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ABSTRACT

Oceanographic and biological data obtained on the first of a series of albacore

oceanography cruises are presented in this report, together with a statement of the

methods employed. The cruises are a cooperative venture between the Bureau of

Commercial Fisheries Biological Laboratory, San Diego, Calif., and the Exploratory

Fishing and Gear Research Base, Seattle, Wash.

The first cruise was made during July 1961 between latitudes 420N. to 480N. and

longitudes 1250 30' W. to 132° w. Measured were salinity, temperature, and oxygen

concentration from to 600 meters, zooplankton standing crop from to 140 meters,
surface phytoplankton pigments and productivity, and incoming solar radiation. Other

activities included trolling and gill netting for albacore, logging weather observa-

tions, and collecting with nightlights.

INTRODUCTION

The present work is a report on the first

of a series of annual oceanography cruises

planned for the region off the coasts of Wash-
ington and Oregon at the time of year when
albacore, Thunnus alalunga (Bonnaterre), usually

are available. The survey was a cooperative

venture of the Bureau of Commercial Fisheries

Biological Laboratory, San Diego, Calif,, with

the Bureau's Exploratory Fishing and Gear
Research Base, Seattle, Wash. The vessel used
was M/V John N. Cobb, Operated by the latter

group. The principal objective of the cruise

was to provide data for investigating relation-

ships between availability of albacore and
mensurable features of the environment.

In Washington-Oregon coastal waters,

marked fluctuations in the annual commercial
catch of albacore have characterized this

fishery since its inception in 1937, and ap-

parently are related to variable features of the

oceanic environment (Alverson, 1961; Johnson,

1962), Exploratory fishing for albacore was
conducted in this area from 1949 to 1952 and

in 1956 as part of the North Pacific Explora-

tory Fishing Program of the Bureau of Com-
mercial Fisheries (Powell and Hildebrand,

1950; Powell, Alverson, and Livingstone, 1952;



Schaefers, 1952 and 1953; Powell, 1957). The
Fish Commission of Oregon made independent

exploratory fishing and tagging cruises in

1959, 1960, and 1961.^

Albacore trolling has been conducted on

several oceanographic surveys off the

Washington-Oregon coast. In 1955 and 1956

oceanographic and biological data were
collected from the British Columbia, Washing-
ton, Oregon, and northern California coastline

out to about longitude 145° W. (Holmberg*;

Love, 1957). In the fall of 1956, vessels of the

Bureau of Commercial Fisheries Pacific

Oceanic Fishery Investigations collected data

from longitude ISO^W, to the American Pacific

coast between latitudes 31° N. and 460N.
(Callaway, 1957). The Northeastern Pacific

Albacore Survey (NEPAS) operated in 1957 be-
tween latitudes 35° N. and 47°N. (Callaway and
McGary, 1959; Graham, 1959). In 1958 the

area off Washington and Oregon was surveyed
as part of the International Geophysical Year
(Fleming and staff, 1959).

On Exploratory Cruise 51 the M/VJohn N. Cobb

departed Seattle on July 10, 1961, and pro-
ceeded to the cruise track (fig. 1). The first

hydrographic station was occupied on July 1

1

and the last on July 26, 1961. During the

cruise, the Cobb drifted at night. The vessel

docked in Astoria, Oreg., on July 27.

OBSERVATIONS AND FIELD PROCEDURES

Physical and Chemical Methods

Hydrographic stations usually were occu-
pied at noon and shortly after dark at inter-

vals of about 48 nautical miles (fig. 1, table 1).

Casts of 18 Nansen bottles each were made at

23 stations to depths of about 600 meters, and
casts of 9 bottles each were made at 2 stations

to about 120 meters depth. Results of physical
and chemical measurements are presented in

figures 2-10 and in tables 2-4.

Nansen bottle spacings were determined by
characteristics of bathythermograph (BT)

* Robert J. Ayers. 1959, 1960, 1961. Unpublished re-
ports of the Fish Commission of Oregon.
'Edwin K. Holmberg. 1956. Unpublished report ofthe

Fish Commission of Oregon.

traces obtained at each station and by antici-

pated wire angles. Because the hydrographic

wire was of small diameter (1/8 inch), two
casts were made at each station: a shallow

cast to sample from to 125 meters and a

deep cast to sample from 125 to 600 meters.

Paired protected reversing thermometers were
attached to each bottle, and most bottles

sampling below 100 meters were equipped with

unprotected reversing thermometers. Samples
were drawn for salinity and oxygen analysis.

Oxygen determinations were made aboard the

Co66,and salinity determinations were made at

the Department of Oceanography, University of

Washington.

Bathythermograph casts to 900 feet were
made at each hydrographic station and at points

about halfway between stations (fig. 1, table 3).

The vessel was stopped for all BT casts.

Observations were made in accordance with

U.S. Navy Hydrographic Office Publication No.

606-c (1956).

Drift bottles were released at 19 stations

(tables 1 and 2). These were provided by
Hans T. Klein, Data Collection and Processing

Group, Scripps Institution of Oceanography.

No recoveries had been received as of March
1962.

Continuous recording of incident solar radia-

tion was made throughout the cruise. The
sensor used was a gimbal-mounted pyrano-
meter using Parsons' Black as the "black

body." A strip-chart recorder provided the

trace (table 4).

Biological Methods

Surface measurements of primary produc-

tion using the C^^ method were made at 21

stations. These were often coincident with

hydrographic station locations but are labelled

independently of hydrographic stations due to

occasional differences in time and location

(fig. 11, tables 1 and 5). The method employed
is a modification of those described by Stee-

mann Nielsen (1952), Strickland (1960), and

Strickland and Parsons (1960). Water samples
were obtained with a plastic bucket from the



sea surface at sunrise and local noon. Water

was placed in clear ("light") and opaque

("dark") 125-ml. glass-stoppered Pyrex

bottles. Each sample was inoculated with 1 ml.

of C^'* solution (1.7 microcuries/ml.) and

trailed from sunrise to local apparent noon or

from local apparent noon to sunset. After

incubation, samples were immediately filtered

through 25-mm. membrane filters (0.30-

micron (//)i.02-// pore size - manufacturer's

rating). The filters were rinsed with 2 ml. of

0.05 N HCl and placed in a vacuum dessicator

for counting ashore.

Surface chlorophyll samples were obtained

at 28 stations (fig. 12, tables 1 and 6). Three

surface water samples of 2.0-3.0 liters each

were taken at the same time that water was
taken for primary production measurement.

These were filtered immediately through 47-

mm. membrane filters (0.45-i/ +..02-// pore

size). Small amounts of magnesium carbonate

were added during filtration. The filters were
dessicated and frozen for shore analysis of

chlorophyll a..

Oblique zooplankton hauls were made at

10 noon stations, coincident with hydrographic

and productivity stations (tables 7 and 8).

Samples were collected with a 1 -meter net

identical to those used on cruises of the Cali-

fornia Cooperative Oceanic Fisheries Investi-

gations (e.g., Thrailkill, 1956)andof the Pacific

Oceanic Fisheries Investigations (King and

Demond, 1953). Calibration of the water-flow

meter was done before and after the cruise.

The meter was affixed to a towing frame and

hauled back and forth through a 50-ft. water

course at 13 speeds from 1.3 to 3.6 ft./sec.

Revolutions/sec. recorded at each speed, aver-

aged to cancel current effects, were plotted

against distance traversed/revolution to estab-

lish a calibration curve. Water volumes re-

corded on net hauls were calculated by

multiplying the net-mouth area by the distance

traversed as indicated by the flow meter. No
extensive clogging of the plankton net was
evident during the cruise.

Trolling for albacore was conducted between

stations at 6 to 8 knots with six to eight lines.

Feather jigs were used, supplemented occa-

sionally by bone-type jigs. About 205 hours

were spent trolling, generally from one-half

hour before sunrise to one-half hour after sun-

set. Sixty albacore were caught (fig. 13, table

9); six of these were released wearing tags

supplied by the Fish Commission of Oregon.

Blood samples were taken from 16 albacore

for serological analysis by Lucian Sprague of

the Bureau of Commercial Fisheries Biologi-

cal Laboratory, Honolulu.

Nightly sets of eight shackles (400 fathoms)

of gill nets were made between July 11 and

July 17 (table 10). On the morning of July 18,

the nets could not be found; probably the nets

sank under a load of blue sharks, Pnonace

glauca (Linnaeus). Many had been enmeshed on

previous sets. Two albacore and one bluefin

tuna, Thunnus thynnus (Linnaeus), were caught

on the set of July 14-15 at station H-7 (fig. 13).

LABORATORY PROCEDURES

Salinity determinations were made through

the courtesy of the Department of Oceanog-
raphy, University of Washington, on a conduc-

tivity bridge calibrated against Copenhagen

Water (figs. 3, 6, and 9; table 2). Accuracy is

better than ±0.005 ^^ .

Oxygen determinations (table 2) were made
on board the vessel by the Winkler method

according to procedures outlined by Wooster'

and Chow.*

Chlorophyll samples were transported under

refrigeration to San Diego for analysis (fig. 12,

table 6). The method of analysis used was that

described by Holmes and others (1958), except

that extraction in acetone was allowed to pro-

ceed for 16-18 hours. Equations used in calcu-

lation of chlorophyll a_ are those of Richards

with Thompson (1952).

'Warren S. Wooster. 1950. Methods in chemical

oceanography employed in the California Cooperative

Sardine Research Program. Technical Report of25 No-

vember 1950, Scripps Institution of Oceanography, 27 p.

Mimeographed.
*T. J. Chow. 1961. Field guide for the STEP-I Expedi-

tion. Scripps Institution of Oceanography, 35 p. Mimeo-
graphed.



Figure 2,—Horizontal distribution of temperature at 10 m. Contour interval is 0.5° C.



Figure 3.- -Horizontal distribution of salinity at 10 m. Contour interval is 0.5 % ,



Figure 4."Horizontal distribution of oxygen concentration at 10 m. Contour interval is 0.5 mL/1.



Figure 5.- -Horizontal distribution of temperature at 100 m. Contour interval is 0.25"C.



Figure 6.- -Horizontal distribution of salinity at 100 m. Contour interval is 0.1 7^^



Figure 7.--Hori2ontal distribution of oxygen concentration at 100 m. Contour interval is 0,25 ml,/!.



10

20-



Figure 9,--Vertical profiles of salinity. Profiles are along track lines defined by station numbers attopofeach.

Contour interval is 0.25 ^o except in shaded portions where contour interval is 1 %q .
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Figure 10.—Vertical profiles of oxygen concentration. Profiles are along track lines defined by station numbers

at top of each. Contour interval is 1 ml./l. except for dashed line.
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Figure ll.--Primary productivity at sea surface.
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Figure 12,--Chlorophylla^ concentrations at sea surface.
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Figure 13.--Albacore tuna catches made with trolling gear and gill nets. Numbers above or beside track line seg-

ments are July dates. Circled numbers on track line segments represent catch location and number offish

caught. Fish were troll-caught except as noted.
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Measurements of primary production, esti-

mated by rates of carbon fixation by phyto-

plankton, were made using standardized C^^
solution (fig. 11, table 5). The solution was
made up in the manner described by Steemann
Nielsen (1952), except that triple glass-distilled

water was used as the carrier instead of

artificial sea water. The solution was adjusted

to pH 9.0, filtered through a membrane filter

and placed in clean 5-ml. ampoules, which then

were sealed and autoclaved.

Filters retaining the incubated phytoplankton

were given to the Department of Oceanography,

University of Washington, for counting. The
activity on the filter was measured with a

continuous gas flow geiger counter equipped

with a mylar end-window. Dark bottle uptake

measurements indicated an accumulated bac-

terial population and were not used in calcula-

tions of primary productivity. Light bottles

were scrubbed daily and had no such accumu-
lation. Homes et al (1958: p. 8) previously

found that ". . . dark bottle uptake averages
10-13% of the uptake in illuminated
bottles . . . .

" His observation is supported by
initial measurements on the July 1961 Cobb

cruise. On this basis dark bottle uptake was
assumed to be 10 percent of that in light

bottles. Since this is offset by the "isotope-

effect" correction (Steemann Nielsen, 1952),

both terms were omitted in calculation of

primary productivity.

Hydrographic cast data were processed by
the Data Collection and Processing Group of

Scripps Institution of Oceanography following

procedures described by Klein = (table 2).

Bathythermograph slides also were processed
at Scripps Institution of Oceanography under

the supervision of Margaret K. Robinson

(table 3). Traces were used to verify tempera-
ture-depth configuration obtained from hydro-
graphic station data.

Zooplankton samples were analyzed to iden-

tify and determine relative abundance of the

organisms present for selection of species to

be more closely examined later. Letters which

designate abundance of the various taxonomic

groups (table 8) are relative only to the total

in each sample. They have no absolute numeri-
cal significance. Groups in parentheses are

tentative identifications.
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EXPLANATION OF DATA TABLES

Table 1.—Summary of station observations.

Hydrographic stations have the prefix

"H", while productivity stations are num-
bered independently and have the prefix

"P". Time entries at productivity stations

are times of initial water collection. Time
entries at hydrographic stations are times

of first messenger release. All times are

to the nearest 5 minutes and are Pacific

Standard Time (PST: +8 zone).

Table 2.—Tabulated hydrographic station data.

Time entries are times of first messenger
releases on each cast and are GCT. Mes-
senger times and wire angles are given

in order of increasing depth when more
than one cast was made on a station. A
line is left blank between observed data

of each cast.

To indicate degree of accuracy, tempera-
tures are recorded in tenths of a degree

Celsius (C.) when obtained by bucket

thermometer or bathythermograph while

temperatures from reversing thermome-
ters are recorded in hundredths of a degree

C. Extrapolated values and values inter-

polated between widely spaced observa-

tions are entered in parentheses. Hyphens

indicate missing observed values.

Table 3.—Bathythermograph observations.

Observations presented in accordance with

H.O. Publication No. 606-c(1956). Lower-
ings to 450 ft, are indicated by post-

script "a" after the slide number. All

other lowerings were made to 900 ft.

Observations made at hydrographic sta-

tions are indicated in the last column by

the station number. Between -station BTs
are indicated by hyphens in that column.

Table 4.—Solar radiation measurements.

Integrated values are given for morning

and afternoon to allow better compari-

sons between productivity measurements.

Values in parentheses are approximate

because of occasional recorder pen diffi-

culties.

Table 5.—Surface C^"* productivity measure-
ments. Time entries are times of water

collection and are PST (+8 zone). Values

in parentheses are questionable by virtue

of either slow filtration or damaged filter.

These values are not included in station

averages or in figure 4,

Table 6.—Surface chlorophyll a measure-

ments. Time entries are times of initial

water collection and are PST (+8 zone).

Values in parentheses are questionable

by virtue of either slow filtration or high

optical density at 750 m/i wave length.

These values are not included in station

averages or in figure 3.

Table 7.—Zooplankton collection data. Time
entries are PST (+8 zone). Volume of

water recorded is here considered to be

volume of water strained by the net

although no corrections for net resistance

or clogging have been applied to calibra-

tions of the meter. Zooplankton displace-

ment volume is the drained wet volume of

organisms captured, after removal of

organisms whose volume exceeds
5 cm. 3.

Table 8.— Relative abundance of zooplankton

organisms. Taxa in parentheses are tenta-

tive identifications. The author is re-

sponsible for these and other identifica-

tions.

Table 9.—Trolling results. Time entries are

PST (+8 zone).

Table 10.—Gill net results. Time entries are

PST (+8 zone).

19



Abbreviations and Headings used in Data Tables

GCT



TABLE 1.—Summary of Station Observations

Date
(July

1961)

Time
(PST)

Position

Lat. N. Long. W.

Station
nvimber

Hydro

-

graphic
cast

BT produc-
tivity

Cailoro-

phyll
Fhyto-

plankton
Zoo-

plankton

Drift
bottle
release

11



TABLE 2.—Tabulated hydrographic station data

OBSERVED



TABLE 2.—Tabulated hydrographic station data-- Continued

OBSERVED



TABLE 2. --Tabulated hydrographic station data—Continued

OBSERVED



TABLE 2.—Tabulated hydrograpMc station data—Continued

OBSERVED



TABLE 2.—Tabulated hydrographic station data— Continued

OBSERVED



TABLE 2.— Tabulated hydrographic station data— Continued

OBSERVED



TABLE 2.—Tabulated hydrograpMc station data— Continued

OBSERVED



TABLE 2.— Tabxilated hydrograpMc station data—Continued

OBSERVED





TABLE ^. --Solar radiation measurements

Date
(July
1961)



TABLE 6. --Surface chlorophyll a meeisurements

Station



TABLE 8. Relative abundance of zooplankton organisms

[Symbols: D = dominant, C = common, F = fev, T = trace]

Organisms



TABLE 8.—Relative abundance of zooplankton organisms—Continued

[Symbols: D = dominant, C = ccnmon, F = few, T = trace]



TABLE 9.—Albacore trolling results

Date
(July

1961)
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