the warm current to the south of the Aleutian Islands (fig. 13). 
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Fig. 13.T-5 curves at station 24 to the north of Akutan Island and 
at stations 27 and 28 to the south of latitude 50° north in 
tlltiPacific in 1954 

The character of the cold water mass which protrudes from west to east along the 

southern border of the warm water just described is represented in figure 14, in which 
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Fig. 14: . T -S curves of the cold water of Bering origin obtained' in 
1953 imd 1954 

are included T-S diagrams for stations 18 and 19 of the 1953 cruise and for station 10 

of ; the 1954 cruise. That cold water mass has a distinct layer of both minimum 
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temperature below' 1°, and minirnum-saHnity-oolow-33-; 3 %at a level~f-lOO-m, -whilst the 

surface salinity is high being above 33. 3 :~. At deeper levels the temperature is lower 

by 1 to 2° and the salinity is slightly'highetthan that'of water'tothe immediately north­

ward. 

The source of cold 'water' foiirid -iii tEe&~· i~giorisis-considered to lie in 'some area 

of intensive winter cooling alohg the Asiatic coast. Barnes & Thompson (1938) have 

inferred that the Okhotsk Sea, the Guifo'fAnadir and the Kamtchatka Peninsula are possi­

ble sources. The character of cold water which moves south along the eastern coast 

of Kamtchatka ~ the season of present investigation is indicated in T -S diagrams in 

figure 15, using the data obtained at Komahasll,z",station 94 (50-~9 N, 159--:27 E) on her 
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Fig. 15. T -S relations of the Okhotsk water at Komahashi-stations 
3 and 5 in May 1935 and at Komahashi-station 94-in' Sep­
tember 1935 and ltsukushima-station 7 in July 1935 to the 
southwest of Kamtchatka. The T -S relations of the Subarctic 
Water at Komahashi -station 24 is also' fucftiaed: -LoCations 
of stations are shown in figure 1. 

cruise of September 1935 and at Itsukushima-station 7 (51-54 N, 159-18 E) on her 

cruise of July 1935. The T -S diagrams for the Okhotsk water are. also included in figure 

15 using the data obtained at Komahashi-stations 3 (50-45 N, 153-16 E) and 5 (48-39 N, 

15D-55 E) on her cruise of May 1935. The loca{ions of th~ stati6ris are indicated 

in figure 1. Shallow waters in these regions are practically alike, but the deep water 

below'100 m level in: the Okhotsk is distinctly lower in temperature as well as in salinity 

than that it is off the Kamtchatka Peninsula, and the latter is very, much the same as 
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the deep water at stations 18.and 19 of the 1953 cruise and at station 10 of the 1954 

cruise. Shallow water of. these stations of the present cruises is a little. higher in sa­

linity than that of the two cold regions, and it is probably due to the mixing with the 

Subarctic Water near the surface. The T-S diagram for the Subarctic Water which 

flows towards the east or northeast just to the south of this cold water is likewise given 

in figure 15, using also the materials obtained at Komahashi-station 24 (43-34 N, 

162-14 E) on her cruise of June 1935. 

Thus, it may be said that the cold fresh water found stretching towards the east to 

form a very narrow belt in latitude 50 0 north originates mostly in the shallow region 

along the Siberian coast in the Bering and that it moves southward along the coast of 

Kamtchatka. .. A branch of this current be:tds east from the southern end of that peninsula 

and flows along the Aleutian Ridge. Another branch moves further south or southwest 

along the Kurile Islands. The. latter branch, mixed with the cold water of the Okhotsk 

Sea which has poured into the Pacific thr.:mgh th,e Kurile Chain, meets. there the warm 

extension .of th~ Kuroshiwo Curreat (Subarctic W:ater), and is def~e:;ted sharply northeast 

to rejoin the former branch. This narrow belt, stretching towards the east, can be traced 

as far as longitude 1700 west by the characteristic. development of the subsurface cold 

layer found at Itsukushima-stations 31 (50":57 N, 169-14 W) and 32 (50-37 N, 169-14 W) 

in her cruise. ci£ July '1935 (fig: 16). 

, I 

6 1-32· 

J' 
5 ., 

1-31 

'" \ 4 
., .. 

\' .. 
'" .\ 3 
., .. 

" i'--.." III· L... ., 
2 

... 

O~ ________ ~~ _________ S~A~L~I~N~I~T~Y __ ~~~ ________ ~~~ 
33.00 33.50 34.00 34.50 

Fig. 16. T -5 curves of the continuation of the narrow tongue protruded 
from west to east to the immediately north of the Subarctic 
Water; the materials taken at Itsukushima-stations 31 and 32. 
Locations of stations are shown in figure 1. 

-107-:---



Bull. Fac. Fish., Hokkaido Univ. (VI,'2 

The water found at stations .!.. to 2.. of the 1954 cruise has a little different character; 

typical T -S relation for this water is shown in figure 17 which containes T -S diagram 
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Fig. 17. T -S diagram of the water of Okhotsk origin to the south of 

the southern Kurile Islands (3). T-S diagrams of the water 

of Bering origin (10) is also included for comparison. 

for station 3. In the same figure is included the T -S diagram for station 10 for com­

parison. The water ~t station 1. is apparently lower in temperature as well;' in salinity 

than the water at station 10 especially at deep levels below 100 m, and it is more alike 

to the water of Okhotsk origin than to the water of Bering origin. Thus, in the south­

western area of the 1954 cruise is found a water mass which probably originates domi­

nantly in the Okhotsk Sea. At several stations, however, the dominant origin of each 

water camlOt be determined from the point of r -S character only, which suggests that 
an intensive mixing process takes p1ace in this area among the waters from the Bering 

Sea, Okhotsk Sea and the Subarctic Water. 

Water found at statations 1, 3, 13 and 20 in the 1953 cruise and at stations 11, 12, 

l~, ~ and ~ in the 1954 cruise are mixtures in various proportions of the two dominant 

water masses; the cold water mass from the west as typically characterized by the T-S 

diagrams for stations 18 and' 1.2, whilst the warm water mass from the east as typically 

characterized by the T-S diagrams for stations 4 and 26. In figures 18 and 19 are shown 

the T -S relations for some stations of this mixed character. The water at station 2 is 

formed OQ the border between the cold water from the west and the Subarctic Water 

(fig. 20). 
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(VI; 2 

North of the Aleutian Ridge near Attu, the character of the water is practically 
identical with that of the water just to the south of the ridge, indicating a northward 

flow of the Pacific water into the Bering through the shallow channels between Attu 

and Kiska Islands (in 1953 and 1954) and through the eastern part of the channel be­

tween Attu and the Komandorskie Islands (in 1954) (figs. 21 and 12). The shallow layer 
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T-S diagrams at statioristo the immediately north of the 
Aleutian Islams in the Bering. T-S diagram at station 21 to 
the south of the Aleutian Islands in the Pacific is also included 
for comparison. 
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for stations 11 and 12, however, lacks such a marked stratification as found at station 

21 in the Pacific and has a uniform vertical distribution of temperature and salinity, 

probably suggesting that the water from the Pacific suffers some agitation while passing 

through the shallcw channel (fig. 21). Tl:e deep water.below 100 m for stations located 

to the north of the ridge is somewhat higher in temperature and lower iri Salinity than 

the deep water found to tl:e south cf the ridge (figs. 12 and 21); this indicates that 

there occurs a downward transport of the shallow. water which has entered into the 

Bering from the PacifiC, after passing through the channels, as described above. 

At stations 6 and 8 of the 1953 cruise and station 16 of the 1954 cruise, all of 

which are located to the west of the Bowers Bank, it is found that surface layers have 

high salinity above 33.5:r. in 1953 and above 33.3:r. in 1954 (fig. 22). Moreover, the 
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Fig. 22. T -S relations at stations to the east of the Bowers Bank in 
the Bering 

surface salinity as well as surface temperature generally increases towards the east ex­
cept at stativn 19 where the surface salinity is below 33.2:r. (fig. 23); at station 20 a 

homogeneous-surface layer of 33.39:r. in salinity is met with in the 1954 cruise (fig. 24). 

The deep water at _ s~tions 20 and ~ is distinctly higher in salinity than at other stations 

in the Bering (fig. 24); .therefore, it cannot be considered to have come from the Pacific 

through any of the shallow channels between the Aleutian Islands though it is very 

similar in character to the Subarctic Water. Sverdrup et al. (1942) have shown that the 

temperature and salinity 'structures of the Bering basin below 100 m are very similar to 

those in the Subarctic region oithe: North Pacific. The character of the water in~ the 

deep portions of the Bering is shown -in figure 24, using the materials obtained at 

Dalinevastochinik-station 68 (58-59:N, 174-24 E) in her cruise of September 1932 and 

Komahashi-station 67 (57-20 N, 176-26 E) in her cruise of August 1936. The: deep 
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T -S diagrams at stations off the continental shelf of Bristol 
Bay in the Bering. T -S relations of the Bering basin water 
at Komahashi-st~tion 67 in August 1936 and Dalineva­
stochinik-station 68 in September 1932 are also shown. 
Locations of stations are shown in figure 1. 

(VI. 2" 

water at stations ~ and ~ is similarto that of the. Bering basin but is still slightly 
higher in salinity, In t,his area, an aCGumulation of more dense water than in. the ad~ 

jacent ru;ea has been met with as ascertained by several data obtained in the previous 

cruises of Komahashi anq Chelan. The T -S relations below 100 m level for 
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Koma.hashi-stations D (53-54 N, 172-38 W) and F (55-50 N, 176-10 W) in her cruise of 

August 1934 and for Chelan-stations 106 (54-22 N, 168.,.17 W) and 107 (55-04N, 168-49 W) 

in h~ cruise of August 1933, are similar to that for stations 20 and 21; furthermore, 

these waters are more dense than the surrounding water as characterized by T -S diagrams 

for Komahashi-stations C (53-29 N, 175-26 W) and E (56-14 N, 171040 W) and for 

Chelan-station 102 (53-57 N, 167-52 W) (fig. 25). This accumulation of dense water 

,"" 

SAL·IIII'rY 

33JlO 33.50 34.00 34.50 

Fig: 25. T -Sdiagrams below 100 m at a number of Komahashi and 
Chelan-stations to the east of· the Bowers Bank. Locations 
of stations are shown in figure 1. 

suggests· the occurence of a large counter-clockwise eddy asdis:::ussed below, and the 

high salinity of the deep water in this area is probably due to the upwelling of the 

deeper water caused. by the eddy. motion. 

The water at station 19 is considered to belong to the Bering basin water especially 

for its low surface salinity, while the remarkably high salinity of the shallow layers at 

station 20 is considered to be of Pacific origin. The surfacce layer of the Subarctictic 

Water which has high salinity above 33.5;:' is probably carried from the Pacific into 

:the Bering probably through the channel between Attu and the Komandorskie Islands and 

then flows east. along the northern side of the Aleutian Islands. l'he T -S curves at sta­

tions 6 and .8 of the 1953 cruise and at stations 12, g, 18 and 19 of the 1954 cruise 

show complicated and irregular. fluctuations of salinity value in shallow layers for each 
station (fig. 23), which may indicate the advance of mixing process of the Subarctic 

Water. with the water of the Bering basin or with the water which has come from 

the Gulf of Alaska and entered into the Bering through some of the channels between 

the Aleutian Islands. The water at station .t§ is high in salinity and is considered to 

beIQIlg, to the same water" as that at station~ (fig. 24). The inflow of the Subarctic 

Water of th~ North .Pacific .into the Bering, however, can not.be found ~n the present 

observations; probably it is of intermittent character be:::ause the surface water at 

--:-113---= 



Chelan~tations 106 and 107 and Komahashi-stations D and F never shows' higher sa­

linity than 33.0;{, in the respe::tive year. 

, The surfaCe salinity decreaeeS from station ~ eastward to Bristol Bay where the 

values are below 32/f., indicating that the runoff from the large Alaskan rivers stretches 

far west to station 21. 

V. Current 

Something has been said about the prominent features of the currents in the present 

regions. A discussion follows on the currents based on the charts showing the topography 

and profiles of the isobaric surfaces. 

In figure 26 is shown the dynamic topography of the isobaric surfaces 100-decibar 

relative to the 750-decibar surface by means of the data obtained on the 1953 cruise. 

When preparing this figure, the courees of the isotherms and isohalines are taken into 
considerat ion. 

The northern branch of the Kuroshiwo Extension is found to flow northeast to the 

south of station 2. To the north of latitude 50 0 north, a westerly current carries warm 

water of low salinity which is slightly deflect~ south to the south of Kiska Island, 

swings north at about longitude 170 0 east, arid then returns to the east to the south of Attu 

Island, forming thus a large clockwise, eddy with its center at station 21. It is then swung 

north and the major part of that mass of water passes through the channel between Attu 

and Kiska Islands .into the Bering, while the minor pru.:t seems to pass over the ridge to 

the west of Attu Island. 

Between the Aleutian Current and this westerly current in the Pacific, a,narrow belt 

of low temperature stretches from west to east, which can be traced as far as longitude 

1700 west as mentioned above. 

In the Bering Sea, the water from the Pacific moves, towards the east along the 
Aleutian Islands but is soon deflected towards, the Islands partly on account of the 

thrusting out of the cold water of the Bering basin at station 8 and partly following the 

bottom contours of ,the Bowers Bank. • It turns again to the east and then to the north­

mst passing between stations 5 and 6, and flows into the western Hemisphere. 

, The; profiles of the isobaric surfaces in Section I are represented in figure 27. The 

westerly' ctirrent in the Pacific shows a velocity which, at the surface, is 4 cmlsec be­

tween'stations 3 and 4, decreases with increasing depth, until at 500 m level the weStward 

velocity is below 0'.5 cm/se::. The easterly current between stations 2 and 3 has a velocity 

of 3 'cm/sec at the surface and at 200 m level it practically disappears. The westerly 

current in the Gulf of Alaska was calculated 7 cm/sec at the surface (Sverdrup, 1944) 

with, reference to 2000-decibar surface, but the current value obtained on the> Komahashi 

cruise in 1935 by the cUrre'1t meters in two layers (10 m and 500 m) was 0.3 knot to the 
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.' Fig. 26. Geopotential topograpby of the 10o-decibar surface in dynamic centimeters referred to the 75<H:lecibar 

surface according to tbe obserV'ation on May 14 to June 6, 1953 
The broken lines show schematically the currents in the area to the east of the Bowers Bank in the B;ring according to the 
observation on May 26 to June 8, 1954. Near Adak Island and to the north of Unalaska Island, directions of flow are shown 
schemat ically according to the observations on Gannet in June 1933 and Chelan in August 1934 (Barnes & Thompson, 1938). 
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Fig. 27. Profiles of isobaric surfaces in dynamic 
centimeters referred to the 750-decibar surface 
in Section I on May 15 to 18, 1953 

south of the Aleutian Islands 

in longitude 1800
• The veloci­

ties cf this westerly current 

shown in the "Current Chart 

of the North Pacific" vary 

from 0.3 to 0.5 knot. These 

values are higher than are 

found on the present observa­

tions suggesting that tee pre­

vailing winds exert some effect 

on the surface layers as well 

as that tl:e water at a depth 

of 750 m is not at rest as 

supposed in the present writers' 

computation. * 
Between stations 5 and 6, 

is found a northerly current 

which has velocities of scm/sec 
at the surface and of 2 cm/sec 

at 500 m level. Between sta­
tions 6 and 8, the Bering basin 

water thrusts out, the velocity 

of which is 6 ern/sec at the 

surface and increases slightly 

with increasing depth reaching 8 cm/se: at 200 m level. Below this level, the velocities 

de:rease with increasing depth until at 500 m level the value is 3 cm/sec. 

The profiles of the isobaric surfaces in Section II are represented in figure 28. The 

westerly current between stations 20 and 21 is a little more accelerated than in Section 

I and the velocity which, at the surface, is 6 ern/sec, decreases with increasing depth 

especiallY rapidly below 200 m. The returning flow between stations 21 and 13 has a 

higher velocity of 7 ern/se:: at the surface which also de:reases but slightly with depth 

down to a level of 100 m; below this level it de:reases rapidly. At 500 m level the 

waters are practically motionless. 

In figure 29 is represented the profiles of the . isobaric surfaces with referenCe to 

800-decibar level in the whole section of the 1954 cruise. The broken lines in the figure 

* Taguchi & Hirose (1954) have measured a high velocity of about 2 knots to the south of Kiilka. Island 
in May 1953 by current meters in two layers (10 m and 500 m) in the boundary area between the water 
of low transparency to the north and the water of high transparency to the south. 
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Fig. 28. Profiles of isobaric surfaces in 
dynamic centimeters referred to t1W 
750-decibar surface in Section 1I on 
~ay 20 to June 6, 1953 

indicate the axises of no motion normal· 

to the section. In the central part of the 

section, the g~neral features of currents 

are prctically identical to those in the 

preceding year. The turrent which enters.' 

the Bering from the Pacific between sta-

. tions .!2 and 11 has a velocity~f 4 em/sec 

at the surface which is of the same order. 

as found between stations 3 and 4 in 1953. 

At station 1&, in the Bering, a thrusting 

out of the Bering basin water' towards 

the south is met 'with in this year also, 

but. in a more weak current than in the 

pre:eding year. Betwee:1 stations Land 

10, is found a slight horizontal undula­

tion of the currents which probably 

indicates a minor development of' eddy 

motion on the boundary between the 

warm water from the Gulf of Alaska and 
the cold water from the Bering. 

In the southwestern part of the sec­

tion, there is found a remarkable' hori­

zontal undulation of . the water passing 

in and out of the vertical . plane of the 

se:tion, indicating the development of 

successive whirls betwee:1 the cold water' 

from the Okhotsk and the warm water of the Kuroshiwo Extension. The current velocity, 

however, does not exceed 3 cnijsec at the surface and de:reases with increasing depth. 

To the east of the Bowers Bank in the Bering the flows of water are generally slow 

except in the easternmost region to the east of station 20 where is found a northward 

current of high velocity of 8 em/se: at the surface. Between stations !l and ~, the 

southerly inflow of tI:e Bering basin water is found, while to the west of station !Z.there 

is a northerly current. The w~ter of the latter current is considered to be conJPosed 

mainly of the waters from the Pacific; one part may, come through the channels of the 

Aleutian Islands to the west of longitude 1800 and flows east and the:'! northeast be~ee:'! 

stations 5 and 6 of the 1953 cruise, and the other part may come through the Tanaga 

or Amchitl<a Passes and flow northvvar4 (Barnes & Thompson, 1938). 

Thus, there· (lre Jound two successive eddies to the west of the Bowers Bank. One 
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of them rotates clockwise with its center in the vicinity of station 11. at the surface. 

The same eddy was found in the USS Nereus cruise in the summer of 1947 (LaFond & 

Pritchard, 1952). The axis of rotation of this eddy seems to be extremely obl~que es­

peCially below 300 m level as seen in the figure; at the surface it lies at station ~ 

while at a depth of 600 m it lies at station!2.. The other is a counter..:clockwise cir­

culation of water with its center at station 20. the axis of which seems also to be slightly 

oblique. Ipfigure 26 the currents of the regions to the east of the Bowers Bank are 

shOwn schematically. 

VI. Summary 

1. The hydrographic work performed on 'two cruises made during the early summers 

of 1953 and 1954 to the vicinity of the Aletltia'l Islands and the southern part of the 

Bering Sea has been outlined. 

2. Along the southern side of the Aleutian Islands, a warm water mass of low 

salinity is found to flow from east to west. It reaches as far west as longitude 1650 

east, on its way spreading several branches into the Bering through the shallow channels 

between the Aleutian Islands, then it. swings north or northeast into the Bering from the 

Pacific passing over the Aleutian Ridge near Attu Island. A large clockwise eddy of 

this warm water is, thus, forme::l to the s:>uth or southwest of Attu Island. 

3. Betwee:l this warm water and the Kuroshiwo Extension or Aleutian Curre'lt an 

abnormally cold water of low salinity is found to flow westward, forming a very narrow 

tongue: It originates principally from the Bering, probably from the Gulf of Anadir, and 

then moves along the eastern coast of Kamtchatka. It is then deflected east or northeast 

off the Kurile Islands and flows east along the Aleutian Islands in latitude 50 0 north. 

4. Off the southern islands of the Kuriles, another cold water of low salinity is 

found which originates from the Okhotsk Sea as distinguished from the water of Bering 

origin by the lower temperature of deep water below 100 m level. 

5. In the Bering Sea, waters from the Pacific set east just to the north of the 

Aleutian Islands. The salinities of the southern Bering are of lower values than in the 

Pacific indicating the occurrence of a downward transport of the shallow water which 

has poured into the Bering form the Pacific. 

6. The Bering basin water thrusts south' or southeast especially to the east of the 

Bciwers Bank, while' the freshwater of Bristol Bay moves north. Thus, two successive 

whirls; one' clockwiSe' and another counter..:clockwise, develop to the east of the Bowers 

Bank. 
. 7. Stratification of water consisting of an upper layer of relatively cold water of 

low salinity resting on a warm and saline water, is found at most of the stations. The 

most conspicuous features of stratification are the existence of a subsurface layer of 

cold w.ater of low salinity at about 100 m depth and an intermediate layer of maximum 
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temperature at about 300 m depth. The.cause of such stratification in these regions is 

mainly the advection of the severely cold and fresh water· from the Asiatic coast of th~ 

Bering Sea spreading over waters of greater density from the Pacific.: 

8. The current velocities calculated· fr()m the inclinations of isoparic. surfaces are 

below. 10 cm/se::: ev~here; they are in most cases g~eatest at the s!lrface. 
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Appendix: 

Observations obtained on the cruise of the "Oshoro Maru" in 1953, 

Station 
I 1 I 2 I 3 4 5 I 

,Lat. 49. 22 N 
, 

48. 57 N.· 50. 00 N 50. 58 N 52. 36 N 
Lorig. 178. 18 E 

I 

178. 49 W 178. 44 W 178. 40 W 178. 46 W 

Date Y-14 Y -15 V -15 V -16 V -17 

Time 20.00- 1.15 I 13.45-16.15 I 23.40- 2.00 8.35-10.25 1.20- 3.00 

ITem- I Sar' ITem- I Sal" 't ITem- I Sar' ITem- Is r 't ITem- Is r 't perature, 101ty perature 101 y perature, Illlty perature a 1111 y perature: a Illl y 

0 I 4.25 33.22 4.90_1 33.26 4.58 " 3'3.20 5.68 I 32.81 I 4.76 I 33.24 

10 -I 4.23 33.19 4.59 33.01 4.22 33.05 5.39 32~741 4.64 33.15 

25 I 3.50 33.10 4.14 33.26 3.43 32.97 4.57 32.74[_4.15. 33.21 
'- ----

50 3.30 3.59 33.25 3.21 33.26 3.20 33.24 3.76 33.35 --
75 3.24 33.17 3.40 33.24 3.16 33.26 3.14 33.391 3.66 33.42 -------- ~--- - --- '-'-- ~, -- ~ 

I 33.40 I 100 3.14 33.24 3.24 33.29 2.92 33.28 3.06 3.66 33.42 

I 33.691_~95_1 I 33.80 I 
--

150 3.73 33.91 3.79 33.91 4.05 3.23 33.19 
-~- -- ~ -

200 I 3.77 34.02 3.84 34.04 3.87 34.05 4.11 33.95 [ 3.25 33.63 
-~ 

, 34.00- 3.35 300 3.74 34.17 3.85 34.14 3.72 34.23 3.66 33.87 

400 3.58 34.26 3.71 34.27 3.50 34.28 3.57 ~~20 \=3-'-~O 34.01 ----- -- -, 

500 3.44 34.32 3.44 34.31 3.40 . 34.35 ---"3.54_ 34.27 3.55 34.15 ------- ~ ---- --

-~1~~1 _ 34 .. ~1_3--1L 2.94 34.40 3.08 34.49 2.98 34.41 3.12 _34.3L -

34.52 I 2.63 34.59 2.74 34.51 9'~ 34.53 2.84 2.87 34.48 

Station 6 .8 10 11 12 
-

Lat. 53. 22 N 54. 00 N 53. 50 N 53. 35 N 53. 42 N 
_Long~._ 179. 27 E 178. 57 E 175. 24 E 173. 43 E 172. 09 E 

Date V -17 V -18 V -19 V -19 V - 20 

Time 13.20-14.45 7.30- 8.30 9.30-10.30 19.20-20.50 5.20- 7.00 

ITem- I sr' ITem- Is r' ITem- I sr' ITem- I sr' ITem- Is r . perature a Illlty perature a Illity peraturel a Illlty peratl1~e a Illlty perature a Illlty 

0 3.40 I 33.51 3.38 33.51.1 3.44 33.55 2.58 33.33 3.19 33.30 

10 3.38 33.46 3.35 33.54 3.43 33.40 2.95 33.28 3.17 33.30 ---- ~ ------~ 
I 

25 3.30 33.37 3.27 33.52: 3.25 33.08 2.94 33.26 3.13 33.30 , 
50 2.82 2.74 33.42 ' 2.93 33.22 2.92 33.28 3.03 33.30 

- - ,---~ 

75 2.75 33.43 2.69 I 2.75 33.24· 2.74 33.31 
33.441 

-~- - ,- -

100 2.70 33.47 2.55 2.64 33.24 2.51 33.30 
~ -, --~- ~ 

150 2.69 33.42 2.73 33.56 i 3.18 33.66 3.08 33.53 

1 

I 
- - ---~ ---

200 3.08 33.60 3.00 33.70 1_ 3.91 33.82 3.78 33.87 

I 
'-- --- ---~ 

300 3.58 34.01 3.86 33.86 I 3.62 33.98 3.64 34.08 
~ 

400 3.38 34.21 3.56 34.05 I 3.52 34.13 3.52 34.14 
--- --~ 

500 3.21 34.32 3.50 34.21 I 3.42 34.27 3.50 34.20 ,- -- ------ -

750 3.00 34.46 3.10 
I 34.

34
1 

3.25 34.37 3.13 34.46 -- -----_.- _0---

1000 2.86 34.52 2.90 34.50 I 2.92 34.49 
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, 
Station 13 14 15 16 17 

Lat; 52. 15 N 49. 55 N 49. 33 N 50. 09 N 51. 28 N 
Long~ 172. 07 E 160. 15 E 167. 01 E 166. 14 E 166. 24 E 

Date V - 20' V - 21 V - 24 V - 25 V - 27 

Time 19.10-21.00 17.30-18.30 13.00-14.10 16.00-18.00 14.30-16.00 

I~~;turel Salinity I~;ture\ Salinity I~~~turel Salinity \T;~turs ISalinity r;:~-rurel Salinity 

o 3.20 33.551 4.30 33.31 3.60 33.30 4.35 33.15 I 4.28 I 33~~_ 
10 3.13 33.30 3.59 33.26 3.59 33.28 ~ ~I' 4.27 ' 33.30 

__ 25_ ,3.04 3"3~3.Q...1--.?49 33.26 ~ 33.31 3.01 33.28 I 3.7L./ 33.26 

50 3.10 33.30 3.29 33.28 2.13 32.83' 2.10 33.30 I 2.79 33.23 

--75-- 2.60 33.26 12.~2_ ~3.21 1.46 33.30 _1.98 33.22 I~LI 33.26 

100 '2.56 33.34 "2.82 33.30 1.50 33.06 1.92 33.26 I 2.33 33.26 

150 "3.25 33.88" 2.94 33.48' 3.13 33.77 1 2.5533.72 

200 3.04 33.90 I 3.82 

300 3.48 34.15 _3 __ .8~2_1 __ ~1----'----'--''--
I 

1_----'4:..::0.:...0 __ �-.:...3~.4=8-1--,3::..:4:..:..2::c4=--1 3.64 

500 3.51 34.31 1--=3 ___ .5=5'--:--=-=--:=-1 

_---'-7~50:o.-._/_--.::.3 .:.-0...-:5_/_--.::.34:::.:.,-=4::-....5, 3.19 

1000 2.50 34.50! 2.75 

Station 

Lat. 
Long. 

Date, 

Time 

18 

50. 55 N 
, 161. 23 E 

VI-I 

8.00-10.00 

19 

49. 50 N 
166. 46 E 

VI-2 

20.00-22.00 

20 

49. 24 N 
172. 00 J<: 
VI-5 

13.00-15.30 

21 

50. 51 N 
172. 00 E 

VI-6 

12.00-14.00 

1 __ -=-0_1

1 

2.96 133.42 13.50 I ' i3.55 33.31 3.90 33.30 

102.95 I 33.353.4833.37 13.36 33.22 3.72 33.08 1---=--; 
25 12.85 I 33.213.45 :m.31 I '3.28 33.21 3.84 " 33.24 

50 10.75 I 33.261.66 33.33 -1~3~0- 33.35 -3.45-' -;-:28 

_' __ 75_'_1 0.38 133.21 I, 1.;-6 ~ 33.3Q~1,,:,3...:.15 33.21" ~46 --33.26 

100' 0.01 133.35 j 1.06 33.3512.3033.15 2.76 33.26 

, 150 1 2.88 133.89' 1.60 ~~50-1_ 2.1833.42 '3.62 33.40 

__ 2~ 3.34 34.04 ' 3.44 ' 33.99/' 3.01 33.89 3.60 33.70 

300 3.41 "34.17 '3.49 '34.13 3.94 33.83 

400 . 3.30 : 34.24..1=3.46':"~34.20 _3.84_/ 33.93 

__ 500 3.13 '34.293.30 __ 34.~_3.73_1 34.1S-

750 I 2.45 . 34.461 2.94 34.40 3.11 _34.29 
--1000-1 '3.08 ,34.52 2.86 34.34 

3.42 ' ' 34.16 

3.34 34.27 

3.13 I 34.31 

2.76 I 34.44 

2.72 1 34.53 
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Bull. Fat. Fish.~ Hokkaido Un;v. (VI, 2 

Observations obtained on the cruise of the "Oshoro ]Ylaru" in 1954 

Station 1 2 3 4 5 

Lat. 42. 15 N 42. 43 N 43. 23 N 44. 12 N 45. 04. N 
~ong. 145. 41 E 147. 21 E 148. 51 E 150. 38 E 152. 23 E -

Date V - 26' V - 27· V - 27· V - 28 V -28. 

Time 17.20-18.50 05.00-06.30 7.00-18.08 5.00- 6.00 7.00-18.15 

ITem. Is r' ITem. Is l" ITem- 1 Sal' - ITem- Is r 't ITem- IS l' 't perature a IDity perature a IDlty perature, mlty perature, a ID) y perature a ml y 

0 4.8 33.14 3.4 33.17 2.4 33.19 2.5 33.15 2.6 i 33.21 _._-- ----- .. 

10 4.84 33.15 3.35 33.15 2.27 33.17 2.30 33.17 2.28 i 33.17 --
I 25 3.78 33.30 2.46 33.21 2.02 33.17 2.34 33.15 2.02 33.17. 

-

50 3.26 33.30 1.79 33.21 1.79 33.18 1.66 33.21 1.8.2 33.21 ---. 

75 2.36 33.30 1.35 33.26 1.17 33.22 1.22 33.22 1.14 33.22 
-- -- -

--~ 1.91 33.25 1.13 33.26 0.86 33.28 1.06 33.22 1.46 33.38 
- -- -- ----

33.491 ISO 0.74 33.39 0.80 33.43 1.45 1.01 33.44 1.18 
--

33.57 
----

200 1.41 33.52 1.10 33.49 2.19 33.76 2.07 33.65 1.79 33.76 

. 300 2.46 33.78 1.71 33.68 2.71 33.94 2.96 33.94 2.54 33.85 
- - -

400 2.88 33.91 2.96 33.97 2.77 34.08 I 3.13 34.12 2.92 34.00 

600 2.99 34.14 2.97 34.23 2.89 34.281 2.90 34.28 2.94 34.24 

1 
34.381 

- - -~.- --- -

800 2.80 - 34.33 2.8.3 34.38 2.65 2.65 34.45 2.80 34.37 

34.461 
- ----

1000 2.68 34.33 2.68 34.45 2.58 2.41 34.47 2.52 34.59 

Station 6 7 8 9 10 

Lat. 45. 59 N 46. 52 N 47. 49 N 48. 39 N 49. 25 N 
Long. 154. 16 E 156. 02. E 157. 59 E 160. 07 E 162. 12 E 

Date V - 29 V-29 V - 30 V -30 V -31 

Time 5.00- 6.05 17.00-18.00 15.00- 6.58 16.40-17.40 4.05- 5.00 

ITem- I sr' ITem- I Sal" ITem- I Sal"' ITem- I Sal" ITem. I Sal' . perature a mlty perature mlty perature IDity perature IDlty perature IDlty 

0 2.0 33.33 1.6 33.21 1.7 33.28 1.5 33.30 1.8 1 33.30 
---- ---

10 1.89 33.44 1.41 33.21 1.59 33.24 1.41 33.22 1.79 ,33.48 
-

__ 25 1.87 33.30 1.36 33.21 1.64 
. 

33.24 1.45 33.24 1.78 33.22 - --

I 
50 1.65 33.30 1.28 33.21 1.49 33.26 1.38 33.24 1.66 33.24 

---

75 1.57 33.30 1.17 33.21 1.20 33.30 1.31 33.26 0.84 .33.26 ---
100 1.17 33.46 0.74 _33.22 1.02 33.27 1.06 33.24 _ 0.75_1 33.37 

__ 1~ 0.64 33.36 1.15 33.44 . 2.73 33.86 2.14 33.70 2.28 33.58 

200 0.8.3 33.38 2.64 33.77 3.44 34.03 3.15 33.95 3.37 1 33.89 .-

300 2.05 33.74 3.30 34.07 3.45 34.15 3.48 34.13 3.48 1 34.13 
--

400 2.38 33.81 3.15 34.16 3.32 34.26 3.32 34.20 3.33_ 34.25 

600 2.77 . 34.09 2.99 34.34 3.03 34.36 3.00 34.33 3.09 34.36 ---

- 34.44 1 2.85 800 2.87 34.27 2.85 34.46 2.80 34.60 2.80 34.43 -- --- -

1000 2.60 I 34.69 2.71 34.47 2.47 34.69 2.54 34.48 I 2.58 34.51 
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1955) Mishima & Nishizawa: Hydrographic Investigations in Aleutian Waters 

Station 11 12 
1 13 14 15 

-

Lat. 
Long .. 

50. 15 N-- --51~.-03=-=N"-----1 51. 44 N 
164. 28 E '166. 43 E 168. 43 E 

5~34N- 53. 14 N 
171. 04 E '173. 28'E 

Date v - 31 VI-I VI-I VI-2 VI-2 

Time 16.00-16.55 4.oo~ 5.00 16.05-17.00 4.00- 4.55 16.00-16.53 

I
Tem- I S I' 't 'ITem- I S I' 't ~Tem- I sr' ITem- Is r' ITem- I S r ' perature, a 1m y perature a Illi y I perature, a lllity perature, a llllty' perature, a Imty 

o 3.3 33.33 I 2.8 33.261 3.1 33.26 I 4.2 I 33.10 4.3 33.13 

10 3.17 33.281 2.64 33.26 2.63 Q3.26I' 4.12 1 33.08 3.89 33.12 

25 2.97 33.28 2.60 33.24 i 2.52 33.26' 3.95 1_ 33.08 3.78 33.15 

_~50_~ 33.28 2.36 33.261 2.46 33.261 3.85 1 33.083.36 33.13 

75 2.34 33.30 2.26 33~4 2.18 33.26 j 3.34 33.15 '3.36 33.17 

100 1.98 33.321_2.05 33.35 1.84 33.261 3.01 1 33.26 2.99 33.26 

150 2.22 33.48 2.99 33.68_ 2.83 33.78 1--2~6-- 33.36 3.00 33.15_ 

200 3.54 33.78 3.35 33.97 3.45 34.00 I 3.72 33.69 3.40 33.46 

300 3.82 34.02 3.64 34.071 3.45 34.11 I 3.95 34.13 3.94 33.84 

400 3.64 34.12 3.45 34.15

1 

3.35 34.20 I 3.83 34.05 3.84 33.98 

600 3.41 34'241::':19l 34.26 --3~ - 34:31- 3.58_34.20 3.54 - 34.16-

800 3.07 34.331 2~90_ 34.381 2.87 34.38 I 3.31 34.27 3.23 34.25_1 

1000 2.75 34.40 2.70 34.42 2.57 I 34.43 I 2.96 34.34 3.11 34~36 

Station 

Lat. 
Long. 

Date 

Time 

o 
10 

25 

50 

16 17 

53. 59 N 54. 19 N 
178. 13 E 179. 59 E 

VI-5 VI-6 

3.00- 4.05 I 15.00--15.55 

18 19 

54. 38 N 54. 51 N 
'177. 54 W '175. 40 W 

VI-6 VI-6 

'3.05- 3.57 I 15.05--16.10 

20 

55. 06.N 
173. 09 W 

VI-7 

3.04- 3.55 

I~;turel Salinity I~~ure! Salinity I~~~urel Salinity I~~~urel Salinity t~~~urel Salinity 

I 3.8 33.26 I 4.5 33.33 j '3.9 33.37 4.2 33.19! 4.4 1 33.39 

3.57 33.26 I 4.04 33.28 1 3.69 33.28 ,3.95,. 33.19 1 4.27 33.39 

3.73 33.26 4.01 33~~6~, 3.84_ 33.51 3.86 33.17 4~1~1 33.39 

3.76 33.28_3.96 33.26 3.74 33.28 3.45 33.30 _ 3.94 _1~.39 

1 __ -,7.::c5 __ 1_-"3",-.1,,,,5~1!--=3:.::.3.:..:.3:..::0_:_-,,3:.:..82=--1--,33.26 2.92 33.31 3.62 33.21 3.08 

1---=1:.::.00,,-----1--=2,,-,. 64=-'1 __ 3=::3=-=..=31=-1 3.42 _3?-.'2S-I __ 2.36 ,33.33 3.05 33.28 1 2.71 

33.39 

33.40 

1_---'1=::5c.=,0 __ :_-=2.:.c. 7c..;.7 __ 1-=-33=,-.,-,4!=-9_:1--=2.:.c.88=-_, __ ~33=,-.~3-=-.5 2.68 33.42 2.38 3'i.44 2.00 33.46 

2.91 33.40 1 2.90 33.51 2.80 33.49 2.88, 33.55 
i 

200 3.35 33.71 

__ 3~ 3.80 3.36' 33.641 3.40 33.77 3.74 33.87_ 3.71"--1--=33:.:."",96::"1 

_---=:400=-_1--=3.:.:. 7.=2 __ 1 . ....:3::.:4c:.c. 0::.:4c..1 3.45 '33.89 3.56 '33.95 3.66 34.11 3.51 34.11 

600 3.40 34.20. 3.38 34.,20 I 3.45 34.16 3.48 34.20 3.38 34.27 

33.91 

800 3.17 34.25 3.18 34.27 I 3.14 ' 34.25 3.15 34.31 3.13 34.42 
1000 ------ - 2.95 34.34 2.81--1: 34.34:' --;.-;-- 34.33 2.71 34;49 
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Buli; Fac. Fish:, Hokkaido Uitiv. (\IT,2 

Station 

I 
21 

I 
22 23 24 I 25 

Lat.' 55. 25 N 55. 46 N 56. 22 N 54. 43 N 
I 

52. 43-N 
Long. 170. 37 W 167. 58 W 165. 16 W 165. 56 W 171. 24 W 

Date VI - 7 VI-8 VI-8 VI - 15 I VI - 16 

Time 15.00-15.53 I 2.22- 2.37 14.00-14.10 9.00- 9.48 I 15.05-15.26 

'ITem- j S 1" ITem- I S 1" 'ITem- I" l' 't ITem- IS 1" ITem- I-s l' 't pera~ure a ]mty perature a lmty perature;:,a Ill] y perature a Imty perature a 1m y 

1 __ -'°"--_11_ --=5:..::.3=--'_ 32.84 5.3 _32.361 5.0 31.741 5.2 I 32.72 _4£_ 33.08 

__ :-lco"-_�----'5::c:.-=53=---�--=3=2.84 5.35 32.36 5.06 31.91 5.33 I 32. 70 ~.15 _ 33.21 

1 __ --=2:.::5 __ 1---=5-.2""1=--11--=3.=2--'.84=--1--=5---'.15- 32.36 0.39_ 31.91 4.22 __ 32.86 4.61 33.42 

1 __ --=5:.::0 __ I--4--'.2~5_1----'3~2_.95 3.74 32.45 -0.76 31.96 4.55 32.90 __ 4_._03 __ 33.44_ 

1 __ ...:.7=..5 __ 1_-=-4.=-:4=-9_1_-,,32.,90 3.48 32.77 ___ ___ 4.15 32.95 4.00_ 33.51_ 

1_----C:1c::.oo=---_I---=3c.c..=10'-I---=33::c:.=26=... 3.46 32.95 ~ 33.10 3.86 

1_~1=5-"-0 __ 1_3.01 33.40 ----

200 

300 

400 

000 

800 

1000 

Station' 

Lat. 

1 

1 

I 

I 

3.36 33.51 ---
3.75 33.78 

3.59 33.91 

3.30 34.18 

2.93 34.45 

2.54 34.52 

26 

51. 10 N 

----- ------ -----

- ~-- - "-

~-- - -----

I 
27 28 

49. 47 N 49. 41 N ' 
I 172. 52 W 176. 11 E 171. 16 E Long~· __ I-~~~~ __ :_~=-==--~ __ :_~~~~_ 

Date VI - 17 VI - 19 VI-20 

Time 8.30- 9.25 13.15-14.10 13.00-14.02 

I
Tem- I S I" 't ITem- 1 Sal" 't ITem- I S I" 't perature a Illi y perature 1m y perature a tnl y 

1-----'1~'------1-,--'-:--':~'--2-1 :::::: :::5 33.13 ::~4 1 ::~: 
z 4.$ I 32.95 4.00 33.H 4.~ 33.21 

50 4.89 32.95 4.18 33.15 3.95 33.22 -
I 3.26 33.10 3.43 33.26 2.82 33.22 ----
I 3.10 33.26 3.06 33.42 3.34 33.30 

75 

100 

3.96 

1 

33.771 3.54 33.98 3.65 33.96 

4.18 34.041 3.80 34.07 3.67 34.05 
150' __ 1---"-'-'=--
200 ---
300 ,4.06 34.1413.71 ' 34.18 3.68 34.16 -

I 3.80 34.221 3.39 34.27 ~ 34.31 

3.46 34.33 3.14
1 

34.38 ~ 34.42 

3.18 I 34.431 2.87 34.49 2.78 34.49 

400 

600 

800 

1000 2.75 I 34.52 ! 2.44 I 34.56 2.52 34.56 
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3.59 33.21 

3.70 33.35 

1 I 
1 1 

1-' 
,-~ 

I 

33.55 

---
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