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Turbidity Distribution of the Berin~ Sea in the Summer 

Kichiichiro KAWANA* 

Abstract 

The vertical and horizontal distributions of turbidity were measured in the 
Bering Sea by using in situ turbidity meters, during the 24th and 28th cruises of 
the T.S. Oshoro Maru in 1967 and 1968. 

It was found from continuous measuring that the turbidity of the ocean water 
varies very smoothly and continuously in the horizontal direction. 

The vertical distribution of the turbidity tends to be nearly uniform in the 
convection layer and then changes suddenly at the thermocline. The thermocline 
presents a firm barrier against the downward transp:>rt of suspende:i material. 
Below the thermocline, turbidity decreases gradually with depth increase where
as in the shallow continental shelf it increases toward the bottom due to the 
disturbance of the water flow. 

The water masses of the Bering Sea can be classified into the following four 
types from the turbidity distribution; turbid water of the northern side of the 
Aleutian Islands, clear water of the Bering b:l.sin, water of the continental shelf 
and the coashl water near Bristol Bay. 

Introduction 

Studies on the turbidity of sea water and suspended matter in the sea are 
regarded as important in several fields of oceanographic research, i.e. water mass 
analysis, stratification of waters, propagation of light, phytoplankton production, 
etc .. 

Many measurements of turbidity have been reported from early days with the 
use of optical methods. Joseph!) measured the extinction coefficient of sea water 
in situ, using a turbidity meter and attempted to explain the change of turbidity 
in the sea from the diffusion theory of suspended matter. Jerlov2) ,3) sampled sea 
water and measured its light transparency and light scattering by the use of a 
Tyndall meter. Fukuda et al. 4) designed an in situ turbidity meter and measured 
the turbidity distribution in the North Pacific and the Bering Sea. Nishizawa et 
al. 5,6) reported the relation between the turbidity distribution and some 
oceanographic factor in the Eastern China Sea and in the Subarctic Water of the 
North Pacific. 

In recent years, Ewing and Thorndike1) observed the turbid layer near the 
ocean floor by an in situ photographic nephelometer. This turbid layer was called 
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the nepheloid layer. Eittrein et a1.8 ) also observed this layer in the North 
American Basin. In the Arctic Ocean, Hunkinks et al.9) showed that there is a 
close relationship between the nepheloid layer and bottom currents. Pak et aVO) 
measured the light scattering of sea water in the upwelling area and studied tem
perature inversion. Neuyminll) reported overall information about the in
homogeneities of optical properties in deep ocean water. Takematsu et a1.12) 

measured the suspended matters in the sea water off the coast of Tokai Mura and 
put into sufficient evidence the relation between these properties. and the 
distribution. 

The present author carried out the turbidity measurements in the Bering Sea 
with an in situ turbidity meter during the observation cruises of the T.S. Oskoro 
Maru in the summers of 1967 and 1968. The Bering Sea is very good· fishing 
ground for salmon and many oceanographic investigations have been reported. (for 
instances, Koto and Fujii13), Uda14) , Dodimead et aUS), Ohtani16» In this 
paper, the obtained results are described in relation to the turbidity distribution 
and some oceanographic conditions. 

Method of Measurement 

During the oceanographic observation cruise of 1967, the vertical and hori
zontal distributions of turbidity were measured. The measurements of the verti
cal distribution were carried out from surface to a depth of about 70 m by an in 
situ turbidity meter designed by Nishizawa17). The horizontal distribution was 
measured continuously with a turbidity meter which was placed in a laboratory 
room of the T.S. Oshoro Maru. The room was equipped with pipes which were 
connected to the bottom plate of the boat and opened to the sea water underneath. 
Water was sucked through the pipe automatically and continuously by 
hydrostatic pressure difference. The sea water, passing through the pipe and a 
rubber tube, flowed into the plastic tube of the turbidity meter. The measurements 

Fig. 1. Diagram of the turbidity meter. The left side shows the lamp chamber and the 
right side the photocell chamber. 1: lamp, 2: lamp adjustment screw, 3: collimating 
lens, 4: window glass of the lamp chamber, 5: window glass of the photocell chamber, 
6: collimating lens, 7: pinhole, 8: red filter (Kenko R2), 9: CdS-photoresistor. 
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of turbidity were begun right after the ship's departure from a hydrographic 
station and continuous records were obtained until the next station was reached. 
The read-out of the turbidity meter gave average values of the turbidity of 
surface water always at the same interval of about 500 m, because the boat speed 
was almost constant during the entire cruise. This meter was designed by TanI8}. 

Both turbidity meters mentioned above consist of photocells and red colour filters 
(Kenko R2) and have a peak sensitivity at the wavelength of 650 mI'. 

During the cruise of 1968, the vertical distribution of turbidity and tem
perature were measured simultaneously by an in situ turbidity meter equipped 
with a thermistor. That turbidity meter was a common type, its optical system 
consisting of a lens-pinhole system as is shoW'll in Fig. 1. The light source was 
a tungsten lamp (6V, 1A) and the light flux from the lamp was converted to a 
parallel beam by a collimator lens (f=50 rom). The light path was 50 cm and 
the transmitted light through the sea water was converged by a lens (f=50 mm). 
The converged light passed through the pinhole and the red colour filter (Kenko 
R2) and reached the detector. The detector of this meter consisted of a CdS-photo
resistor. The electrical circuit of this meter is shown in Fig. 2. The upper 
and lower portion of the figure show the bridge circuit of the turbidity meter 
and the lamp circuit respectively. The compensation system which takes care of a 
variation of electric voltage is composed of another pair of a lamp and a. photo
resistor. Main and compensation photoresistors are connected as two elements in 

TURBIDITY 

IK 

...--_____ -o:,2V,IA 

@J 
Fig. 2. Diagram of electric circuit of turbidity meter. The upper circuit shows the 

birdge circuit of the turbidity meter and the lower its lamp circuit. 
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the Wheatstone bridge. The difference of their output is fed into a recorder. 
The calibration of this meter was carried out at the laboratory using sevral 

neutral filters. Mter the adjustment of the detector circuit in the air, the 
underwater unit was placed in a tank Bled with distilled water. Then several 
neutral filters of different density were inserted in the light path. The density of 
each neutral filter was determined by the ratio of the resistance values of the 
photoresistor of the turbidity meter before and after the insertion. The relation 
between the resistance value 0 and the light intensity I is given in the following 
empirical formula. 

I = 204.2 X 0-1.17 

Next, both photoresistors of the turbidity meter and of the light compensation 
were connected in the Wheatstone bridge and the reading of the meter was taken. 
This procedure was repeated with each neutral filter. Finally, a transmission 
measurement of a sample of the distilled water used to fill in the tank was made 
by the use of a laboratory spectrophotometer with a 10 cm cell. 

In this paper, the turbidity distribution is discussed in relation to the 
:values substracting the attenuation by water alone from measured values. The 
attenuation coefficient by water alone is adopted 0.30 per meter at 650 rn.p. from 
the measurement by Dawson and Hulbert19). 

Results and discussion 

The locations of the hydrographic stations of the cruise 24 and 28 of the T.S. 
Oshoro Maru in 1967 and 1968 are shown in Fig. 3. Temperature and salinity were 
measured at all hydrographic stations. The measurements of the vertical distribu
tion of turbidity were carried out using the in situ turbidity meter at the stations 
marked with filled circles in Fig. 3. The measurements of both cruises were 
done mostly in June south of 600 N and in July north of it. In the latter region, 
the opportunities to use the turbidity meter were very few because of bad 
weather. Therefore the turbidity distributions are discussed mainly for the re
gion south of 60oN. 

The geopotential topographies of the lO-decibar surface relative to the 800 
decibar surface in 1967 and 1968 are shown in Fig. 4. On the shallow continental 
shelf, the geopotential topographies of the 10-decibar surface relative to the 
50-decibar surface are also shown in the same figure. It is well known that the 
Alaskan stream, which originates in the Gulf of Alaska, flows westward along the 
southern side of the Aleutian Islands. The major part of this stream enters the 
Bering Sea close to the west of Atuu Islands and through the channels between the 
Islands. As is evident from Fig. 4, the Alaskan stream moves toward the east or 
northeast along the northern side of the Aleutian Islands in the Bering Sea, and 
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Fig. 3. Hydrographic stations of the cruises of the T.S. OSMro Maru to the Bering Sea in 
1967 and 1968. 

then swings northwesterly along the bottom contour forming a large counter-clock
wise circulation. It is well known that the region along the northern side of the 
Aleutian Islands is the complicately mixing area of the easterly flow and the 
inflow water through the channels. During both cruises, small counter-clockwise 
eddies are formed in the large circulations. These are seen at 45°N, 173°W in 
1967 and 56°N, 172°W in 1968. 

On the shallow continental shelf, most water flows northward, however a 
part of it perhaps turns toward the southwest, and then flows southwestward along 
the Asiatic coast. A part of the northward flow passes through the Bering Strait. 
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Fig. 4. Geopotential topographies of the lO-decibar surface relative to the 800-decibar 
surface in 1967 and 1968. On the shallow continental shelf are shown geopotential 
topographies of the 10-decibar relative to the 50-decibar surface. 

1. Continuity of the turbidity 

The horizontal distribution of turbidity of the surface water obtained by 
continuous measurements in 1967 is shown in Fig. 5 and Fig. 6. The data of Fig. 
5 was obtained from Station 5 to Station 8 on the course along the 178°W and Fig. 
6 was from Station 35 to Station 38 on the course along the 167°W. The vertical 
and horizontal coordinates of these figures give the reading of the turbidity meter 
and the distance along the ship's course respectively. During the cruise, the 
photocell of this meter was exchanged owing to some troubles making it impossible 

60 

~ 40 
ii: 

~20 
~ °rt---,--~~~~--,----.L--,----~~ 

§ -20 

~ -40 

~ 
-60 

Fig. 5. Horizontal distribution of turbidity of the surface layer obtained on the course 
along the 178°W in 1967. 
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Fig. 6. Horizontal distribution of turbidity of the surface layer obtained on the course 
along the 167°W in 1967. 

to use the calibration curve which had been drawn up before the cruise. The 
level of turbidity was shown as the reading of the trubidity meter. The reading 
decreases with the increasing turbidity. Fig. 5 shows a monotone and smooth 
change of turbidity and Fig. 6 shows several abrupt changes of turbidity. In both 
figures, however, the change in turbidity is not as violent as the case for 
"patches". The whole distribution and change of turbidity are subject to 
discuss from the data obtained at the hydrographic stations which Were several 
miles apart each other. 

1967 6 15 
STIO 

Fig. 7. Vertioal distribution of turbidity at the Bering Baain. 
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Fig. 8. Vertical distribution of turbidity at the continental shelf. 

2. Vertical distribution 

1968 627 
5142 
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The typical pattern of vertical 
distribution of turbidity and tem
perature obtained at the Bering basin, 
the continental shelf and the coastal 
area are shown in Fig. 7, and Fig. 8 
and Fig. 9 respectively. It is seen 
from the temperature distribution that 
the convection layer in this area has 
a thickness of 20 to 30 m, and the 

thermocline is formed at the bottom 
Fig. 9. Vertical distribution of turbidity 

near the coast. 
of the convection layer. The turbidity 
is nearly uniform down to the thermocline and then it changes suddenly with the 
gradient similar to that of temperature. The thermocline works as a firm barrier 
against the downward transport of the suspended material. Most of the suspended 
particles stay inside the convection layer and accumulated at the thermocline 
where the change of density is abrupt. It is postulated that among those particles 
inorganic matter coheres and sinks down piercing through the thermocline whereas 
organic matter stays and decays inside the convection layer. 

The turbidity of the Bering basin water is relatively low. The temperature 
jumps as well as turbidity changes at the thermocline are smaller than those at 
other areas. The gradient of turbidity change is quite similar to the temperature 
gradient. It is considered that the turbidity can be an effective parameter of 
water mass analysis in the same manner as temperature. 
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As is evident from Fig. 8, the maximum of turbidity is found at the thermo
cline clearly showing that the accumulation of the suspended matter was formed 
at the thermocline. The fine fluctuations of turbidity are also observed on the right 
hand side of Fig. 8. 

Fig. 9 shows turbidity distribution of very shallow coastal area. The turbidity 
and temperature are almost uniform from the surface to the bottom because of a 
vertical mixing. But near the bottom, the turbidity increases due to the 
upward transport of the sediment. 

3. Horizontal distribution 

Horizontal distribution of temperature and salinity at the 10-m level in 
1967 and 1968 are shown in Fig. 10 and the distribution of turbidity in Fig. 11. As 
is observed in Fig. 10, it is the general feature of the surface layer that the isohaline 
lines nearly parallel to the continental shelf and decreases toward the coast. The 
oceanic water of high salinity influenced by the Alaskan stream is distinguished 
clearly from the continental shelf water by the isohalines from 33.2%0 to 32.8%0. 
Near Bristol Bay, there is coastal water which has high temperature attributable to 
the heat transfer from the sun and fresh inland water. 

The comparision between the temperature in 1967 and in 1968 indicates that 
the former is generally higher than the latter due to the fact that ice thawed 
earlier in 1967. In 1968, relatively cold water influenced by ice thaw expanded 
from the northern side of the continental shelf to the Bering basin. 

Fig. 10. Horizontal distribution of temperature and salinity at the depth of 10 meters 
in 1967 and 1968. 
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175"W 17O"W 
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1967 1968 

Fig. 11. Horizontal distribution of turbidity at the depth of 10 meters in 1967 and 1968. 

60 600N 

!IO'N 

:~ 
~ . . ' 

1967 

Fig. 12. Horizontal distribution of turbidity at the depth of 70 meters in 1967 and 100 
meters in 1968. At the shallower stations than 70 and 100 m, values of the 
turbidity near the bottom are adopted. 

It is seen from the distribution of turbidity that the water of the northern 
side of the Aleutian Islands and the continental shelf are very turbid, while water 
mass of the Bering basin is very clear. 

The northern side of the Aleutian Islands is a complicated mixing area of 
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Fig. 13. Vertical sectional distribution of turbidity, temperature and salinity on the 
course along the 178°W in 1967. 

the easterly Alaskan stream a.nd the inflow water through the channels. The inflow 
wa.ter is clearly recognized from the distribution of turbidity near the Unimack 
channel. While passing through the channels, the turbidity of sea water increases 
rapidly. This turbid inflow water is considered to be responsbile for the high turbi-
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dity of the northern side of the Aleutian Islands. 
The oceanic water in the Bering basin is very clear and expands toward the 

continental shelf like a tongue. But this tongue has no counterpart in tempera
ture and salinity distribution. 

The turbid water of the continental shelf is most likely ice thawed water. 
There is also turbid water near Bristol Bay. 

During the both cruises, the existence of a small counter-clockwise eddy which 
is seen in the geopotential topography (Fig. 4) is very clear. Fig. 11 presents 
a clean water patch in the eddy area which is due to the upwelling of clear water 
from the deep layer. 

The distribution of turbidity at the 70 m level in 1967 and at the lOO m level 
in 1968 are shown in Fig. 12. On the shallow continental shelf, the distribution of 
turbidity near the bottom are shown in the same figures. 

In the same manner as the distribution of turbidity at the lO m level, the 
water mass can be classified into the following four types; water of the north
ern side of the Aleutian Islands, clear water of the Bering basin, water of the 
continental shelf and coastal water near Bristol Bay. Very turbid water is seen 
near the bottom of the shallow continental shelf. This is the effect of the 
sediments transported from the seabed. 

4. Vertical sectional distribution 

Fig. 13 shows a vertical sectional distribution of turbidity in 1967 which runs 
along longitude 178°W. The distributions of temperature and salinity are also 
shown in the figure. It is clear from the temperature distribution that some 
intermediate cold water is found on the northern side of Station 6 indicated by the 
isotherm of 3.0°0. The southern side of this isotherm is a complex mixing area 
influenced by the Alaskan stream. This region is very turbid whereas the intermedi
ate cold water is very clear. 

Conclusion 

From the characteristics of turbidity, the water masses in the Bering Sea can 
be classified into the following four types; water of the northern side of the 
Aleutian Islands, clear water of the Bering basin, water of the continental shelf 
and coastal water near Bristol Bay. But in this study, turbidity is measured by 
using only an optical method so that the measured values are considerably 
influenced by the size distribution of particles and the light absorption by dissolved 
materials. These suspended matters in the sea water experience very complicated 
processes such as, sedimentation, dissolution, coagulation, etc .. ' Thus the turbidity 
of sea water is not a characteristic for the water mass which is conservative during 
a long time. It is recognized, however, that patterns of distribution of waster 
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masses for a limited time interval can be sensibly traced on referring to the turbidity 
distribution. 
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