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INTRODUCTION 

The sampling done on ZETES 1 was designed to be comparable to that done on an 
earlier summer expedition, URSA MAJOR (SIO Ref. 67-5). The purpose of these 
expeditions was to make detailed transects of the important biogeographic boundary 
which exists at the juncture of the central and subarctic water masses of the north 
Pacific. Although previous expeditions had sampled this zone, most of them sampled 
during the summer months only and few took vertically stratified biological measure
ments. Further, a rather limited number of physical-chemical variables of potential 
ecological significance had been measured in any detail. 

These two expeditions can provide the basis for a comparative winter-summer study 
of many biological-chemical-physical variables and of correlations between the 
variables both within and between seasons. 

METHODS 

Zooplankton 

Macrozooplankton was sampled with Bongo nets (McGowan and Brown, 1966) using a 
mesh size of 5051J,between the threads. These are paired nets, with each member of 
the pair having a 70 cm diameter mouth opening. No bridle or towing wires precede 
the net. The nets may be opened by messenger at any depth and may be set to close 
after a given volume of water has been filtered. At the odd numbered stations, the 
nets were used iIi two vertical series, the first series simultaneously sampling depth 
intervals of approximately 25-0 m. 50-25 m. 75-50 m and 100-75 m (that is, four 
pairs of nets attached to the wire at a time). and the second series Simultaneously 
sampling depth intervals of approximately 250-100 m. 400-250 m. 550-400 m. Thus. 
at the odd numbered stations, 14 samples were collected from seven depth intervals. 
Estimates of biomass of plankton per unit volume. based on these samples. are 
tabulated in this report. 

At the even numbered stations, a single pair of nets was towed obliquely from 600 m 
wire out to the surface. 

When rough weather prevented the use of the Bongo nets, . a meter net with mesh size 
of about 5501-1 between threads at the anterior end. was towed obliquely between 500 
meters and the surface. 

At six of the southern stations, special six level stratified tows were made in the 
upper 200 meters using fine meshed Bongo nets of 1531-1 between threads. The results 
of these tows have been presented by Frost (1969). 
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At the odd-numbered stations, non-quantitative microzooplankton tows were made 
using a truncated cone-type net of 37 cm mouth diameter. The mesh size of this 
net was 15311 between the threads. The tows were oblique, sampling between ap
proximately 150 meters and the surface. Since this net is subject to clogging, the 
resulting samples were used only for qualitative studies. 

Phytoplankton 

At Station 2 and all odd-numbered stations, sea water samples were collected for 
the study of phytoplankton. Samples were collected with three liter Van Dorn water 
samplers from depths of approximately 0, 5, 10, 15, 20, 35, 40, 50, 60, 75, 100, 
120 and 150 meters. Aliquots of 350 ml were preserved with 10 ml of 10% buffered 
formalin. 

Many of these samples have been used for a quantitative study of the diatom flora. 
Cells were settled from 100 ml aliquots and counted under the inverted microscope 
according to the sedimentation procedure of Utermohl (1931). The total diatom stand
ing crops are tabulated in this report. The results of this study have been discussed 
in more detail by Venrick (1969). 

Chlorophyll 

At nineteen stations, water samples were analyzed for concentrations of chlorophyll 
pigments. Samples were collected with three liter Van Dorn water bottles from 
depths of approximately 0, 5, 10, 20, 35, 40, 50, 60, 75, 100, 120, 150 and 300 
meters. Immediately after collection, one to two liters of the sample were buffered 
with MgC03 and filtered through Wattman GF/C glass filters. The filters were 
ground and the pigments extracted in 10 ml of 90% acetone. One or both of two 
methods of analysis were used: fluorescence of the extract was measured with a 
Turner fluorometer, and the concentrations of chlorophyll~· and phaeophytin ~ were 
determined according to the method of Yentsch and Menzel (1963), and/or optical 
denSity was measured with a DU Spectrophotometer and the concentrations of 
chlor<;>phyll ~, Q and Q were calculated using the equations of Richards and Thompson 
(1952) as modified by Parsons and Strickland (1963). The results of both methods 
are tabulated in this report. 

Because of the small volumes of sea water from which the chlorophyll was extracted, 
the concentrations of chlorophyll a determined by the spectrophotometer may not be 
reliable below 0.2 mg/m3 . -

The fluorometer was calibrated against the DU Spectrophotometer using an average 
value of fluorescence per unit chlorophyll ~ from all samples in which phaeophytin 
concentrations were negligible. 
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The magnitude of the F factor is influenced by the concentrations of chlorophylls .9. 
and .£ (Holm -Hansen,Lorenzen, Holmes and Strickland, 1965). In the present series 
of determinations, the concentration of chlorophyll!! determined with the spectro
photometer were generally higher than those determined with the fluorometer, even 
after correcting for the influence ofphaeophytin!!. This discrepancy increased with 
the concentration of chlorophyll!!, and witlt an increase in the relative proportion of 
chlorophyll.£. Moreover, the greatest discrepancies occurred in samples which con
tained high concentrations of chlorophyll .9.. 

The meridional plot of chlorophyll ~ distribution is based upon the fluorometric 
measurements. At those stations at which these were not available, the concentra
tions of chlorophyll~ from the spectrophotometer were corrected according to the 
regression equation: 

D == 0.136 chlorophyll c (mg/m3 ) - 0.03 

where D is the discrepancy between the concentration of chlorophyll ~ determined 
with the spectrophotometer and that determined with the fluorometer 
(D = Chlorophyll !!Spectrophotometer - Chlorophyll !!Fluorometer). The regression 
is significant at p < .05. 

Vitamins 

At nine stations, water samples were collected for analysis of vitamin B12' Samples 
were collected with three liter Van Dorn water samplers from depths of approximately 
0, 15, 35, 60 and 120 m. Approximately 100 ml of each sample were transferred to a 
sterile polypropylene bottle and frozen at -20 0 C until ready for further analysis. In 
the laboratory, the samples were bioassayed for vitamin B12 using the method of 
Carlucci and Silbernagel (1966). The results are tabulated in this report. 

A. F. Carlucci 

Particulate and Dissolved Organic Carbon 

One hundred and seven samples, from ten stations, were analyzed for particulate 
and dissolved organic carbon. The samples were collected directly from Nansen 
bottles into cleaned glass medicine bottles, capped with screwtop caps protected 
with aluminum foil and frozen immediately. Analysis was done on shore. 

The method of analysis was basically that reported by Menzel and Vaccaro (1964). 
A 5 ml sample of sea water in a 10 ml ampule containing 0.25 ml of 3 per cent 
phosphoric acid and 100 mg of potassium persulphate is freed of inorganic carbon 
dioxide in a stream of nitrogen. The ampule is sealed, autoclaved 45 minutes at 
130-C, and the resulting carbon dioxide analyzed with a Beckman Model 14A infra
red analyzer. 
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The values reported are the averages of triplicate analyses. The precision of the 
method is ± 0 . 03 mg CII at the 95 per cent confidence limits. 

The contribution of the particulate carbon to the total organic carbon is significant 
only in the euphotic zone ineutrophic areas and may contribute from 0.1 to 0.3 mg CII 
(Menzel and Goering, 1966). 

P. M. Williams 

Radiocarbon 

At the odd numbered stations. surface samples were collected for carbon-14 meas
urements on the bicarbonate of the sea water. The procedure has been described by 
Bien. Rakestraw and Suess (1965). The results, which are tabulated in this report, 
have been discussed by Bien and Suess (1967). 

G. Bien 

Isotopes and Atmospheric Contaminants 

Atmospheric and surface sea water samples were collected continuously for the 
study of deuterium and oxygen-18 relationships in marine water vapor and sea water. 
Air samples were also collected for N20 and C02 measurements. 

H. Craig 

HYDROGRAPHIC DATA 

These data were collected and processed by the Data Collection and Processing 
Group (DCPG, MLR). Scripps Institution of Oceanography. Meridional sections along 
155°W Longitude (prepared by John G. Wyllie and Arnold W. Mantyla) showing dis
tributions of the phy.sical and chemical properties as well as some biological data 
appear in Figs. 2-13. 

The majority of casts had 20 Nansen bottles containing paired protected reversing 
thermometers; unprotected reversing thermometers were included in at least 14 of 
the bottles. Most of the lowerings were to 1200 or 1500 meters although some lower
ings to 4000 meters were made. 

Water samples for chemical measurements were obtained from Nansen bottles manu
factured at Scripps Institution. Duplicate salinity determinations were made with a 
University of Washington conductivity salinometer or anautolab inductive salinometer. 
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Dissolved oxygen was determined by the Winkler method as revised by J. H. 
Carpenter (1965). Single titrations were done. The method used to analyze 
phosphate was taken from the publication of Murphy and Riley (1962). Other 
chemical nutrients were analyzed by methods suggested by Strickland and 
Parsons (1960). 

TABULA TED DATA 

In situ Salinity/Temperature/Depth Recorder and Hydrographic Casts 

The data were obtained by bottle casts and by the in situ Salinity/TemperatUre/Depth 
Monitoring and Recording System (STD) and are tabulated in two forms: 

1. When a station consisted of STD lowerings only, values of temperature 
and salinity read at selected levels appear with the appropriate calcula
tions. Whenever the sequence of stations permits, the data from two 
stations with STD lowerings only are tabulated on the left and right 
side of the page under the heading "standard levels of depth." 

2. When a station included both a bottle cast and an STD lowering, the 
bottle cast data are tabulated on the left side of the page under the 
heading "observed levels of depth"; the data from the STD lowel'ing 
to 600 meters appear on the right side of the page with the appropri
ate calculations under the heading "standard levels of depth." Depths 
greater than 600 meters are interpolations from the bottle cast. 

The data tabulated are of the same type as have previously appeared in CCOFI 
reports; the column headings from the computer are explained as follows: 

Z Depth in meters 
T Temperature °c 
S Salinity %0 
OXy Oxygen ml/L 
PHO Phosphate ~g at/L 
SIL Silicate ~g at/L 
NIT Nitrate ~g at/L 
D*T °T cl/ton 
SIG*T at giL 
DD 6D dynm 

Extrapolated values and values between remote observations of the bottle casts are 
not indicated by parenthesis as was previously done but can be determined from the 
tabulation of observed depths. A hyphen is used to indicate a miSSing observed or 
interpolated value. 
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On stations where only an STD lowering was made, the time is the "start down" time. 
When both bottle cast and STD lowering were made on a station, the first time indi
cates the time of messenger release for the bottle cast and the succeeding time the 
"start down" lowering of the STD. When more than one cast was lowered on a station, . 
messenger times are given in order of increasing depth followed by the STD lowering. 
Wire angles of multiple bottle casts are given in order of increasing depth and signif
icant changes in position are listed similarly. 

Nitrite and Surface Observations 

Tabulations of nitrite and a listing of surface temperature, salinity and thermosteric 
anomaly appear after the hydrographic data. 

STANDARD PROCEDURES 

In situ Salinity/Temperature/Depth Recorder 

The manufacturer of the STD claims for the temperature an accuracy of ± 0.05 ° C on 
all ranges with repeatability of ±O.Ol °c and for the salinity an accuracy of ±0.03%o 
on all ranges with repeatabili ty of ± 0.01%0. 1/ Except for the depth range correspond
ing to the steepest part of the thermocline, where the salinity trace appears to fluc
tuate more widely than the bottle samples can confirm, the results of several earlier 
cruises support the manufacturer's claims. The instrument seemed to drift slightly 
during the cruise so corrections to the temperature and salinity were applied. These 
were determined from comparison with the bottle casts where they were made and 
with the bucket temperatures and surface salinity samples taken on each station with 
the STD lowering. 

One lowering to 600 meters was made at each station. The values were checked 
against bottle casts frequently and corrections applied to the tabulations. The traces 
reproduced here have been adjusted for these corrections. 

Hydrographic Casts 

The observed data have been plotted and then evaluated using the method described 
by Klein. '];./ This involves consideration of their variation as functions of density 
or depth and their relations to each other, and comparison with concurrent bathy
thermogram or STD observations and with previous or adjacent observations. 

!/In situ Salinity/Temperature/Depth Monitoring and Recording System, Model 9006, ---
Tech. Rep. No. 102, HYTECH Marine Products, The Bissett-Berman Corporation. 

E./ Klein, Hans T. A. new techni·que for processing physical oceanographic data. MS. 
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To indicate degree of accuracy, temperatures are recorded in tenths of a degree 
when obtained by bucket thermometer, thermograph or bathythermograph, while 
temperatures from reversing thermometers are recorded in hundredths of a degree. 
The salinity of the collected samples when determined by salinometer is recorded to 
three decimal places, provided it meets accepted standards. The values recorded 
''have a reproducibility of ±O. 004%0 salinity at the 95 per cent probability level and 
a probable accuracy of ±O.Ol%o salinity or better at the same level of probability."Y 
The values are recorded to two decimal places when only one determination per 
sample was obtained, or where there is doubt concerning the accuracy of a particu
lar sample, or of all samples on a station. The accuracy of all samples obtained by 
salinometer and recorded to two decimal places is believed to be equal to or better 
than those obtained by manual titration. ~. 

FOOTNOTES 

In addition to footnotes, one special notation is used without a footnote because the 
meaning is always the same. Values which seem to be in error without apparent 
reason are indicated by the following notation: 

u: uncertain value (value may be correct; occasionally it 
can influence the drawing of the property curve used 
for standard depths greater than 600 meters) . 

.;!I Quotation from Department of Oceanography, University of Washington, Tech. Rep. 
No. 66, UW Ref. 60-18, October 1960. 
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2A. Vertical section of temperature (0-625 meters) 
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11. Vertical section of chlorophyll ~ (0-375 meters) 
12. Station curves qfthermosteric. anomaly verSUS salinity (Stas. 1-9) 
12A. Station curves of thermosteric anomaly versus salinity (Stas. 9. ,5-17.5) 
12B. Station curves of thermosteric anomaly versus salinity (Stas. 18~24. 5) 
12C. Station curves of thermosteric anomaly versus salinity (Stas. 25-31) 
13. Vertical section of zooplankton volume, graphical (0-625 meters) 
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