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ABSTRACT
Physical and chemical data were obtained by the USCGC

NORTHWIND (WAGB-282) in the Bering Sea-Bering Strait

area during 8-21 June 1969. Distributions of temperature, salin-

ity, dissolved oxygen, inorganic phosphate, nitrate and nitrite

are described and interpreted. The Deep Shelf Water of the

Bering Sea was traced farther north in June than ever before

reported.

Editor's note: Reference to a product or comment with respect to it in

this publication does not indicate, or permit any person to hold out by
republication in whole or in part or otherwise, that the product has been
endorsed, authorized, or approved by the Coast Guard.
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Oceanograpliic Investigation of the

Northern Bering Sea and Bering Strait

8-21 June 1969

David M. Hushv ' and Gary L. Hufford -

INTRODUCTION

The U.S. Coast Guard Oceanographic Unit

has been conducting investigations of summer
conditions in the Bering Sea-Bering Strait-

Chukchi Sea area since 1967. Results of the

1967 and 1968 investigations have been pub-

lished as part of the Coast Guard Oceano-

graphic Report series (Husby. 1969 ; and Husby,

in preparation). This report contains the ocean-

ographic results obtained in this area on the

cruise of the USCGC NORTHWIND (WAGB-
282) during 8-21 June 1969. The main purpose

of this investigation was to provide information

on the summer circulation and the interaction

of the water masses in the northern Bering Sea.

The Institute of Marine Science of the Univer-

sity of Alaska participated in the cruise with a

secondary purpose to investigate the physical

and chemical parameters governing the biologi-

cal productivity of the Bering Sea.

The importance of the flow through the Ber-

ing Strait to the hydrography of the Arctic

Ocean has been described by Coachman and
Barnes (1961) and Gushchenkov (1964). The
relatively warm Bering Sea water flows north-

ward through the Bering Strait, mixes with the

colder Siberian Shelf water in the Chukchi Sea,

and then intrudes into the Arctic Ocean at sub-

surface levels in the Beaufort Sea gyral. In

summer the Bering Sea water which flows into

the Arctic Ocean is probably the main compo-

' U.S. Coast Guard Oceanographic Unit. Present ad-

dress: Department of Oceanography, University of

Washington, Seattle, Washington 98105.

2 U.S. Coast Guard Oceanographic Unit, Bldg. 159-E.

Washington Navy Yard, Washington, D.C. 20390.

nent of the temperature maximum layer at

75-100 meters in the western basin of the

Arctic.

METHODS

In investigation of the general physical and

chemical oceanography of the northern Bering

Sea was conducted during 8-21 June 1969 by

personnel from the U.S. Coast Guard Oceano-

graphic Unit. A total of 73 oceanographic sta-

tions were occupied in water depths which

rarely exceeded 50 meters (fig. 1). At each

station a Nansen bottle cast was made to obtain

measurements of temperature, salinity, and

the concentrations of dissolved oxygen and in-

organic nutrients. Observations were made at

5-meter intervals from the surface to near

bottom on each cast.

Water temperature was measured at each

level by a pair of deepsea reversing thermom-
eters. Corrected temperatures from the pair of

thermometers were averaged when the differ-

ence between them was less than 0.05C°. The
resulting in situ temperatures are considered

accurate to within ±0.025C°.

Water samples were drawn from each Teflon-

lined Nansen bottle and determinations of sa-

linity were made aboard the ship using a

Bissett-Berman Model 6220 inductive salinom-

eter. Replicate determinations were made on

each sample and the resulting salinities are

believed to have a laboratory accuracy of

it.005%o. The conductivity values obtained were
converted to salinity by use of the International

Oceanographic Tables published jointly by
UNESCO and the National Institute of Ocean-
ography of Great Britain (UNESCO, 1966).



Dissolved oxygen content was determined by

a modified Winkler method using sodium thio-

sulfate as a standard and a starch indicator to

determine the titration endpoint. Water samples

were drawn from each Nansen bottle imme-
diately upon retrieval and treated with both

manganous sulfate and alkaline iodide. Repli-

cate determinations were made on each sample

and the oxygen values are believed accurate to

at least ±0.03 ml/1.

Two samples were drawn from each Nansen
bottle in 125 ml polyethylene bottles and imme-
diately frozen in the ship's freezer. These

frozen samples were returned to the Coast

Guard Oceanographic Unit for determination of

concentrations of inorganic phosphate, nitrate,

and nitrite. The methods outlined in the manual
of Strickland and Parsons (1965) were used.

Underwater photographs were taken at 25

stations using a Geodyne Model 205 bottom con-

tact camera for study of benthic organisms as

as well as indication of bottom currents. The
photographs were not compass-oriented, so no
quantitative information was obtained on bot-

tom currents. These photographs are retained

by the Coast Guard Oceanographic Unit and
will be the subject of a future report.

Three scientists from the University of Alas-

ka Institute of Marine Science conducted inves-

tigations of primary productivity, organic

carbon, and trace metal distribution. A total

of 10 stations were taken in conjunction with

hydrographic stations, usually near 0800 hours
local time. At each station, approximately 30
liters of water were collected from four different

depths corresponding to measured light extinc-

tion levels. Water was drawn from each sample
to measure nitrate, total nitrogen, phosphate,

total phosphorus, silicate, and ammonia con-

centrations as well as plant pigments. Portions

of each sample were utilized to measure organic

carbon content and to perform carbon and nitro-

gen uptake experiments. At selected stations,

vertical tows for phytoplankton were conducted
from near bottom to the surface with a number
20-mesh nylon net. Water samples were ob-

tained at the same locations and depths as the

productivity stations for later analysis of trace

metal content. All these data are retained by
the University of Alaska, Institute of Marine
Science, and will be published in their report
series.

DESCRIPTIO> OF WATER MASSES

The distribution of water properties near the

surface in the northern Bering Sea and Bering
Strait in June 1969 was generally similar to

conditions observed in the past (Barnes and

Thompson, 1938; Goodman, et al., 1942; and
Saur, et al., 1954). Warm water (5-8°C) of low

salinity (<31.5%o) was found in the surface

layer along the Alaskan coast (figs. 2 and 5).

Water with these properties was first labeled

as Alaskan Coastal Water (ACW) by Saur,

et al. (1954), and is recognized by more recent

authors (Coachman and Aagaard, 1966). This

water mass had an oxygen content between
7.0-7.5 ml/1, which was near saturation. The
warm, low salinity water seen at stations 20-27

in the northwestern portion of Norton Sound
was probably the result of runoff of the Yukon
River (figs. 13 and 14). The low salinity surface

water of the entire region reflects the large

fresh-water discharge of the Alaskan and Si-

berian Rivers. The most important rivers are

the Yukon in Alaska, which has a mean annual

discharge of 6220 mVsec, and the Anadyr River

in Siberia which has a mean annual discharge

of 1660 mVsec (Sokolov, 1964).

A relatively cold, low salinity surface water
mass (1.0 to 2.5°C, 31.4 to 32.3%o) with an

oxygen content of 9.0 to 10.0 ml/1, found on the

western side of the survey area has not been

classified previously (figs. 8-10, 13-15, 18-20,

23-25, 28-30, and 33-35). This water may have

been advected through the Strait of Anadyr to

the north, but its relatively high salinity pre-

cludes runoff from the Anadyr River as a major
component.

In the western portion of the area of investi-

gation, a cold (0.5-2.0°C), highly oxygenated
(8.0-9.5 ml/1), saline water mass (31.9-32.5%o)

was found which corresponded closely with the

Modified Shelf Water (MSW) described by Saur,

et al. (1954). This MSW was found in 1969
along the east and west coast of St. Lawrence
Island in sections A-A' and B-B', then near

the bottom in the middle of section C-C and
from the surface to near the bottom in the

western portions of sections D-D', E-E', and
F-F' (figs. 8-10, 13-15, 18-20, 23-25, 28-30,

and 33-35.

Near the bottom of the western portion of

the survey area (figs. 4 and 7), a water mass
seemed to intrude northeastward from the



Strait of Anadyr west of St. Lawrence Island

to the Bering Strait then northward through

the Strait (66°33'N). This water mass had the

lowest temperatures (0.0 to -1.7 °C) and high-

est salinities (32.4-32.9%o) in the entire survey

area. The oxygen content of this water mass

ranged from 8.0 to 9.0 ml/1, which was near or

greater than the saturation value for these

temperatures. A water mass having similar

characteristics was labeled as Deep Shelf Water

(DSW) by Saur, et al. (1954). This DSW
showed an increase in temperature, but a rela-

tively constant salinity as it was traced to the

north. DSW rarely has been reported (Grider,

1968) as far north as the Bering Strait in the

summer.
The origin of the DSW remains unclear.

Grider (unpublished, 1968) stated that this

cold, saline water seemed to concentrate near

the eastern and western ends of St. Lawrence

Island in July 1968 and that this should give

some clues to its origin. Saur, et al. (1954),

said this water originated from freezing of sea-

water on the Bering Sea Shelf in the winter.

The distribution of properties near the bottom

in June 1969, with the coldest temperatures in

the Strait of Anadyr, suggest the Gulf of

Anadyr, or the central Bering Sea as possible

source regions. No direct measurements of cur-

rent were made to substantiate the inferred

direction of flow; however, the CGC NORTH-
WIND was observed to drift nearly 1.5 miles

to the northeast in approximately one hour

while occupying station 2 west of St. Lawrence

Island. The fact that the DSW could be traced

as far north as the Bering Strait suggests that

there may have been a northward flow in the

western channel of the Bering Strait in June

1969.

A zone of transition of mixing was observed

between the Alaskan Coastal Water and the

Modified Shelf Water in all the cross sections

in the eastern portion of the survey area. This

transitional zone corresponds to the water mass
labeled Intermediate Water (2-4°C, 31.5-

31.9%o) by Saur, et al. (1954). Beyond section

C-C, this zone was characterized by a nearly

homogenous vertical distribution of properties

(figs. 23-37).

DISTRIBUTION OF INORGANIC NUTRIENTS

The distribution of nutrients showed great

spatial variation. Nitrate was entirely absent

or present in low concentrations (<1.6 /xg-at/1)

in the surface waters of the eastern portion of

the survey area; however, concentrations in-

creased towards the western side of the area

with the highest values (12-16 ^ig-at/1) found

along the Siberian coast (figs. 12, 17, 22, 27,

32, and 37). Nitrite was absent or in very low

concentrations at all depths throughout the

entire area of study. Surface concentrations of

inorganic phosphate increased from less than

0.8 /i.g-at/1 on the eastern side of the area to

maximum values of 1.6 /xg-at/1 near the Si-

berian coast (figs. 11, 16, 21, 26, 31, and 36).

The horizontal gradients of inorganic nu-

trients at subsurface levels were similar to

those at the sea surface, but higher concentra-

tions were involved. The highest values of phos-

phate (>2.0 /Ltg-at/1) and nitrate (>18.0 /xg-

at/1) occurred in the Deep Shelf Water on the

western side of the survey area (figs. 11, 12,

21, 22, 26, 27, 31, and 32). There was a decrease

in both phosphate and nitrate values northward

in the Deep Shelf Water, indicating flow to the

north. The high inorganic nutrient concentra-

tions in the DSW could be used to determine

the source of this cold water. The distinct strati-

fication of the water in the northern Bering

Sea and Bering Strait indicated by the tem-

perature and salinity distributions was dupli-

cated by the distribution of nitrate and phos-

phate. The large gradients of the nutrient

concentrations corresponded with similar gra-

dients of temperature and salinity suggesting

the possibility that these inorganic nutrients

may be considered as quasi-conservative prop-

erties in this limited area of investigation.

The source of the high nutrient concentra-

tions in the western portion of the Bering Sea

and Bering Strait has not been determined.

Barnes and Thompson (1938) suggested the

Gulf of Anadyr as a source. Coachman and

Aagaard (1966) have stated that the distribu-

tion of properties in the northern Bering Sea

and Bering Strait is probably determined by

advection into the area. Our data do not solve

the problem, but the nutrient distributions

found in 1969 do suggest that the Gulf of Ana-

dyr is the source of the high concentrations.

The Anadyr River has a mean annual dis-

charge of 1660 mVsec (Sokolov, 1964) into the

Gulf, and there are several smaller streams in

3



the area adding to the runoff. The importance

of river runoff as an input of nutrients into

the sea is well known. However, no data are

available on the nutrient load of the Siberian

rivers.

Another possible source for the high nutrient

concentrations in the western Bering Sea is the

recycling of the nutrients back into the water

column by turbulent action of bottom currents

across shoal areas. The northern Bering Sea

and Bering Strait are very shallow (less than
60 meters) with bottom currents of 16 to 76

cm/sec measured in the western portion (Coach-

man and Aagaard, 1966). Our data show no

information to resolve the role of this mecha-
nism
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Figure 1. l,oralit>ii t)f .stations and sections in Bering Sea and Bering Strait, 8-21 June 1969.
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Figure 2. Horizontal dUlribulion of sea surface temperature (°C) in Bering Sea and Bering Strait, 8-21 June 1969.
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Figure 3. Horizontal distribution of temperature (°C) at 15 meters in Bering Sea and Bering Strait, 8-21 June 1969.
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Figure 4, Horizontal diiitribution of tompcrature (°C) at 30 meters in Bering Sea and Bering Strait, 8-21 June 1969.
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Figure 5. Horizontal distribution of salinity (%•) al the sea surface in Bering Sea and Bering Strait, 8-21 June 1969.
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Figure 6. Horizontal diKtribulion of galinily (%•) at 15 meters in Bering Sea and Bering Strait, 8-21 June 1969.
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Figure 7. Horizontal distribution of nalinily (%,) at 30 meters in Bering Sea and Bering Strait, 8-21 June 1969.
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Figure 8. Vertical distribution of temperature (°C) along section A-A' during Arctic West, 8-16 Jane 1969. Contour

interval is 0.5°C.
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Figure 9. Vertical distribution of salinity (X,) along sertion A-A' during Arctic West, 8-16 June 1969. Contour

interval is 0.\%,.
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Figure 10. Vertical distribution of dissolved oxygen (ml/l) along section A-A' during Arctic West, 8-16 June 1969.

Contour interval is O.S ml/l.
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Figure 11. Vertical distribution of inorganic phosphate (;ig-at/l) along section A-A' during Arctic West, 8-16 June

1969. Contour interval is 0.2 /ig-at/1.
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Figure 12. Vertical distribution of nitrate (^g-at/1) along section A-A' during Arctic West, 14—16 June 1969, Contour

interval is 2.0 fig-at/i except between 18.0 and 30.0 /ig-at/I where the interval is 12.0 fig-at/i.
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STATION NUMBER

NORTHEAST CAPE
CAPE NOME

Figure 13. Vertical distribution of temperature ("C) along section B-B' during Arctic West, 16-17 June 1969. Contour
interval is 0.5'C except between 1.5 and 1.9''C.

NORTHEAST CAPE

STATION NUMBER

28.9 CAPE NOME

Figure 14. Vertical distribution of salinity (%,) along section B-B' during Arctic West, 16-17 June 1969. Contour

interval is 0.5%. except between 31.9 and 32.0%. and between 28.9 and 30.0%..
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STATION NUMBER

NORTHEAST CAPE
CAPE NOME

Figure 15. Vertical distribution of dissolved oxygen (nil/l) along section B-B' during Arctic West, 16-17 June 1969.

Contour interval is 0.5 ml/I.
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Figure 16. Vertical distribution of inorganic phosphate (ug-at/l) along section B-B' during Arctic West, 16-17 June

1969. Contour interval is 0.2 /ig-at/I.
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STATION NUMBER

NORTHEAST CAPE

CAPE NOME

Figure 17. Vertical distribution of nitrate (;jg-at/l) along section B-B' during Arctic West, 16-17 June 1969. Contour
interval is 0.2 /ig-at/l.

17



STATION NUMBER

CAPE

CAPE CHAPLINA RODNEY
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Figure 18. Vertical distribution of temperature ("C) along section C-C during Arctic West, 17-18 June 1969. Conto
interval is O.S'C.
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RODNEY
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Figurf I'K Vertical dislrihiitioii of xuliiiily (%,) ulon); ncrlion OC during Arctic West, 17-18 Juno 1969. Contour
interval is O.IX, except between 31.0 and 32.0X« vthere the interval is 0.5%..
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CAPE CHAPLINA

STATION NUMBER
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RODNEY
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Figure 20. Vertical distribution of dissolved oxygen (ml/l) along section C-C during Arctic West, 17-18 June 1969.

Contour interval is 0.5 ml/I.
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Figure 21. Vertical distribution of inorganir phosphate (/ig-at/l) along seelion C-(J' during Arctic West, 17-18 June
1969. Contour interval is 0.2 ^g-at/l.
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Figure 22^ Vertical distribulion of nitrate (^g-at/1) along §ection C-C' during Arctic West, 17-18 June 1969. Contour

interval is 2.0 /jg-at/1.
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Figure 23. Verlical distribution of temperature CO along section D-D' during Arctic West, 19 June 1969. Contour
interval is O.S'C.
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Figure 24. Vertical distribution of salinity (%,) along section D-D' during Arctic West, 19 June 1969. Contour interval
is 0.1%, except between 31.5 and 32.0%..
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Figure 25. Vertical distribution of dissolved oxygen (ml/l) along section D-D' during Arctic West, 19 June 1969.

Contour interval is O.S ml/l.
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Figure 26. Vertical distribution of inorganic phosphate (/ig-at/l) along section D-I)' during Arctic West, 19 June 1969.

Contour interval is 0.2 /ig-al/1.
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Figure 27. Vertical distribution of nitrate (/ig-at/1) along section D-D' during Arctic West, 19 June 1969. Contour

interval is 2.0 /ig-at/I.
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STATION NUMBER ^^p^ p^^^^^^
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Figure 28. Vertical distribution of temperature (°C) along section E^E' during Arctic West, 20 June 1969. Contour

interval is 0.5°C.

STATION NUMBER
CAPE PRINCE

CAPE LITKE OF WALES

65646362 6160 595857565554

Figure 29. Vrrlioal (li«Iribulion <>f iillnil> (%,) nlonf; MTtion K-F.' during Arrlio WCsl, 20 June 1969. Conlour internal

i»0.1%..
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CAPE LITKE

CAPE PRINCE
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jrr

Figure 30. Vertical distribution of dissolved oxygen (ml/I) along section E-E' during Arctic West, 20 June 1969.

Contour interval is 0.5 ml/l.
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65646362 6160 595857565554

Figure 31. Vertical distribution of inorganic phosphate (/ig-at/I) along section E-E' during Arctic West, 20 June
1969. Contour interval is 0.2 /ig-at/I.
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STATION NUMBER

CAPE PRINCE
CAPE LITKF OF WALES

\ 656463628160 59 5857565554—Ti^r-i~rn^rr-

Figure 32. Vertical distribution of nitrate (^g-at/l) along section E-E' during Arctic West, 20 June 1969. Contour

interval is 2.0 /ig-at/1.
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STATION NUMBER

CAPE UELEN SHISHMAREF ISLAND

66 67 68 69 70 71 72 73

Figure 33. N'ertical dUlribution of temperature (°C) along section F-F' during Arctic Vt'est, 21 June 1969. Contour
interval is 0.5°C.

CAPE UELEN

STATION NUMBER

67 68 69 70 71 72 73

11

SHISHMAREF ISLAND

Figure 34. Vertical distribution of salinity (%o) along section F-F during Arctic Wc^l, 21 June 1969. Contour interval

is 0.1%. except between 31.0 and .S2.0%o where the interval is 0.5%..
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STATION NUMBER

CAPE UELEN

66 67 68 69 70 71 72 73

SHISHMAREF ISLAND

Figure 35. Vertical distribution of dissolved oxygen (ml/l) along section F-F' during Arctic West, 21 June 1969.

Contour interval is 0.3 ml/l.
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68 67 66 69 70 71 72 73

Figure 36. Vertical distribution of inorganic phosphate (/ig-at/l) along section F-F' during Arctic West, 21 June 1969.

Contour interval is 0.2 fig-at/l.
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CAPE UELEN SHISHMAREF ISLAND

70 71 72 73

Figure 37. Vertical distribution of nitrate (/ig-at/1) along section F-F' during Arctic West, 21 June 1969. Contour

interval is 2.0 /xg-at/1.
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Table 1. Observed and interpolated oceanoKraphic data taken by IJSCGC NORTHWIND during 8-21 June 1969.
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APPENDIX A

OCEANOGRAPHIC DATA

A complete description of the codes utilized in the tabulation of oceanographic station data can be found in

National Oceanographic Data Center publication M-2, Processing Physical and Chemical Data from Oceanographic

Stations. (Rev. August 1964, supplement issued May 1966.)

To facilitate use of the oceanographic station data listing, entry headings which are not self-explanatory are

described below.

Depth to Bottom Corrected or uncorrected sounding in meters.

Max. Depth of Samples Depth of deepest sample to nearest multiple of one hundred meters.

Wave observations:

DIR Rounded to nearest multiple of ten degrees.

HGT.

PER-

SEA _
Weather Code-

Cloud Code
Type
Amount..„

In increments of % m. Sum of 5 meters plus increments of % m if 50 is added to

direction.

If numerals 2 through 9 are entered, period in seconds is twice the numeric entry or

2x (numeric entry) + 1. For other entries see WMO Code 3155.

Sea state according to WMO Code 3700.

If preceded by X, weather according to WMO Code 4501. If a two-digit entry,

weather according to WMO Code 4677.

Cloud type according to WMO Code 0500.

Cloud amount in eights. Entry of the numeral 9 indicates cloud amount could not

be estimated.

Color according to Forel-Ule scale.

Transparency in whole meters as determined by Secchi disc.

Rounded to nearest multiple of ten degrees.

If preceded by letter S, wind speed in knots, if preceded by letter F, wind force

according to Beaufort scale.

Barometric pressure given in tens, units and tenths of millibars.

Air temperature to tenths of a degree centigrade.

Visibility according to WMO Code 4300.

Number of observed levels associated with the station.

Entered in hours and tenths of an hour GMT. For Nansen casts, indicates time of

release of messenger applicable to the observational level. For STD casts, indicates

the starting time of lowering the sensor.

OBS designates observed levels. STD indicates the values at this standard level were

interpolated by a modified 3-point LaGrange formula.

Depth to nearest meter. A postscript T indicates depth was obtained thermometrically;

S indicates uncorrected "wire out" depth. Postscript Q indicates value was marked
doubtful by originator; P indicates value was considered doubtful by NODC.
Postscripts P and Q retain this meaning throughout the following entries.

T °C Temperature to hundredths of a degree Centigrade.

S %a - Salinity in parts-per-thousand.

SIGMA-T __ Entered to hundredths.

Specific-volume _._ Multiply entry by 10-^ to obtain specific-volume anomaly in cubic centimeters per gfram.

Anomaly — X 10^

SAD Dyn. M X 10' Multiply entry by lO-^ to obtain anomaly of dynamic height in dynamic meters refer-

enced to the sea surface.

Sound Velocity _ Sound velocity according to Wilson's formula entered to tenths of a meter per second.

O2 ml/1 Dissolved oxygen in milliliters per liter entered to hundredths.

PO4-P /jg-at/L... Inorganic phosphate in microgram-atoms per liter entered to hundredths.

Water
Color Code
Trans

Wind
Dir-.. _

Speed or Force

Barometer

Air Temp. °C

Vis. Code -

No obs. depths- ..

Messenger time

Card type

Depth (m)

Total-P /ig-at/L

NO2-N ^g-at/l_.

NO3-N ^g-at/l_.

Si04-Si /ig-at/L.

pH

Total phosphorus in microgram-atoms per liter entered to hundredths.

Nitrite-nitrogen in microgram-atoms per liter entered to hundredths.

Nitrate-nitrogen in microgram-atoms per liter entered to tenths.

Silicate-silicon in microgram-atoms per liter entered to whole units.

Entered to hundredths.
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