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NORTH PACIFIC OCEANOGRAPHY,
FEBRUARY - APRIL 1962

by

Felix Favorite and Betty-Ann Morse, Oceanographers
Alan H. Haselwood and Robert A. Preston, Jr., Fishery Aids

Bureau of Conamercial Fisheries
U.S. Fish and Wildlife Service

Seattle, Washington

ABSTRACT
Oceanographic data obtained at and between salmon-fishing stations in the North

Pacific Ocean during February to April 1962 aboard the chartered MV Bertha Ann

are presented and discussed. Observations obtained between the Aleutian Islands and

lat. 410 N, along long. 175° W, provide the first extensive winter data in this area.

Vertical profiles of temperature, salinity, dissolved oxygen, and sigma-t to

1,000 meters depth, and geostrophic currents to 600 meters depth are presented

along long. 175° W. from the Aleutian Islands to lat. 41° N., along long. 155° W.

from the Alaska Peninsula to lat. 46° N. and from lat. 46° N. long. 155° W. to the

Washington coast.

Analyses of data show the Alaskan Stream extended beyond long. 175° W.

where geostrophic velocities in excess of 10 cm. /sec. were encountered. No evidence

of upwelling through the halocline was revealed south of the Aleutian Islands. The

Subtropic boundary in the central part of the North Pacific, as indicated by the

vertical 34 °/oo isohaline in the surface layer, was found near lat. 42° N. This is

approximately the same latitude at which it has been found during summer and im-

plies dominant changes in the surface layer are the result of differential latitudinal

heating and cooling rather than advection.

INTRODUCTION

This is the fifth report of oceanographic

field work conducted in the North Pacific Ocean
by the Oceanographic Section of the Bureau
of Commercial Fisheries Biological Labora-
tory, Seattle, Wash., for the American Section

of the International North Pacific Fisheries

Commission (INPFC). The observations are

obtained to determine the oceanography of

the area and, also, to permit investigations

into relationships between the physical, chemi-

cal, and biological conditions, and the distribu-

tion and abundance of salmon stocks.

Previous reports in this series (Favorite and

Pedersen, 1959a and 1959b; Favorite, Callaway,

and Hebard, 1961; Morse, 1962 ^ have not

"^Betty-Ann Morse. North Pacific and Bering Sea

Oceanography 1960 and 1961. Bureau of Commercial
Fisheries Biological Laboratory, Seattle, Wash, [Un-

published manuscriptj



included presentations of the distribution of

properties because in most instances the

cruises were to some degree coordinated with

the cruises of other INPFC members: Japan

and Canada; thus, any attempt to define con-

ditions within a given region without additional

data from these sources could be possibly not

only incomplete but also misleading. An atlas

combining data collected by Canada, Japan, and

U.S. agencies during the summer of 1958 has

been compiled by Dodimead and Favorite

(1961), and a complete summary of oceano-

graphic conditions in the Subarctic Pacific

region during 1955 to 1960 is being compiled

by a subcommittee on Oceanography appointed

by INPFC.

This report presents some results of the

oceanographic program aboard the chartered

MV Bertha Ann during a fishery-oceanographic

cruise from February to April 1962. The

locations of the oceanographic stations and

bathythermograph (BT) lowerings are shown

in figure 1. Previous investigations had shown

that the water structure south of the Aleutian

Islands was very complex, and a series of

oceanographic stations at 30-mile intervals

was planned along long. 175° and 165° W. To
ensure that observations were made far enough

southward to locate the salinity front assumed
to be in the vicinity of lat. 41° N., a salinom-

eter was installed aboard the vessel and water

samples were analyzed aboard ship as they

were collected. Time lost in awaiting fishing

weather during the southern leg on long. 175°

W. prevented obtaining observations on long.

165° W., and further delays, caused by weather,

necessitated terminating the southern leg on

long. 155° W. at lat. 46° N.

Because of the considerable distance between

the three lines of stations (long. 175° W., 155°

W., and east-west line along approximately

lat. 47° N.), discussion of oceanographic con-

ditions has been limited to the vertical dis-

tribution of properties along these legs only.

No attempt has been made to show any hori-

zontal continuity of properties between the

lines occupied.

The main objective of the oceanographic

observations was to determine the winter

conditions in the central Subarctic region and

thereby ascertain the winter environment of the

Pacific salmon. Although oceanographic data

are available from the following winter cruises,

none of these provided any extensive data in

the central part of the region: cruises by the

International Fisheries Commission during

January 1927, 1928, and 1929 in the Gulf of

Alaska (McEwen, Thompson, and VanCleve,

1930; Thompson, McEwen, and VanCleve, 1936);

USS Serrano during March 1949 in the Gulf of

Alaska (Scripps Institution of Oceanography,

1957); HMCS Sault Ste. Marie during March 1952

off the coast of British Columbia (Doe, 1955);

MV Hugh M. Smith during January to March
1954 in the central mid- Pacific south of lat.

40° N. (McGary and Stroup, 1956); USCGC
Northwind during February to April 1955 in the

eastern Bering Sea (U.S. Navy Hydrographic

Office, 1958); various Canadian vessels manned

by personnel from the Pacific Oceanographic

Group, Fisheries Research Board of Canada,

during each winter since 1957 in the north-

eastern North Pacific (Fisheries Research

Board of Canada, 1957, 1958, and 1959;

Dodimead, Abbott-Smith, and Hollister, 1960);

and RV Vityaz during October 1958 to March
1959 in the North Pacific^

A great amount of information concerning

the salmon environment had been learned as a

result of spring and summer cruises during

other years. The distribution of Bristol Bay

red salmon in the Aleutian area during spring

and summer was shown to be closely related

to the extent of the Alaskan Stream, which

flows westward south of the Aleutian Islands

(INPFC, 1958). Temperature data collected

during summer 1957 showsd that immediately

southward of the Aleutians, water at 50 to

over 200 meters depth was in the 3° C. range

during June, but by August, the flow of warm
water out of the Gulf of Alaska increased the

water temperature in this stratum in excess

of 5° C. (INPFC, 1959). Knowledge of the

westward extent and the velocity of the Alaskan

Stream in this area during the winter was

needed in order to interpret correctly the

conditions encountered during spring.

Favorite and Hanavan (1963) showed that the

southern extent of the shallow temperature-

minimum stratum indicated by the almost

* Data available at National Oceanographic Data Center,

Washington, D.C. [Unpublished.]
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Figure 2.—Vertical sections of temperature and salinity along long. 160° W., 175° W., 175° E., 165° E., and 155 E.
during summer 1958, showing the north-south extent of Subarctic, Transition, and Pacific central regions (from
Favorite and Hanavan, 1963).
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Figure 3,- Vertical sections of temperature, salinity, dissolved oxygen, and a schematic diagram of water masses

along 175° E. during summer 1958 (from Favorite and Hebard, 1961).

vertical 4° c. isotherm which occurs at ap-

proximately lat, 46° to 48° N. denoted the

southern limit of salmon (as determined by

surface gill net catches) during summer. After

comparing salmon distribution during spring

with relatively permanent oceanographic fea-

tures, they proposed that the maximum
southern limit of salmon is determined by the

salinity front at lat. 41° N. (Indicated by

the almost vertical 34 °/oo isohaline in the

surface layer). The boundaries of these fronts

and the associated water masses are shown in

figure 2. Further subdivision of these water

masses, and a more detailed picture of the

water structure along long. 175° E. during

1958 are presented in figure 3. The position

of the 34 °/oo isohaline in the mid- Pacific

during summer has been relatively constant

since at least 1955. However, because the

axis of the North Equatorial Current is known

to oscillate from lat. 9° to 11° N. in summer,
to lat. 6° to 7° N. in winter (Defant, 1961,

p. 569), winter observations were necessary

to determine if the proposed boundaries shifted

southward during winter.

A significant feature of the water structure

southward of the Aleutian Islands is the

vertical intrusion of Deep Water, indicated by

the ridging of the isohalines(seefig. 3). During



spring and summer 1958, evidence was ob-

tained that the implied vertical movement

extended almost to the surface in spring, but

was suppressed during summer by the dilute,

less dense water flowing out of the Gulf of

Alaska (INPFC, 1960). We assumed that during

winter, the period of minimum coastal runoff,

upwelling might reach the surface and reveal an

area in which nutrients at depth were restored

to the surface layers; thus providing a partial

explanation as to why the water in the Subarctic

region is so fertile.

Another feature of the region requiring

investigation during winter was the ever-

present temperature-minimum stratum. It is

generally accepted that the temperature-mini-

mum in the eastern North Pacific is the

result of winter overturn, and the temperatures

reflect the local winter surface temperatures

(Dodimead, 1961). Westward of the Gulf of

Alaska, however, the temperatures in the

minimum stratum are colder than could be

expected from winter overturn, and appear

to be associated with a westward intrusion

from the Oyashio region. The intrusion of

this cold water (found between lat. 45° and

50° N.) from long. 165° W. in 1956 to 150° W.

in 1959 has been shown by Favorite and Hebard

(1961). It was necessary to ascertain if the

convergence of the westward flowing Alaskan

Stream and the eastward flowing Oyashio or

Kuroshio Extension during winter could result

in a downward transport of cold surface

water which after the advent of spring and

summer heating would also be evident as a

temperature-minimum stratum and contradict

the previous interpretation.

Finally, because the cruise track along

long. 155° W. crossed the area of divergence

off the Washington coast, the cruise provided

an excellent opportunity for an effective drift

bottle experiment. Assuming a drift of about

5 miles per day indicated by our previous

recoveries, the bottles released along long.

155° W. should pass through the divergence

zone in summer and come ashore on the

North American continent during the fall,

and the bottles released along long. 175° W.

should pass the zone during winter and come
ashore the following spring.

OCEANOGRAPHIC CONDITIONS

Density

The vertical profiles of density expressed

as sigma-t' along the three cruise legs are

shown in figure 4. A significant feature in all

profiles is the crowding of the isolines be-

tween 100 and 150 meters, which indicates

the marked stability of the water column at

these depths. Northward of lat. 45° N., winter

overturn has resulted in an almost isothermal

layer above the halocline. Since these tempera-

tures approximate those in the deeper layers

relatively isothermal conditions exist to a

depth of about 800 meters. Thus, the stability

of the water column in this area is almost

entirely a function of the salinity distribution.

Sigma-t distribution is discussed first be-

cause it is the basis for calculations of the

geostrophic currents which are presented in

the following section. Since these currents

reflect flow relative to a selected reference

level at which no motion is supposed to occur,

it is difficult to evaluate the significance or

validity of these currents without knowledge of

the density structure. The downward slope of

the isolines from lat. 50° N. along long.

175° W. and lat, 52° N. along long. 155° W. at

all depths indicates that a flow existed at and

below 1,000 meters, and geostrophic currents

will not reflect true current speeds. Along the

east-west leg near lat, 47° N,, however, the

isolines are relatively level and in the absence

of slope currents the geostrophic approxima-

tion may be reasonably accurate,

Geostrophic Currents

The geostrophic approximation neglects fric-

tion and acceleration; assumes a balance

between Coriolis and pressure forces; and

presupposes a known level of no net motion.

Using a reference level of 1,000-decibars,

Reid (1961) has presented the geostrophic

circulation for the entire Pacific Ocean and

found that it compares favorably with currents

estimated from the set and drift of vessels and

tabulated in various atlases. On an ocean-wide

'Sigma-t--density as defined by: (specific gravity 1)

1,000, expressed as milligrams per cm^.
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scale such a general assumption may be

justified, but in the relatively confined and

complex Subarctic region, some doubt exists

as to the validity of geostrophic currents.

However, since the level of no motion is not

known and direct current measurements were

not made, the geostrophic calculations are the

only method available to show flow, and are

presented with the previously stated reserva-

tions.

Profiles of isobaric surfaces relative to

the 1,000-decibar surface are shown in figure 5

and the vertical profiles of geostrophic cur-

rents are shown in figure 6.

At long. 1750 W. (fig. 6a) the Alaskan

Stream was evident south of the Aleutian

Islands to lat. 50° N. and attained a maximum
velocity of about 10 cm. /sec. near the Islands.

South of lat. 50° N. the current structure was
complex with marked frontal zones at latitudes

48° and 46° N. Between lat. 46° and 42° N.,

there was a pronounced eastward flow reaching

8 cm. /sec. near latitude 44° N.

At long. 155° W. (fig. 6b) the axis of the

westward flowing Alaskan Stream occurred
offshore at lat. 54° N. with a speed in excess

of 20 cm. /sec, near the surface, and speeds

in excess of 6 cm. /sec. were present below

600 meters. The westward flow extended to

lat. 52° N., south of which the predominant
flow was eastward (except for an insignificant

westward flow of approximately 0.3 cm. /sec.

between lat. 50° and 51° N.) with the main
axis near lat. 48° N.

Geostrophic currents along lat. 47° N.

(fig. 6a) were weak and variable. Velocities

in excess of 2 cm./sec. were found only off

the Washington coast, and this northward flow

is substantiated by recoveries of drift bottles

released during the cruise near the coast and

reported coming ashore all along the west
coast of Vancouver Island.

Temperature

One of the purposes of the winter cruise

was to observe conditions during the period

of maximum cooling of the surface layer

which was known to occur during the period

January to March. At most stations along

long. 175° and 155° W. the temperatures at

100 meters were equivalent to those at the

surface and in some instances the surface

temperatures were lower, which indicates that

no appreciable spring warming had occurred.

There are three significant features in the

temperature profile along long. 175° W. (fig.

7a): First, the temperature maximum at 125

to 200 meters between Adak Island and lat.

50° N. which is associated with the westward
flowing Alaskan Stream. Winter cooling had

not penetrated deep enough into the water

column to remove evidence of this stratum.

It is apparent that when complete vertical

mixing occurred, as at lat. 49°30' N., it is

difficult to distinguish the origin of this water.

Second, the presence of a temperature-

minimum between lat. 48° to 46° N. at 150

meters indicates the stratum to be an intrusion

of cold water from the Oyashio region rather

than a consequence of local cooling. The frontal

zone which occurred between lat. 50° to480N.
separates these two flows.

The third feature is the sharp downward
slope of the 4° C. isotherm at lat. 45° N.,

(indicated in figure 2 as denoting the Polar

Front) south of which the heat content of the

water column is greatly increased.

These three features are also evident in the

profile along long. 155° W. (fig. 7b). South of

the narrow band of cold water near the con-

tinental slope the temperature-maximum asso-

ciated with the westward flowing Alaskan

Stream extends from approximately lat. 55°30'

to 52°30' N. Compared with the conditions at

long. 175° W. the Stream at long. 155° W. was
about twice as wide; the maximum temperature

was about 1° C. higher; and, as indicated in the

section on geostrophic currents, the maximum
velocity was almost twice as great.

The temperature-minimum stratum (reflect-

ing the intrusion of water from the west) was
displaced northward and occurred between

lat. 48° and 51° N. The minimum temperature

had increased 0.3° C. and the stratum had

spread laterally. South of lat. 48° N., the

downward slope of the 4°C. isotherm, although

present, was not as sharp as at long. 175° W.
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The temperature profile along lat. 47° N.

(fig. 7c) contains none of the striking features

of the two meridional sections. Although a

temperature minimum existed at 100 to 150

meters, minimum temperatures exceeded 5° C.

and are believed to be chiefly the result of

winter-cooling rather than the result of ad-

vection from the temperature-minimum
stratum shown in the previous two profiled.

The isotherms slope gradually downward to

the east and dip sharply near the coast re-

flecting the northward flow off the Washington

coast.

Salinity

The salinity is of particular interest as a

criterion for indicating the presence of vertical

divergence south of the Aleutian Islands and

defining the Subtropic boundary.

Salinity profiles along long. 175° W., 155° W.
and lat. 47° N. (fig. 8) show the dilute surface

layer occurring from the surface to a depth

of 100 meters which is characteristic of the

Subarctic region. Tully and Barber (1960) have

discussed the causes of this dilution and com-
pared it with an estuarine system. As indicated

earlier in the discussion of sigma-t, the

salinity is a dominant factor in the stability

of the water column during the winter period

because of the relatively vertical isothermal

conditions, particularly north of lat. 45° N.

No direct indication of vertical divergence,

which would transport high salinity water to

the surface, is evident in the salinity distribu-

tion along long. 175° W. (fig^ 8a). The sharpest

halocline found, however, during the entire

cruise occurred at this longitude between lat.

50° and 51° N. The moderate, horizontal

component of flow in the Alaskan Stream
probably prevents the very minor vertical

component from being manifest in the water

structure near the surface. There is evidence

in the temperature profile at this longitude

that a vertical movement was present at lat.

49°30' N., so one should not discount the

possibility that such a feature may have

existed farther to the westward where the flow

of the Alaskan Stream must be reduced by

divergences to the north through the passes

and to the southward by water recirculating

in the eastern Subarctic region.

Along long. 155° W. and lat. 47° N. (fig. 8)

salinities in the upper 100 meters were
relatively uniform with a range of 32.6 to

32.8 °/oo, except near the Washington coast

where further dilution occurred. Along long.

175° W. (fig. 8a), however, the salinities

ranged from 32.6 to 34.3 °/oo. Between lat. 45°

and 44° N. there was a sharp gradient near

the surface. Southward at lat. 43° N. a gyre

or possibly an intruded tongueof lower salinity

water interrupts the continuity of steadily

increasing values, but at approximately lat.

42° N. the almost vertical 34 °/oo isohaline

in the upper 200 meters denotes the position

of the Subtropic boundary. Rather than shifting

southward in winter in response to a south-

ward shift of the North Equatorial Current,

the boundary appears to occur a little farther

to the northward than it has in recent years

during summer. Below 200 meters the salinity

minimum stratum which is ever present south

of lat. 40° N. is clearly evident.

Comparison with other available data as

far back as 1955 shows that the water structure

in the vicinity of the northern extent of the

salinity minimum and the position of the

surface boundary indicated by the upper 34 °/oo

isohaline have been relatively constant in the

northern, central Pacific during the past 6

years. This implies a dynamic equilibrium

condition between advection, diffusion, pre-

cipitation, and evaporation.

Dissolved Oxygen

Vertical profiles of dissolved oxygen are

shown in figure 9.

No new information was obtained from the

oxygen values; nor was this entirely unexpected.

The main purpose of the observations was to

provide a supplementary parameter for water

mass analyses.

In general, values in the surface layer were

at or near saturation. The low values

« .Img.at./l) at and below 200 meters depth,

between lat. 50° and 51° N. along long. 175° W.

and at lat. 52° N. along long, 155° W. are

12
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similar to those found during summer and are

considered a relatively permanent feature in

this region. The low values reflect a vertical

movement of Deep Water and are considered

to force nekton populations in the northern

areas into the surface layer. A similar rising

of the isolines occurs in the north equatorial

region resulting in convex or "bowllike" stra-

tum in the North Pacific.

SUMMARY

Good evidence was obtained of a significant

westward velocity and transport in the Alaskan

Stream southward of the Aleutian Islands

and Alaska Peninsula as far westward as

long. 175° W. Upwelling through the halocline

was not evidenced south of the Aleutian Islands

at long. 175° W., but it is suggested that,

in years when the flow of the Alaskan Stream

is not so pronounced, such a condition could

occur. It does not appear that the temperature-

minimum stratum south of the Alaskan Stream

at 150 to 200 meters could have been formed

locally, and, therefore, the stratum must be

the result of advection from the western

Subarctic.

The positions of the subsurface temperature

front at lat. 46° N. and the surface salinity

front at lat. 42° N. in the central North Pacific

revealed by analysis of summer data remained

the same. This indicates that no seasonal

shift of water masses occurs northward of the

Subtropic boundary, and the dominant changes

in the surface layer are the result of differen-

tial latitudinal heating and cooling rather than

advection.

Further results of this cruise will be forth-

coming in reports and bulletins of INPFC.
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APPENDIX A - FSELD PROCEDURE

Vessel

The MV Bertha Ann (frontispiece) is a

former military refrigerated cargo vessel

converted for fisheries work and was char-

tered from the Ballard Docks Co. (R. Stewart).

Specifications of the vessel are as follows:

Type - Converted AKL (Ex. U.S. ArmyF.S.)
Length - 176 feet 6 inches

Beam - 32 feet

Draft - 12 feet

Gross tonnage - 550

Cruising speed - 11.0 knots

Cruising radius - 7,000 miles

Propulsion - Two 6 -cyl. GMdiesel engines

—

total 1,000 hp.

Auxiliary power - Two 100-kw. generators

Electronic equipment - Gyrocompass, loran,

fathometer, radio direction finder, radar

Winches - Oceanographic winch - portable,

temporarily installed.

General arrangement - Raised forecastle

head, two cargo hatches amidship, super-

structure and engine room aft.

Oceanographic Observers

Felix Favorite, Program
Leader
Alan H. Haselwood

Robert A. Preston. Jr.

Oceanographic Casts

February 10 to

March 12

January 31 to

April 11

January 31 to

April 11

A single 14 Nansen bottle cast or two casts

of 7 bottles were made to approximately 1,100

meters at and between fishing sets. Sampling

depths were 25, 50, 75, 100, 125, 150, 200, 300,

400, 500, 600. 700, 800, and 1,100 meters. At

station Nos. 18 to 23, some sampling depths

were changed to provide more information on

the salinity-minimum stratum. In anticipation

of surface warming during the second leg of

the cruise, a bottle was inserted at the IO-

meter level, which necessitated removal of one

at 700 meters. Each bottle carried two pro-

tected reversing thermometers, and the bottom

8 bottles also carried one unprotected ther-

mometer.

The surface sample was obtained by bucket

sample at the time of the 8T lowering, which

occurred just prior to the cast.

Chemistry

Salinity samples were drawn into standard

citrate bottles and were analysed each evening

utilizing the Industrial Manufacturing Com-
pany (Jayco, South Africa) salinometer Model
Mark III. The salinometer was shock-mounced
and had its own motor-generator set converting

220 volts direct current to 100 volts, 60-cycle

alternating current. The salinometer was
turned on each evening and calibrated, using

Copenhagen water. Secondary standards, pre-

viously analysed by chemical methods, were
used to insure proper operation prior to

analysing samples. Calibration was checked

at frequent intervals, and no appreciable de-

viation was encountered. The salinities of these

samples are reported to three decimal places.

At Station 29 the motor-generator set broke

down, and salinity samples at this and subse-

quent stations were stored until the vessel

reached Seattle where they were analysed

chemically, using the Knudsen method. The
salinities of these samples are reported to two

decimal places.

Oxygen samples were analysed aboard ship

after the samples were drawn into standard

brown glass bottles. Modified Winkler method
was used. No surface sample was obtained.
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Additional Work haul from 150 meters to the surface. Hauling

speed was approximately 50 meters per minute.

Plankton - Vertical plankton hauls using a Drift bottles - Unweighted drift bottles were
j-meter. No. 6 mesh net were made after released in groups of 120 bottles. The release

dark whenever possible. In instances where a points are tabulated in Appendix B. Cards in

zero wire angle could not be maintained, the the bottles were similar to those used in other

length of wire out was altered to obtain a years with serial numbers from 2001 to 5600.
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APPENDIX B - TABULATED DATA

Notes On Tabulated Data

Data headings are similar to those in previous reports and are in such

common usage only a few explanatory remarks are required.

Position - As in other years, station positions were predetermined

and the vessel was maneuvered to reach each location

by utilizing loran. Locations are considered to be as

accurate as permitted by the positions and nature of

the available loran stations.

Weather - Coded from U.S. Navy H.O. Publication 606-C.

Wind - shipboard anemometer (average reading over

minute interval).

Wet, dry temperatures - sling psychrometer.

Observed data - Sigma-t computed by IBM 650 program.

Interpolated data - Routine by machine program utilizing observed data two

points below and one above the indicated depth.

Wire angles - The wire angles were recorded but are not presented

because at most stations it was necessary to maneuver
the vessel constantly during the cast. This resulted in

5° to 10° variations in the wire angle which were of

short duration and perhaps only affected the catenary

near the surface. In very heavy seas and high winds,

it was necessary to place the vessel stem to the wind

and maneuver in this position. In most instances small

wire angles were maintained.
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MV BERTHA
STATION

ANN
1

51-30 N 175-28 W
WEATHER 03 CLOUDS 6 AMT 8
SWELL 180 AMT 5 BAR 0999 MBS

14 FEB 1962 0033 GCT
WIND 150 14 KTS SEA 3

DRY 4.4 WET 2.8 BT 1

OBSERVED VALUES

DEPTH



MV BERTHA ANN
STATION 2

51-30 N 175-28 W
WEATHER 03 CLOUDS 6 AMT 5
SWELL 240 AMT 6 BAR 0994 MBS

19 FEB 1962 0039-0012 GCT
WIND 240 30 KTS SEA 4

DRY 3»0 WET 1 .0 BT 2

OBSERVED VALUES

DEPTH

25
49
73
98
122
147
196
294
392
490
588
686
784
1000

TEMP
3.3
3.35
3.48
3.66
3.62
4.43
4.80
4.48
3.84
3.76
3.65
3.54
3.36
3.25
2.88

SAL
32.668
32.652
32.802
32.958
33.092
33.359
33.601
33.768
33.949
34.041
34. 131
34. 191
34.243
34.280
34 . 368

26.02
26.0 1

26. 1 1

26.22
26.33
26.46
26.61
26.78
26.99
27.07
27.15
27.21
27.27
27.31
27.41

OXY

.630

.596

.551

.546
• 388
• 284
• 218
.089
.053
• 050
• 041
• 041
• 034
.044

INTERPOLATED AND COMPUTED VALUES

DEPTH



MV BERTHA
STATION

ANN
3

51-00 N 175-02 W
WEATHER 03 CLOUDS 6 AMT 5

SWELL 240 AMT 5 BAR 0998 MBS

19 FEB 1962 0458 GCT
WIND 240 23 KTS SEA 4

DRY 3.0 WET 0*5 BT 3

OBSERVED VALUES

DEPTH



MV BERTHA ANN
STATION 4

50-30 N 1 75-00 W
WEATHER 01 CLOUDS 6 AMT 3
SWELL 220 AMT 5 BAR 1009 MBS

20 FEB 1962 0029 GCT
WIND 220 25 KTS SEA 3

DRY 3.9 WET 2.6 BT 4

OBSERVED VALUES

DEPTH



MV BERTHA AMN
STATION 5

50-00 N 1 75-00 M
WEATHER 02 CLOUDS 6 AMT 6
SWELL. 220 AMT 5 BAR 1010 MBS

20 FEB 1962 0551 GCT
WIND 180 25 KTS SEA 4

DRY 2,8 WET 1 .7 BT 5

OBSERVED VALUES

DEPTH



MV BERTHA
STATION

ANN
6

49-31 N 1 75-00 W
WEATHER 03 CLOUDS 6 AMT 8
SWELL 160 AMT 6 BAR 0999 MBS

23 FEB 1962 0618 GCT
WIND 160 25 KTS SEA 5

DRY 2,8 WET 1.7 BT 6

OBSERVED VALUES

DEPTH



MV BERTHA
STATION

ANN
7

49-00 N 175-00 W
WEATHER 01 CLOUDS 8 AMT 2
SWELL 140 AMT 4 BAR 1015 MBS

25 FEB 1962 0041 OCT
WIND 140 20 KTS SEA 3

DRY 7.2 WET 6.7 BT 7

OBSERVED VALUES

DEPTH



MV BERTHA ANN
STATION 8

48-30 N I 75-00 W 26 FEB 19^2 0306 GCT
WEATHER 03 CLOUDS 6 AMT 8 WIND 130 50 KTS SEA 5
SWELL 130 AMT 6 BAR 1006 MBS DRY 7.S WET 7.2 BT 8

OBSERVED VALUES

EPTM



MV BERTHA
STATION

ANN
9

48-O0 N 1 75-00 W
WEATHER 01 CLOUDS 6 AMT 3
SWELL 130 AMT 6 BAR 1007 MBS

26 FEB 1962 1302 GCT
WIND 130 40 KTS SEA 6

DRY 7.8 WET 6.7 BT 9

OBSERVED VALUES

DEPTH



47-31 N 1 75-00 W
WEATHER 01 CLOUDS
SWEU- 220 AMT 7 BAR

MV BfRTHA
STATION



MV BERTHA
STATION

ANN
1 1

47-00 N 1 75-00 W
WEATHER 01 CLOUDS 8 AMT 1

SWELL 220 AMT 6 BAR 1019 MBS

27 FEB 1962 0202-0247 GCT
WIND 220 15 KTS SEA 3

DRY 7.8 WET 7.2 BT 11

OBSERVED VALUES

DEPTH



MV BERTHA
STATION

ANN
12

46-30 N 175-00 W
WEATHER 01 CLOUDS 8 AMT 1

SWELL 150 AMT 5 BAR 1019 MBS

2.1 FEB 1962 1108-1152 GCT
WIND 150 10 KTS SEA 3

DRY 8.3 WET 6.7 BT 12

OBSERVED VALUES

DEPTH



MV BERTHA
STATION

ANN
13

46-03 N 174-54 W
WEATHER 03 CLOUDS 6 AMT 6
SWELL 230 AMT 6 BAR 1021 MBS

01 MAR 1962 0432-0510 GCT
WIND 230 45 KTS SEA 4

DRY 7.2 WET 6.1 BT 13

OBSERVED VALUES

DEPTH



MV BERTHA
STATION

ANN
14

45-30 N 1 75-00 W
WEATHER 01 CLOUDS 6 AMT 3

SWELL 170 AMT 4 BAR 1025 MBS

02 MAR 1962 0250 GCT
WIND 170 15 KTS SEA 2

DRY 6.3 WET 8.3 BT 14

OBSERVED VALUES

DEPTH



MV BERTHA
STATION

ANN
15

45-00 N 1 75-00 W
WEATHER 01 CLOUDS 6 AMT 3
SWELL 190 AMT 4 BAR 1023 MBS

02 MAR 1962 0742 GCT
WIND 270 20 KTS SEA 2

DRY 7.2 WET 6.7 BT 15

OBSERVED VALUES

DEPTH



MV BERTHA
STATION

ANN
16

44-30 N 1 75-00 W
WEATHER 01 CLOUDS 3 AMT 3

SWELL 320 AMT 4 BAR 1031 MBS

03 MAR 1962 0116-0200 GCT
WIND 150 25 KTS SEA 2

DRY 6«7 WET 5.0 BT 16

OBSERVED VALUES

DEPTH



MV BERTHA ANN
STATION 17

44-00 N I 75-00 W
WEATHER 03 CLOUDS 3 AMT 6
SWELL 140 AMT 5 BAR 1027 MBS

03 MAR 1962 0642-0720 GCT
WIND 140 46 KTS SEA 4

DRY 7.2 WET 6.7 BT 17

OBSERVED VALUES

DEPTH



MV BERTHA ANN
STATION 18

43-30 N 1 75-00 W
WEATHER 65 CLOUDS X AMT X

SWELL 180 AMT 8 BAR lOlO MBS

04 MAR 1962 0632-0730 GCT
WIND 180 45 KTS SEA 5

DRY 10.0 WET BT 18

OBSERVED VALUES

DEPTH



MV BERTHA ANN
STATION 19

43-00 N 1 75-00 W
WEATHER 03 CLOUDS 6 AMT 8

SWELL 180 AMT 6 BAR 1010 MBS

04 MAR 1962 1900-1945 GCT
WIND 270 04 KTS SEA 2

DRY 8,7 WET 8.6 BT 19

OBSERVED VALUES

DEPTH



MV BERTHA
STATION

ANN
20

42-29 N 1 75-00 W
WEATHER 01 CLOUDS 6 AMT 6
SWELL 240 AMT 4 BAR 1011 MBS

04 MAR 1962 2343-0129 GCT
WIND 310 08 KTS SEA 3

DRY 10.3 WET 10.2 BT 20

OBSERVED VALUES

DEPTH



MV BERTHA
STATION

ANN
21

42-00 N 175-00 W
WEATHER 01 CLOUDS 6 AMT 3
SWELL 270 AMT 4 BAR lOll MBS

05 MAR 1962 0343-0418 GCT
WIND 310 15 KTS SEA 3

DRY 9.8 WET 9.5 BT 21

OBSERVED VALUES

DEPTH



MV BERTKA
STATION

ANN
22

4J-30 N 175-00 W
WEATHER 03 CLOUDS 6 AMT 4
SWELL 270 AMT 4 BAR 1012 MBS

06 MAR 1962 0020-0056 «CT
WIND 270 16 KTS SEA 3

DRY 9.0 WET 8.9 BT 22

OBSERVED VALUES

DEPTH



MV BERTHA ArMN

STATION 23

41 -GO N 1 75-00 W
WEATHER 01 CLOUDS 6 AMT 3

SWELL 270 AMT 4 BAR 1012 MBS

06 MAR 1962 0556-0631 GCT
WIND 140 12 KTS SEA 2

DRY 9,2 WET BT 23

OBSERVED VALUES

DEPTH



MV BERTHA
STATION

ANN
24

55-30 N 1 55-00 W
WEATHER 73 CLOUDS 6 AMT 6
SWELL. 170 AMT 4 BAR 1014 MBS

18 MAR 1962
WIND 170 20

DRY 1t1 WET

2357 GCT
KTS SEA 3
1.1 BT 24

OBSERVED VALUES

DEPTH



MV BERTHA A»«4

STATION 25

55-00 N 155-00 W 19 MAR 1962 0237-0310 6CT
WEATHER 70 CLOUDS 6 AMT 7 WIND 320 30 KTS SEA 3
SWELL 320 AMT 4 BAR 1014 MBS DRY OO.O WET 1*1 8T 25

OBSERVED VALUES

OXY

.637
•641
• 635
• 630
• 526
• 367
• 321
• 235
• 174
• 131
• 081
• 069
• 045
• 042

DEPTH



MV BERTHA ANN
STATION 26

54-30 N 1 55-00 W
WEATHER 01 CLOUDS 6 AMT 1

SWELL 270 AMT 1 BAR 1016 MBS

19 MAR 1962 2358-OO30 GCT
WIND 270 02 KTS SEA i

DRY 3»3 WET 1.7 BT 26

OBSERVED VALUES

DEPTH



MV BERTHA
STATION

ANN
27

54-00 N 1 55-00 W
WEATHER 03 CLOUDS 6 AMT 8
SWELL 135 AMT 3 BAR 1014 MBS

20 MAR 1962 0304-O341 GCT
WIND 135 25 KTS SEA 3

DRY 2.8 WET 2.2 BT 27

OBSERVED VALUES

DEPTH



MV BERTHA
STATION

ANN
26

53-00 N 155-00 W
WEATHER 01 CLOUDS 6 AMT 3
SWELL 300 AMT 4 BAR 0990 MBS

22 MAR 1962 0253-0329 GCT
WIND 300 25 KTS SEA 3

DRY 3.3 WET 2.2 BT 29

OBSERVED VALUES

DEPTH



MV BERTHA
STATION

ANN
29

52-00 N 1 55-00 W

WEATHER 03 CLOUDS 6 AMT 7
SWELL 333 AMT 4 BAR 1003 MBS

24 MAR 1962 0224-O259 GCT
WIND 330 35 KTS SEA 4

DRY 1.6 WET 1*1 BT 31

OBSERVED VALUES

DEPTH



MV BERTHA
STATION

ANN
30

51-O0 N 1 55-00 W
WEATHER 03 CLOUDS 6 AMT 7
SWELL 350 AMT 6 BAR 1010 MBS

25 MAR 19*2 0227-O302 CCT
WIND 320 30 KTS SEA 4

DRY 1*1 WET 0.0 BT 33

OBSERVED VALUES

DEPTH



MV BERTHA ANN
STATION 31

50-00 N 1 55-00 W
WEATHER 03 CLOUDS 6 AMT 8
SWELL 300 AMT 3 BAR 1018 MBS

26 MAR 1962 0206-0238 GCT
WIND 230 20 KTS SEA 2

DRY 3,3 WET 2.2 BT 35

OBSERVED VALUES

DEPTH



MV BERTHA
STATION

ANN
32

49-00 N 1 55-00 W
WEATHER 01 CLOUDS 6 AMJ 2
SWELL 270 AMT 5 BAR 1009 MBS

2U MAR 1962 0228-0306 GCT
WIND 225 12 KTS SEA 2

DRY 6.1 WET 5.0 BT 37

OBSERVED VALUES

DEPTH TEMP SAL ^'^

O 5.4 32.65 25*79
10 5*26 32*64 25*80
25 5*24 32.64 25*80
49 5*20 32*64 25*61
74 5*17 32*64 25*81
99 4.74 32*76 25*95
123 3*14 33*22 26*48
146 3.11 33*57 26.76
197 3*26 33*76 26*89
296 3*43 33*90 26*99
393 3*49 34*04 27*10
491 3*48 34*14 27*18
589 3*35 34*22 27.25
786 3*06 34.33 27.37
1082 2.68 34.43 27.48

OXY

.636
•636
• 633
• 630
• 629
•383
• 376
• 189
• 152
• 121
.069
• 071
• 061
• 074

INTERPOLATED AND COMPUTED VALUES

DEPTH



MV BERTHA AHN
STATION 33

48-00 N 1 55-00 W
WEATHER 03 CLOUDS 6 AMT 6
SMELL 280 AMT 2 BAR 1011 MBS

29 MAR 1962 0120-0206 6CT
WIND 110 05 KTS SEA 2

DRY 7»2 WET 5.6 BT 39

OBSERVED VALUES

DEPTH



MV BERTKA ANN
STATION 34

47-00 N 155-00 W
WEATtCR 01 CLOUDS 6 AMT 6
SWELL 010 AMT 5 BAR 1002 MBS

30 MAR 1962 0203-O25O GCT
WIND 050 20 tCTS SEA 3

DRY 6.7 WET 6.1 BT 41

OBSERVED VALUES

DEPTH



MV BERTHA ANN
STATION 35

A6-00 N 1 55-00 W
WEATHER 01 CLOUDS 6 AMT 3
SWELL 210 AMT 8 BAR 0996 MBS

01 APR 1962 0E07-0315 (JCT

WIND £20 20 KTS SEA 6
DRY 8.9 WET 7.2 BT 43

OBSERVED VALUES

DEPTH



MV BERTHA
STATION

ANN
36

46-25 N 147-46 W
WEATHER 03 CLOUDS 6 AMT 8
SWELL 250 AMT 4 BAR 1003 MBS

04 APR 1962 0445-0525 6CT
WIND 230 06 KTS SEA 3

DRY 6.7 WET 5.0 BT 46

OBSERVED VALUES

DEPTH



MV BERTHA
STATION

ANN
37

46-40 N 145-00 W
WEATHER 61 CLOUDS 6 AMT 8
SWELL 230 AMT 3 BAR 1004 MBS

05 APR 1962 0859-0957 GCT
WIND 230 32 KTS SEA 2

DRY 7.2 WET 6,7 BT 47

OBSERVED VALUES

DEPTH



MV BERTHA ANN
STATION 36

46-54 N 142-15 W
WEATHER 03 CLOUDS 6 AMT 7
SWELL 220 AMT 4 BAR 1014 MBS

05 APR 1962 2225-2322 GCT
WIND 220 20 KTS SEA 3

DRY 6.7 WET 5.6 BT 49

OBSERVED VALUES

DEPTH



MV BERTHA ANN
STATION 39

47-07 N 139-23 W
WEATHER 61 CLOUDS 6 AMT 8
SWELL 020 AMT 4 BAR 1026 MBS

07 APR 1962 0840-O923 GCT
WIND 020 25 KTS SEA 3

DRY 6.4 WET 6.1 BT 51

OBSERVED VALUES

DEPTH



MV BERTHA ANN
STATION 40

47-24 N 136-30 W
WEATHER 61 CLOUDS 6 AMT 8

SWELL 060 AMT 5 BAR 1016 MBS

08 APR 1962 0635-0713 GCT
WIND 060 40 KTS SEA 4

DRY 6.7 WET 6.1 BT 53

OBSERVED VALUES

DEPTH



MV BERTHA
STATION

ANN
41

47-43 N 133-01 W
WEATHER 01 CLOUDS 6 AMT 6
SWELL 050 AMT 4 BAR 1023 MBS

09 APR 1962 0128-0208 GCT
WIND 050 18 KTS SEA 3

DRY 6.4 WET 6*1 BT 55

OBSERVED VALUES

DEPTH



MV BERTHA ANN
STATION 42

47-55 N 130-25 W
WEATHER 01 CLOUDS 6 AMT 6
SWELL 320 AMT 2 BAR 1032 MBS

10 APR 1962 0445-0526 GCT
WIND 320 lO KTS SEA 2

DRY 6.7 WET 5.0 BT 57

OBSERVED VALUES

DEPTH



MV BERTHA
STATION

ANN
43

48-11 N 127-35 W
WEATHER 03 CLOUDS 6 AMT 8
SWELL 300 AMT 1 BAR 1030 MBS

10 APR 1962 1644-1748 GCT
WIND 300 05 KTS SEA 1

DRY 6.7 WET 5.6 BT 59

OBSERVED VALUES

DEPTH



MV BERTHA ANN
STATION 44

48-15 N 126-31 W
WEATHER 01 CLOUDS 6 AMT 6
SWELL 300 AMT 1 BAR 1031 MBS

10 APR 1962 2123-2205 GCT
WIND 300 10 KTS SEA 1

DRY 7.8 WET 6.1 BT 60

OBSERVED VALUES

DEPTH





Bathythermograph data

Temperatures at selected depths, degrees centigrades

Depth, meters
BT

number Surface 10 20 30 30 73 IQQ 12^ 1^0 200 2^0 Bottom

28 k.3 k.3 ^.2 k.2 k.2 3.6 5.7 6.0 5.8 5-1 ^.9 ^.8

30 3.6 3.6 3.6 3.6 3.5 3-5 3.^ 3.9 3.9 3-7 - 3.7

32 h.k h.k k.h k.k k.k 4.3 U.3 3.6 3.4 3.3 3.6 3.6

3^ ^.8 i+.8 i+.8 ^.7 ^.7 ^-7 ^.7 3.3 3.1 3.U 3.6 3.6

36 5.2 5.2 5.1 5.1 5-0 5.0 5.0 3.3 3.^ 3.3 3.5 3.5

38 5-9 5.9 5.9 5.9 5.8 5.8 5.8 U.3 k.i i+.2 i+.2 i+.3

i+0 6.1 6.1 6.1 6.1 6.0 5.8 5.7 ^.1 ^.6 1^.7 k.k k.3

k2 7.0 7.0 7.0 7.0 6.9 6.9 5.8 5.2 5.6 5.3 - I<-.9

hk 7.3 7.3 7.3 7.3 7.2 7.1 6.7 5.9 6.1 5-8 5.5 5.5

^5 7.2 7.2 7.2 7-2 7.2 7.1 7.1 5.^ 5.3 5.9 5.3 5.1

48 8.3 8.3 8.3 8.3 8.3 8.3 8.2 6.1 6.3 7.0 6.6 6.5

50 8.2 8.2 8.1 8.0 7-9 7.9 7.7 5.5 6.2 6.k 6.0 5.7

52 8.0 8.0 8.0 8.0 7.9 7.7 7-6 6.0 6.k 6,9 6.2 6.0

5h 7.8 7-8 7-8 7.8 7.7 7.5 7.4 6.1 6.9 6.7 5.9 5.8

56 8.0 8.0 8.0 8.0 8.0 7.6 7.6 7.0 7.3 6.8 6.0 5.8

58 7.6 7-6 7-6 7.6 7.5 7-2 7.1 7-0 6.9 6.k 5.8 5-7

65



Drift bottle release data

Date,
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Created in 1849, the U.S. Department of the Interior is

concerned with the management, conservation, and develop-

ment of the Nation's water, fish, wildlife, mineral, forest, and

park and recreational resources. It also has major responsi-

bilities for Indian and Territorial affairs.

As the Nation's principal conservation agency, the Depart-

ment works to assure that nonrenewable resources are developed

and used wisely, that park and recrea'-'onal resources are con-

served for the future, and that renewable resources make their

full contribution to the progress, prosperity, and security of

the United States—now and in the future.
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