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Abstract 

Primary productivity, chlorophyll~' net zooplankton, and associated 

physical and chemical parameters were measured on seven cruises in the mid-Subarctic 

Pacific Region in 1966-68. Most of the discussion and conclusions apply to the area 

between lat. 46°N and the central Aleutian Islands where most of the data were 

taken, although several measurements were made in March and September as far south 

as the Subtropical Region. Primary productivity and chlorophyll were higher in 

coastal waters than areas to the south, but no other major differences among upper 

zone domains were consistent seasonally. The seasonal cycle of productivity was 
\ . 

typical for temperate oceans in general: low production and standing stocks in 

winter followed by a spring increase developing into more or less of a 

phytoplankton bloom, with intermec'liate levels persisting throughout the summer. 
-2 

Annual productivity was probably between 80 and 100 g. C m. although more 

detailed measurements are needed to establish the precise amounts. Chlorophyll a 

concentrations were relatively constant throughout the year but were higher in 

March when the phytoplankton bloom was developing. 

Low light intensities limited primary production during the winter, 

and zooplankton grazing limited production in summer and part of spring. Nutrients 

and light w·ere always sufficiently ab,mdant to support high productivity during 

spring &.d summer, except that in late summer nutrients, particularly nitrate, 

were very low in the area south of lat. 44 °N., but the productivity did not appear 

severely limited. The main source of phosphate replenis'hment in the upper layers 

during spring and summer was probably in situ regeneration by zooplankton. 
J 

Phosphate supplied by upwelling was shown to be minor during these times. 
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PRIMARY PRODUCTION IN THE MID-SUBARCTIC 

PACIFIC REGION, 1966-68 

Introduction 

The pelagic biota of the Subarctic Pacific Region has long bee~ recognized 

as being distinct from that in the Subtropical Region and thought to be generally 

more productive. Until the introduction of the carbon-14 technique by Steemann 

Nielsen (1952), however, no adequate means existed for directly measuring 

primary productivity in the open ocean. Since that time thousands of measurements 

of primary production have been made throughout the tropical and subtropical North 

Pacific. Measurements in the Subarctic Pacific are fewer and more localized. 

Koblents-Mishke (1965) summarized data from the Pacific Ocean and 

estimated that daily primary productivity in the mid-Subarctic :Region averaged 

-2 -2 -1 
from about 150 to 250 mg. C m. throughout the year or 55 to 91 g. C m. yr. 

She estimated average daily production in the Gulf of Alaska and along the 

-2 Washington and Oregon coasts to be between 250 and 650 mg. C m. 

(90-240 g. C m.-
2 

yr.-
1

) and in the transition area of the southern Subarctic, 

-2 -1 -2 -1 productivity was 100-150-mg. C m. day (35-55 g. C m. yr. ). As discussed 

by Koblents-Mishke, the precision of these estimates is necessarily quite low 

because productivity at most of the stations was measured only at the surface 

and not throughout the euphotic zone, and because many of the measurements 

were made in artificial light of various intensities. In addition, comprehensive 

analyses of annual cycles were seldom possible because seasonal surveys have 

been made in only a few studies. From detailed year-round surveys, Anderson 

(1964) estimated annual primary production in oceanic waters off Washington 



'-2 
and Oregon to be 60 g. C m. 

2 

Annual primary production at Ocean Station "P" in 

the Gulf of Alaska was 48 g. C m.-2 and was based on several years' measurements 

(McAllister, 1969). Although primary productivity has been measured on several 

individual cruises passing through the region (Motoda and Kawamura, 1961; McGary 

and Graham, 1960; Doty, 1964; and Koblents-Mishke, 1965), no previous time-series 

studies of productivity have been made between the Aleutian Islands and the 

Subarctic Boundary at about latitude 40°N. 

Primary productivity, zooplankton abundance, and related physical and 

chemical oce&~ographic parameters were measured on several cruises in 1966-68 

within the Subarctic Region in conjunction with studies of high-seas salmon 

distribution and abundance. Productivity data are listed in Larrance (MS. 1969), 

zooplankton is discussed by Day (MS. 1969), and physical data are listed in 

Ingra..1'1c.;n ond Fisk (HS. 1969). The objectives were to obtain an estimate of annual 

productivity and to detect what differences in levels of productivity, if any, 

OCCUrred among several oceanographic areas described by physical parameters. 

Although these objectives have not been thoroughly achieved, the results obtained 

thus far are presented ~~d discussed in this paper. 

Methods 

Techniques of sampling and treatment of . samples conformed closer to 

recommended or standard procedures with succeeding cruises, because our physical 

capabilities increased--due primarily t ·o aquisi tion of equipment. Departures 

from standard methods are discussed, as is the treatment of data. 
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Field sampling and observations 

Primary productivity and related parameters were measured on cruises 

in March, June, and September 1966; January-February, June-July, and August 1967; 

and May 1968. Dates and general locations of the cruises are summarized in 

Table 1. Measurements in 1966-67 were on a line of stations south of Adak Island 

(long. 176°25 'W)' except in Janua:r.r-February 1967 when the crt..ise track vras along 

long. 162°W. and in May 1968 when the cruise track was along long. 165°W (Fig. 1). 

All cruises were made aboard RV GEORGE B. KELEZ except in June 1966 when MV 

PARAGON, a halibut schooner, was chartered and temporarily equipped for primary 

productivity and zooplankton studies. 

Primary productivity was measured by the carbon-14 method introduced by 

Steemann Nielsen (1952) and modified by Strickland and Parsons (1965). Productivity 

stations were normally taken shortly before dawn and local apparent noon, and the 

incubation periods were for one-half the daylight period, i.e. from dawn to local 

apparent noon and from local apparent noon until about tvdlight. Sea water was 

sampled with 6-liter plastic water bottles at depths determined from the 

penetration of light below the sea surface. These "light depths" were usually 

100, 61, 35, 18, and 3% of the surface intensity according to the fractions of 

light transmitted by neutral-light filters used in the productivity incubations. 

The depths were calculated from Secchi disk readings converted to extinction 

coefficients (k) by the relationship (k = 1.7/D, where Dis the Secchi-disk reading 

in meters) of Poole and Atkins (1929). Sampling depths of the morning stations 

were computed from the preceding day's Secchi-disk readings. The difference 

between the 3%-light level on successive days was usually found to be less than 

5 m. 
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Table 1.--SQmmary of areas, dat~~~ and stations on which primary productivity was 
measured; BCF cruises, 1966-6~ 

Cruise no. Vessel 

1-66 Kelez 

2-66 Paragon 

3-66 Kelez 

1-67 Kelez 

5-67 Kelez 

6-67g/ Kelez 

7-67 Kelez 

2-68 Kelez 

Dates 

1966 

March 18-28 

June 10-21 

Sept. 8-20 

1967 

Jan. 30-Feb. 15 

June 24-July 3 

July 8-July 11 

Aug. 21-Aug. 28 

1968 

May 9-15 

Number of stations Area 

Productivity - 6 Adak line to 4l 0 N. 
Chlorophyll and 

nutrients - 9 
Total - 9 

Productivity- 8 Adak line to 4l 0 N. 
Chlorophyll and 

nutrients - 10 
Total - 10 

-Productivity- 11 Adak line to 40°N. 
Chlorophyll and 

nutrients - 19 
Surface productivity -14 

Total - 28 

Productivity - 10 
TotA.l - 10 

Productivity - 10 
Total - 10 

Productivity (1/2 
day only) - 4 

Productivity - 7 
Total - 7 

Chlorophyll and 
nutrients - 5 

Total - 5 

Along long. 162°W. 
bet1-reen lat. 54 o 

and 46°N. 

Adak line to 46°N. 

Alaskan Stream 

Adak line to 46°N. 

Along long. 164°W. 
between lat. 53° 
and 49°N. 

1/ Only portions of cruises discussed in this report are included in Table 1. 

gj Data from cruise 6-67 were averaged in with data from station 5-67 for purposes 
of this report. 
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Two clear and one darkened 150-ml. glass bottle were filled almost full 

with water from each sampler for productivity measurement. The bottles were 

inoculated with about 2.5 microcuries of NaH
14co3 in a~ueous solution and placed 

under the neutral-light filters in an incubator exposed to daylight and cooled 

with running sea water. Although the spectral ~uality of light in the ocean 

differed from that in the incubator, the intensities of visible light at the 

sampling depths were closely simulated in the incubator by use of the light 

filters. After incubation, productivity samples were filtered through 

cellulose-ester filters, pore size 0.45 p, and returned to Seattle for radioassay 

of the phytoplankton remaining on the filter. As a result of problems encountered 

with the apparatus for filtering productivity samples aboard the PARAGON in June 

1966, several filters became contaminated with carbon-14 from other samples and the 

data frcm the cont!J..minated filters 1:ere discarded. The productivity value at 

station 10 (lat. 48°30 1 N.) remains in ~uestion because of an anomalously high 

ratio of productivity to chlorophyll ~and because productivity was measured for 

only 1/2 day. Since the filtration techni~ue and apparatus had been modified, no 

contamination should have occurred at this station, however, and the productivity 

value was retained. 
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Samples for chlorophyll~' phosphate, silicate, and nitrate were also 

drawn from the water bottles. Nutrient samples were frozen in plastic bottles 

and returned to Seattle for analyses. Four liters of water from each sampler 

were filtered through glass-fiber filters (Gelman, type A),!/stored in a dark 

desiccator at about 0° C., and returned to Seattle for chlorophyll a analyses. 

Total incident solar and sky radiation (over the wavelength range 0.3 to 3 ~) 

was continuously measured and graphically recorded by a pyranometer. .An 

integrator on the recorder also gave the cumulative radiation energy for each day. 

In addition, salinity and temperature were measured and standard weather observations 

were recorded at or in close _proximity to the productivity stations (MS. Larrance, 

1969). 

'};__/Gelman Instrument Co., P.O. Box 1448, .Ann Arbor, Michigan 48106. 
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Laboratory analyses 

Phosphate and silicate concentrations were determined by methods given by 

Strickland and Parsons (1965), and nitrate samples were analyzed by the method of 

Wood, Armstrong and Richards (l967).gj Chlorophyll~ was determined by the method 

of Richards and Thompson (i952) as modified by Strickland and Parsons (1965). 

Chlorophyll samples on the glass-fiber filters were ground in a tissue grinder as 

suggested by Yentsch and Men~el (1963). The resulting suspension was filtered 

through a very-fine-porosity (VF) fritted-glass disk under pressure and the cake 

of residue remaining on the disk was stirred with a few ml. of 90% acetone and 

refiltered. Absorbances at 750 mu of the resulting effluents were seldom more 

than 0.010 per em. of light path, and then only in the more highly colored samples. 

A series of twenty tests showed no more than traces of pigment remaining in the 

residue after the first wash. The above treatment for separating residue from 

samples was preferrable to centrifugation, because of generally lower turbidity 

and more complete recovery of extract. 

gj I wish to thank.Prof. F. A. Richards for kindly volunteering the services of 

chemists at the Department of Oceanography, University of Washington, to analyze 

the nitrate samples. 
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Stock solutions of NaH14co3 were prepared according to Strickland and 

Parsons (1965), but were standardized using liquid-scintillation techniques. A 

1.00 ml. portion from an ampoule containing the stock carbonate solution was 

introduced in 10 ml. of a suitable phosphor solution and its count rate determined 

in a Packard Tri-Carbl/scintillation spectrometer. One liter of phosphor solution 

contained Boo ml. toluene, 200 ml. of Stero~(a surfactant required to make the 

water miscible in toluene), 5.0 g. PPO (2,5-diphenyl-oxazole), and 0.3 g. bis-MSB 

(p-bis-(o-methylstyryl)-benzene). Counts of an external radium standard (a 

functional component of the instrument) were also recorded and the absolute 

activity (dpm) was determined from a previously constructed curve relating 

efficiency to the count rate of the external standard (Wang and Willis, 1965). 

Although scintillation counting is more efficient than planchet counting, 

productl vi Ly s::uaples ,,,ere ruutinely cour1ted on planchets in a gas-flo1-r geiger 

detector for convenience. The efficiency of the geiger counter was determined 

by counting a standard source of known activity so that absolute activities of the 

samples could be related to those of the stock solution. 

]/Packard Instrument Company, Inc. 2200 Warrenville Rd., Downers Grove, 
Ill. 60515. 

~/Jefferson Chemical Co., P.O. Box 53300, Houston, Texas. 
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Measurements of productivity, chlorophyll~' and nutrients at various 

depths were integrated to the bottom of the e~photic zone (designated here as 

that depth where light intensity is 1% of the surface intensity) or other 

specified depth, and the integrated values expressed per square meter of sea 

surface. Mean values for several oceanographic domains were computed by weighting 

the values according to distances between stations. Details of the calculations 

are given in Larrance ! (MS 1969). 

Values of total solar radiation during incubation periods were given by 

Larrance (MS. 1969) and were used in productivity calculations requiring light 

data. Although the photosynthetically active portion of the spectrum is roughly 

one-half of the total radiation (Edmondson, 1956), the recorded values of total 

radiation were not changed. As discussed later, productivity data were adjusted 

on the basis of total radiation. 

Physical Oceanography 

The physical oceanography of the Pacific Subarctic Region has been 

described by Fleming (1955), Dodimead, Favorite and Hirano (1963), and Tully 

(1964). On the basis of data from Ocean Station "F" (lat. 50°N., long. 145°W.), 

Dodimead, Favorite, and Hirano divided the upper 1,000 m. of the Subarctic 

Pacific Region into three permanent zones. These are: an upper zone from 0 to 

about 100 meters depth; a halocline from about 100 to 200 m. through which the 

salinity increased downward by about 1 °/oo; and a lower zone from about 200 to 

1,000 m. During the spring and summer, warming of the surface layers causes a 

temporary thermocline in the upper zone which is subsequently destroyed by cooling 

in the autumn. Consequently the lower limit of the wind-mixed upper layer r~~ges 
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from about 30 to 60 m. in the spring and summer and extends to the top of the 

permanent halocline at 100 m. during winter. The upper zone in the Subarctic 

Pacific has been divided areally into domains by Dodimead et al. (1963): 

Coastal, Alaskan Stream, Central Subarctic, Western Subarctic, and Transition 

Domains (Fig. 2). The Coastal Domain south of the Aleutian Islands lies. over 

the ·continental shelf and is strongly influenced by Bering Sea water mixed 

through passes between the islands. To distinguish the Coastal from Alaskan 

Stream Domains, coastal water was arbitrarily defined, by surface sallni ties 

greater than 32.9 °/oo. The Alaskan Stream, described in detail by Favorite 

(1967), flows westward out of the Gulf of Alaska with velocities as high as 

-1 
100 em. sec. It is diluted by runoff from Alaska and can be detected by 

salinities at the surface· less than 32.6 °/oo. The Central Subarctic Domain is 

an area of weak and variable currents baunded on the north .. .L1 '"-. • ~I 

D~l t.. .. j,~ .u .. ~asKa..::l u t.,!.·ewn 

and on the south by the eastward flowing Subarctic Current with velocities 

between 5 and 20 em. sec.-l (McAlister et al., MS. 1969). The Subarctic Current 

separates the Central Subarctic Domain from the Transitional Domain which extends 

southward as far as the northern boundary of the Subtropical Region and is also 

an area of weak eastward flow. Nomenclature given by McAlister et al. (1968) was 

slightly different from the upper zone domains but it was based in part on 

features below the upper zone. For purposes of this paper, the definitions of 

the upper zone domains as given in Dodimead et al. (1963) were used with the 

inclusion of the Subarctic Current (which originates in the Western Subarctic 

Domain) within the Central Subarctic Domain. 
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The Transition Domain has been fUrther divided into two areas (T-l and 

T-2) on the basis of the salinity in the upper 50 m. The division between areas 

T-1 and T-2 was set in August 1967 at latitude 47°N., where surface salinity was 

a maximum and decreased to the north and to the south at least as far as lat. 46°N. 

The Tr~~sition Domain was also divided in September 1966 at which time the northern 

area (T-l) extended from lat. 47°05'N. to 43°35'N. where a relatively sharu 

horizontal salinity gradient was found. The southern area (T-2) extended to lat. 

40°45'N., where the boundary between _Transitional and Subtropical waters was found. 

These divisions of the Transition Domain are somewhat arbitrary, but tend to be 

corroborated by biological and chemical characteristics. 

Estimation of primary nroductivity 

Because pruducti vity was measured in natural light vrhich differed (by 

as much as five fold) in total insolation from day to day, productivity values 

were adjusted by two methods to permit comparison of productivity estimates under 

equitable light conditions. One method applied the relation given by Ryther and 

Yentsch (1957) of relative daily productivity beneath a unit of sea surface to 

total daily surface radiation. The measured daily light ~ntensities were averaged 

for each cruise ~~d the corresponding values of R (photosynthetic rate relative 

to photosynthesis at light saturation) were determined for the mean value of daily 

light and for the light observed on the particular day in question (Rav and Rm 

respectively). Adjusted productivity was then ccmputed by 

~ = Pm x Rav/Rm 

where PR and Pm are the adjusted and observed productivities integrated through the 

euphotic zone and have the units of mg. C m. - 2 day-1 • This procedure amounts to 

using the shape of Ryther and Yentsch's curve but not their absolute values for 

estimating productivity. 
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Since Ryther and Yentsch used data from diverse areas of the ocean, an 

attempt was made to establish a simple empirical relationship to estimate 

productivi~y in the mid-Subarctic Pacific Region from chlorophyll and light 

data obtained during the KELEZ cruises. A linear regression (Fig. 3) was 

computed of measured daily productivity (Pm) per unit of chlorophyll ~ (Ca) 

in the euphotic zone (where Pm/Ca =mg. C assimilated m.-2 day-1 ) on daily 
mg. chlorophyll a m.-2 

light intensity measured on the ship's deck. Data from. only those stations 

where a full day's productivity and light were measured were used for the 

relationship. The variability was generally large, as might be expected 

from data of this kind, and was especially high for stations in the southern 

portion of the study area (transitional and subtropical water). This 

yariability suggests that productivity responses to the enviro~~ent occurred in 

the Transitional Domain in.d sul•l.ruplc \•rater ~-rh.i ch were probably differer.t frora 

those north of about lat. 46°N. Furthermore, relatively few measurements were 

taken south of lat. 46°N .--not enough for seasonal comparisons. For these 

reasons, the regression was computed for only those stations north of lat. 46°N. 

Productivities under average daily light intensities for each cruise 

(Pk) were estimated by multiplying the chlorophyll ~measured in the euphotic 

zone at a station by the estimate, from the regression, of P/Ca corresponding to 

the average daily light intensity for the cruise. Although the relation was not 

based on data taken south of lat. 46°N., it was used to estimate productivity 

for stations .as far south as lat. 44°N. in June 1966 (Fig. 4). 

These methods give rough approximations at best, but probably provide 

more accurate productivity responses to seasonal-average light conditions than 

those given by measured productivity values affected by large day to day 

fluctuations of light. 
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Table 2 .--Chloror)hyll ~ in the euph.:Jtic zone measured and estinated :9ri.mar y 
productivity values, and ratios of productivity to chlorophyll a in the 
mid-Suba.rctic Pacific Region (averag!=d wit:':'lin· upper zone oceanographic domains), 
1966-68 . 

Date and Chlorophyll a Primary pro~-~ctiv~rY 
cruise n9. Area ( -~) (mg. C m. day ) mg. m. -

ca pm PR PK Pm/Ca PR/Ca PK/Ca 

March 1966 
(K 1-66) Adak Bay 24.9 187 460 351 7.5 18.5 

Alaska.."l StreWJ. 23.2 229 392 327 9.9 16.9 
Central 

Subarctic 17.8 305 265 251 17.1 14.9 
Transitional 19.6 317 317 276 16.2 16.2 
Subtropic 13.2 612 515 46.4 39.0 
46°:-51°40' 19.] 292 303 272 15.1 15.7 14.1 

June 1966 
(P 2-66) • Adak Bay 64.3 1485 1492 1061 23.1 23.2 

Alaskan Stream 25.0 412 
· Central Subarctic ll~. 5 422 429 239 29.1 29.6 

Transitional 9.4 324 328 155 34.5 34.9 
46°-51°40' 14.4 431 426 238 29.9 29.6 16.5 

.September 1966 
(K 3-66) .ll.il.Rk Ray 4" ), 914 827 21.6 "-. -

Cci:!.Stal 23.8 3h5 
I , I 14.5 -404 

Central Subarctic 11.9 lO"i _,_ 199 232 16.4 16.7 
Transitione..l I 11.7 222 "l97 228 19.0 16.8 
Transitional II 6.9 187 217 27.1 31.4 
Sub tropic 15.0 165 150 11.0 10.0 
46°-51°40' 12.8 204 201 250 15.9 15.7 19.5 

January-February 1967 
(K 1-67 Alaskan Strear.1 9.1 71 80 60 7.8 8.8 

Centra~ Subarctic 12.4 93 108 82 7.5 8.7 
Tra.."ls i tional 10.1 94 82 67 9.3 8.1 
46°-53°53' 11.2 88 96 74 7.9 8.6 6,6 

June-July 1967 
2'+.1 (K 5-67 Adak Bay 99.4 2068 2396 1889 20.8 

K 6-67) Coastal 22.8 945 680 433 41.5 29.8 
Ala3karJ Stream 14.0 290 265 266 20.7 18.9 
Central Subarctic 11.1 165 193 211 14.9 :!. 7. )+ 

·Transitional 13.2 171 299 251 13.0 22.6 
46°-51°40' 12.7 202 248 241 15.9 19.5 19.0 

A),!gUSt ~q67 
60.6 648 878 867 10.7 14.5 (K 7-67,- Ad.a.l: :i3ay 

Coastal 41.8 661 483 598 15.8 11.6 
Central Subarctic 6.3 118 138 90 18.7 21.9 
TransHional I '7 ') 127 ~27 103 17.6 17.7 I • •-

Tra.'1.sit:i.onal :I 16.8 598 664 2l~o 35.6 39.5 
46°-51°40' 10.7 238 21n 153 22.2 23.1 14.3 

May 1968 
41. ~ 7~0 (K 2-68) Alaskan Stream 

Central S:.1barctic 1~. 1 ~ t, ... gP.n; t~qBal ±ttJ ~tt 48 J r_ .) 
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Estimated values of PK from the regression and PR •rere in general 

agreement, but differed markedly in June 1966 at stations 6 and 10 (Fig. 4, 

Table 2). At station 10 productivity was measured for only 1/2 day and the 

results were doubled to obtain Pm. Because PR is a function of Pm, therefore, 

PR at station 10 may be relatively inaccurate, Furthermore, the PR/Ca ratio 

(58) at station 10 was the highest value recorded which indicates that PR at 

station 10 may overestimate productivity. Similarly, at station 6, PR/Ca was 

the second highest (32) of values north of lat. 46°N., except at lat. 46°N. in 

August 1967 when PR/Ca equaled 39. In contrast, PR/Ca ratios estimated for 

June 1967 ranged between 11 and 17 between lat. 46° and 50°N. Moreover, the 

estimated PK and PR values were in relatively good agreement in June 1967 as 

were the June 1966 and June 1967 values of PK. For these reasons, therefore, 

the prlmary productivit~r a..."ld photosynthetic capacity of Lhe populu.tiuns in 

June 1966 vrere probably overestimated by PR and PR/Ca. 

Areal and Seasonal Distributions of Primary Productivity and Chlorophyll a 

The ratio of daily carbon assimilation (productivity) to chlorophyll a 

(P/Ca) has been used to estimate productivity from chlorophyll and light 

measurements, and the P/Ca ratio may also be considered as ~~ index of the 

efficiency or capacity of a population to photosynthesize under natural light 

conditions and ambient nutrient and temperature conditions and provide a basis 

for seasonal and areal comparisons. This is similar to the ratio discussed by 

Currie (1958) except that Currie used the concentration of the total complement 

of plant pigments instead of only chlorophyll ~· It is also similar to "turnover 

rate" "' production 
standing stock 

(Cushing et al., 1958) in so far as chlorophyll~ is an 
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index of standing stock. Ratios of P/Ca were computed for measured 

productivities (Pm) and productivities adjusted for differences in light 

(PR) by the curve of Ryther and Yentsch (1957) (Fig. 5, Table 2}. 

Differences in productivity and chlorophyll ~ among the upper zone 

domains do not appear to be consistent from season to season except that mean 

values in the Coastal Domain and Adak Bay were higher than those farther from 

shore (Fig. 4, Table 2). The Coastal and Alaskan Stream Domains can be 

compared only in June-July 1967 because both areas 1vere not sampled on any 

other single cruise. · Productivity and chlorophyll ~were substantially higher 

in coastal water than in the Alaskan Stream. Unltke other times of the year, 

productivity and chlorophyll values were not much higher near shore in March 

1966 or January-February 1967, probably because low light intensities limited 

producLion tl1roughout tl1e northern Subarctic Region at tb.t::se tin1es to about 

similar levels. This effect was especially pronounced at Adak Bay where 

. 4 -2 -1 . productivity estimates in March were betvreen 350 and 60 mg. C m. day but 

-2 -1 ranged between 840 and 2,400 mg. C m. d~· in late spring and through the 

summer. The lowest productivity from each cruise occurred in the Central 

Subarctic Domain except in winter when productivity vras u.11iformly lovr throughout 

the region. The mean productivity, however, in the Central Subarctic Domain was 

lower than in the other areas only in March 1966 and June 1967. 
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High PR/Ca ratios were estimated for four of the eight stations at or 

south of 46°N. The southermost stations in March and September 1966 were in 

Subtropic water. In March, PR (515 mg. C m.-2 day-1) and PR/Ca (39) were high, 

suggesting conditons of a phytoplankton bloom, while in September, PR/Ca was 

lowest (10) of any observed during summer. At lat. 44°N. in June 1966 and at 

lat. 42°50'N. in September, PR/Ca ratios were high (41 and 49} but PR values were 

( -2 -1) moderate 232 and 275 mg. C m. day • In the latter instances, the high ratios 

may be caused by unusually low chlorophyll values (5.6 mg. m.-2 in each case). At 

lat. 46°N. in August 1967, however, PR and chlorophyll~ were both relatively high 

(664 mg. C m.-2 day-land 16.8 mg. m.-
2

), thus the high productivity and 

photosynthetic capacity (PR/Ca = 40) of the population were undoubtedly real. 

From these results, productivity and photosynthetic capacity south of lat. 46°N. 

appe~::~..c to be nPit.hP. :r rhA.racterist i cally hie;h or low; but fluctuate over a wide 

range. 

Except for those· observations in June 1966, already discussed, the 

data between lat. 46°N. and the Aleutian Islands appear to be more reliable than 

those south of lat. 46°N.: More measurements were made in the northern part, 

the variation in PR/Ca ratios was smaller, and PK and PR were in good agreement. 

The data, therefore, permit seasonal comparisons of productivity and chlorophyll 

north of lat. 46°N. If all the data are treated as if they were taken in the 

same calendar.year, a seasonal pattern of productivity can be approximated. 

Productivity in winter was uniformly low throughout the area (PR = 96 and PK = 

4 -2 -1) 7 mg. C m. day • The mean chlorophyll ~concentration, however, was 

11.2 mg. m. -
2 

which was similar to summer means. As might be expected, primary 

productivity was limited by low available light energy in the winter. The mean 
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daily light intensity was low (116 cal. cm.-
2

) and the availability of light 

to the cells was further limited by their being uniformly distributed in the 

surface mixed layer which reached well below the euphotic zone to the halocline 

at about 100 m. 

The lowest PR/Ca ratios w·ere found in winter suggesting that 

productivity was limited by low light intensities, corresponding to the general 

winter condition for temperate oce&~s. In March, daily light intensities 

averaged 274 cal. cm.-2 and thermal stratification had developed sufficiently 

to decrease the mixed-layer depth thereby increasing exposure of the cells to 

the brighter light at shallower depths and consequently stimulating growth. 

Chlorophyll~ concentrations averaged 19.3 mg. m.-
2

, which was significantly 

-2 
higher than for any other season, and PR and PK equaled 303 and 272 mg. C m. 

n.:nr-1 
mi""\'V'Q +h<>n tn.,..~a +;..,...,:::.~ OC' h1." ~h ac ;., Tt':ln11,.,YI""'T t':lnr1 'ti1ol-.'"V'o111"1.....,, -o..AV , • ..,_ .1. """ <J.., .......... .., ..,..,.&.. - ._ \.1 ..... J.J..L'- '-' """'._, .a. 51. ._. ""- .. _ V l,.oo..LJ. \..4."-'-.1.,] "'-"H.J.\,A,. .L. '- t..l .&. \.A.U.- o.. • 

I'TT!- .- - D /r onrl 
.~. .. .~.._ :..R, ..... ~ ................... 

PK/Ca ratios \orere about 16 and 14, thus the population was producing twice as 

much per unit standing stock as in mid-winter, indicating that productivity was 

no longer limited by low light intensities. Since measurements in May 1968 were 

made at a considerable distance east of the Ada.'~< Line, they may not be directly 

comparable, but mean PK and chlorophyll~ values were remarkably similar in May 

1968 and June 1966 and 1967. Mean values of PK for June 1966 and 1967 were close 

(238 and 241 mg. C m.-2 day-1 ) and also agreed with PR for June 1967 (248 mg. C 

-2 d -1) m. ay • 
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Although primary production apparently continued at a. high rat.e through 

the spring, chlorophyll ~ concentrations were significantly less in May and .June 

than in March, which may have resulted from increased zooplankton grazing during 

the spring. Since in .June 1966, PK/Ca = 16 and PR/Ca and PK/Ca in .June 1967 were 

21 and 19, the population was producing at least as efficiently in .JQ~e as in 

March and th€ standing stock, therefore, could be expected to be at least as large 

if.the loss rate of phytoplankton from the euphotic zone (primarily by sinking and 

grazing) remained constant. That the standing stock was less in .June than in March, 

however,.clearly indicates an increased loss rate and evidence from zooplankton 

data (discussed later) suggests that this increase was caused by grazing. 
' 

In August, the mean PK and PR values differed significantly 

' 4 -2 -1) . . ~PK = 153 and PR = 2 7 mg. C m. day • A large part of th1s d1fference may 

be attributed to high p:;:-oductivi" .... y meo.am·ed at lat. 46°1\, in tranRitioel R.rP.a. '1'-? 

(PK = 240 and PR = 664). These estimates strongly influenced the me~~s because 

the weights assigned to each in the averaging process were relatively large. 

The meah chlorophyll ~ concentration was 10.6 mg. m. - 2 , slightly less than in 

.June, and the mean PR/Ca (23) was higher than in .June. In September, mean PR and 

-2 -1 -2 PK were 201 and 250 mg. C m. day ' a.."ld the mean chlorophyll ~was 13.0 mg. m. 

These values were somewhat similar to the other summer values as were the ratios 

PR/Ca (16) and PK/Ca (20). 
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The general time-distributional pattern of productivity and chlorophyll 

a between lat. 46° and 51°40' N. from January through September was dra1m from 

the above results and represented by Figure 6. Production in the w·inter was 

low, a significant increase ·developed in March, and was relatively steady at 

intermediate levels thro•.J.ghout the summer. Chlorophyll a also increased between 

February ana late March as a consequence of high production, but decreased 

significantly during the spring and decreased slightly throughout the summer. 

Some possible cause and effect relationships can be inferred fran the nutrient 

and zooplankton data. 

Areal and Seasonal Nutrient Distributions 

Nutrient concentrations i>rere always higher in Adak Bay and the Coastal 

Domain than in the other areas ar.~ generally decreased toward the south (Table 3, 

Fig. 7). Average concentrations of nutrients in the Central Subarct:.c water 

exceeded thos~ in the -~askan Stream only in June 1967. In winter of 1967, the 

nutrien~s were relatively high with little variation throughout the cruise area. 

Low nutrient concentrations at a few stations to the south in September 

corresponded to lower PR/Ca ratios. The lowest average phosphate concentration 

in the upper 50 m. was 10 mg. m.-2 and occurred in subtropic water. Nitrate 1fas 

undetectable in the upper 10 m. at one station in area T-2 (lat. 43°N.) and 

-2 
totaled only 12. mg.-at.m. in the upper 50 m., while the minimum silicate 

observed was 187 mg.-at. m.-2 at the same station. Apart from the low nutrient 

values measured south of about lat. 44°N. in September and possibly in subtropic 

water in March, nutrients appeared : to be in sufficient abu11dance to support 

Vigorous phytoplankton growth. Even for these areas of low concentrations, 

productivity did not appear to be severely limited as evidenced by the PR/Ca 

ratios, but was probably somevrhat suppressed. 
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Table 3.--Dissolved nitrate, phosphate, end silicate in upper 50 meters of 
mid-Subarctic Pacific Region (averaged vrithin upper zone oceanographic 
domains) _, 1966-68 . 

Nitrate Phosphate Silicate 
Cruise no. Area t -2 t -2 + -2 mg.-a • m. mg.-_a._ _. !ll_• ____ yg.-a~. m. 

Ke 1-66 Adak Bay 104.6 2,849 
Alaskan Stream 88.8 1,990 
Central Sub!.l.rctic 81.2 1,903 
Transitional 60.2 1,195 
Subtropic 29.2 512 
46°-51°40' 77.8 1,754 

Pa 2-66 Adak Bay 94.9 2 ,s·n 
Alaska Stream 81.2 1,978 
Central Subarctic 56.9 1,491 
Transitional 49.6 1,155 
46°-51°40' 56.0 1,480 

Ke 3-6G Adak Bay 954 90 .1~ 2,499 
Coastal 88.7 2,331 
Central Subarctic 583 75.4 1,692 
Transitional I 492 56.7 1,143 
Transitional II - 6l.l- 16.8 280 
Subtropical 76 J.O.O ';;•)(.. 

._) .) .~· 

46°-51°40' 579 72.0 1,597 

Ke 1-67 Alaskan Stream 571 83.4 1,594 
Central Subarctic 661 82.0 1,665 
Transitional 599 69.0 1 ,3J 4 
46°-53°53' 627 -- 79.0 1,561 

Ke 5-67 Adak Bey 772 101.7 2,192 
Coastal 1,160 117.4 2,806 
Alaskan Stream 534 65.8 811 
Central Subarctic 790 89.0 1,704 
Transitional 248 42.2 588 
46°-51°40' 579 78.6 1,247 

Ke 6-67 Alaskan Stream 554 56.9 942 
Central Subarctic Boo 90.6 2,026 

Ke 7-67 Adak Bay 1,111 113.6 3,012 
Coastal 1,020 120.7 2,66'6 
Central Subaretic 596 88.2 1,854 
Transitional I 724 97.3 1,883 
'l'ransitional II 276 49.2 792 

. 46°-51°40 I 610 86.4 1,725 

Ke 2-68 Alaskan Stree..m 60.0 868 
Central Subarctic 63.1 1,022 
'l'ransi tional 105.7 1,415 
48°50'-53° 
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To obtain a seasonal pattern of nutrient changes, the data were treated 

as composite measurements from the same year, as with the productivity data. The 

changes of mean nutrient concentrations between lat. 46° and 51°40'N. from season 

to season were not large. In midwinter all nutrients were relatively abundant 

and phosphate and silicate were about the same in March, when nitrate was not 

measured, as in winter. Phosp~ate decreased between March and June 1966 from 

78 to 56 mg.-at. m.-2 , the largest fractional change measured during this study 

for any of the nutrients. In June 1967, nitrate and phosphate concentrations 

were nearly equal to winter values, but silicate was less. The apparent 

difference in the behavior of phosphate fluctuations between the two years could 

be merely a shift in timing of the periods of high primary productivity or supply, 

or an overall net difference in the balance betw·een phosphate assimilation and 

supply for the y·ear. B~r Ailt;ust all nutrients ho.d increased, partie:,il url~,r silicate, 

to quantities higher than in winter. In September, however, they -.rere somewhat 

lower but the differences bet-.reen August and September probably only represented 

normal variations from year to year. 

In summary, a pattern of high nutrient concentrations in the north and 

lower concentrations to the south of the study area was generally constant 

seasonally. Nutrient levels sufficiently low to substantially limit primary 

productivity were approached only in the Transitional Domain and Central Subarctic 

water in late summer. 
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The low nutrient concentrations to the south in the suwmer lend 

support to the proposal by Anderson (1969) that a trans-Pacific band of 

chlorophyll occurs between the seasonal and permanent pycnoclines in the summer. 

His measurements indicate that the algae are produced in situ at these depths 

(50 to 75 m.) which receiye less than 1% of the light energy at the sea surface. 

This band lies between lat. 35° and 45°N. and is coincident with and could 

explain the occurrence of a layer of maximum oxygen content (Reid, 1962). 

Anderson also found that nitrate in the surface mixed layer above the chlorophyll 

-
ba~d was nearly absent, having been used up in the spring during high primary 

production. A nitrate gradient through the deep chlorophyll maximum suggested 

that nitrate being diffused toward the surface from deeper water was completely 

assimilated in the deep layer. 

Chlorc:ph:rll muxirnc. ~"'"ere fotmd at 50 m. in Jw"le 1966 at lat. 44 °~I. a..:.!d 

at 100 m. in September at lat. 4 3°N. Nitrate was not measured in June but it 

was undetectable in the upper 10 m. at lat. 43°N. in September. The deep 

chlorophyll layer at other stations could easily have been missed by sampling 

at standard depths. 
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Phosphate Changes a.11d Their Relatior.. to ·Primary Prod.uction 

· An attempt was made to draw qualitative inferences from phosphate data 

about the relative levels of primary production betvreen cruises to obtain a 

somewhat more complete picture of the seasonal productivity pattern. The major 

factors gene~ally affecting changes in dissolved phosphate concentration in the 

oceans are: (1) utilization by prima~· producers (Pu), (2) regeneration by 

zooplankton a.11d bacteria (Pr), and {3) advective chang~s (Pa). The relation 

among these factors is given by: 

A P0 = APu + L!Pr + .APa 
\ 

Where L1 P
0 

is the net change of phosphate concentration 1-rith time, L) Pu is 

negative,~ Pr is positive, and dPa can be of either sign. Estimates of~ Pu 

between cruises •..rere calculated bv applying a ratic of carbon to phosphorus ( C:P) 

to carbon-14 data, A Pa 1vas estimated from calculations of vertical velccities 

and phosphate ·concentrations measured at depth, ~?0 was calculated from 

measurements of phosphate concentrations, but no adequate estimate of~ Pr was 

possible. Tvro major assumptions were necessary to evaluate the above pa.ra'lteters: 

l. The ratio C :P = 40 by weight (Strickland and Parsons, 1965). This 

value relates the C and P conterrt of cells, but not the amo,.mts assimilated. It 

is applied here, however, to carbon-assimilation rates measured b;;r the carbon-ll~ 

method which gi,ves measurements somewhere between net and gross production. 'I'he 

resulting estimate of phosphorus uptake, therefore, <rill be larger than the 

actual amount of ph:::>sphorus retained in new cell material. 

2. Phosphate concentrations and. their in situ changes -w-ere uniform 

within individual upper-zone domains. This assumption permits us to neglect 

the effect of horizontal adve~tion. 
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Since nutrients \vere generally abundant in the Subarctic Region and 

changes were small during t~e year, circulation and regeneration must have 

supplied dissolved nutrients to the upper zone at rates sufficient to keep pace 

with their utilization, despite high assimilation rates by the algae during 

spring and SUI!I.r.ler. The amounts of phosphate supplied to the upper 50 m. by 

upwelling were estimated from calculations of monthly mean vertical velocities 

(Wickett, 1966, 1968) and observed phosphate concen·!:;rations at 50 m. (Table 4). 

Wickett listed meridional components of Ekman and total transport for alternate 

points on a grid of 5-degree units of latitude and longitude. For obtaining 

the phosphate estimates, tl1e average of monthly mean vertical velocities for 

grid points at lat. 45°N., long. 175°W. ru1d at lat. 50°N., long. 180°W. were 

used as single monthly estimates applicable to the Adak line of stations north 

of lat. 45°:N. Tu obtai11 the 11et an10ur1t of phospl1ate e:cc:llc-£nged tl1rougt. the :JO-rn. 

surface, the net vertical displacement of water during each month vras multiplied 

by mean phosphate concentrations at 50 m. 

The computed vertical velocities refer to the bottom of the Ekman 

layer but they were applied to phosphates at the 50-m. level, although the Ekman 

layer in the Subarctic Region generally extends to the halocline at 100 m. The 

error incurred, howe-v-er, by applying the velocities to the 50 rather than the 

100-m. level was probably ;.:ithin the range of precision of the estiwated 

velocities. Fti..-..thermore, in cases where phosphate gradients 1vere steep, the 

errors in the estimates of phosphate supply to algae in the euphotic zone may 

have been large had the phosphate concentrations nt 100 m. been used. 
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Table 4.--Ch&>ges in level of dissolved phosphate in the upper 50 m. of the mid-Subarc~ic 
Pacific Region (attributable to vertical transport and assimilation by phytoplankton) 
and their relation to measured. (in parentheses) concentrations 

Period 
.Po Pa Pu 

mg. P n1.-2 day-1 mg. P m.-2 day-1 mg. P m.-2 day-1 
(mg. P m.-2) (mg. P rn.-2) (mg. P m.-2) 

1966 

March-June 

June-Sept. 

1967 

Feb.-June 

J·..U.y-Aug. 

-8.1 
(-680) 

5.4 
(500) 

0 
(0) 

4.3 
(240) 

1/ See text for definition. 

1.0 
(80) 

1.5 
(140) 

2.7 
(310) 

-1.7 
(-100) 

-6.L. to -9.3 
(-530 to -760) . 

-5.5 to -8.4 
{-500 to -770) 

-4.0 to -4.3 
(-570 to -620) 

-4.9 to -6.2 
(-280 t:; -350) 

Residual change 
of p!f 

mg. P m.-2 day-1 
(mg. P m.-2) 

. 

-2.7 to 0 
(-230 to 0) 

9.4 to 12.3 
(860 to 1130) 

-1.6 to -1.3 
(-430 to -260) 

10.9 to 12.2 
(6;>: ) t.o 69.J) 
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These above estimates of net exchange of phosphate must be considered 

minimal because the turbulent flux of properties across a surface cannot be 

computed using mean velocities. That is, mean vertical velocities indicate 

unidirectional flow, although 1vater and its associated properties actually move 

up and down across horizontal surfaces. Since phosphate concentration usually 

increases with depth, the shallower water will lose less phosphate by downward 

flux than it '~>rill gain by eq1..:ivalent upvard motion. The net upward flux of 

phosphate, therefore, -will always be underestimated by applying· meari vertical 

velocities when a positive downward gradient of phosphate occurs. 

Values of~ Pu for tr.e periods between cruises were estimated from 

productivity data. First, the lesser values of the t-wo p·roductivity estimates 

(PK or PR) from each of two succeeding cruises were averaged, as were the greate~ 

values. These averages represented the limits of the ra.n~e of rr1.=-;:..n :f'.C0duc ti '.rl ty 

during the period between cru:!.ses. For exrunple, in the summer of 1966 (vhen ir. 

8 4 6 -2 . -1 . June, PK = 23 and PR = 2 mg. C m. day , and m September, PK = 250 and 

PR = 201 mg. C m.-2 day-1 ) the range of mean productivity during the period was 

220 (the average between 238 and 201) and 338 . (the average between 426 and 250) 

mg. -2 -1 C m. day • The limits of the ranges were mu:!.t i plied by the recipro ·~al of 

the C:P ratio (1/40) to obtain the daily ra~e of phosphorus uptake in mg. within 

a 1-m.-2 cross-sectional column of the euphotic zone (Table 4). This rate vras 

considered equiYalent to the uptake in the upper 50 m. No error ,.,as incurred by 

this approximation when the euphotic zone was no deeper than 50 m. The "residual 

changes" of P were the changes unaccou.."lted for by .1Pa and L\Pu, thus they 

included regea.erl3.tion and other changes not e·.,raluated: 

residual change = Ll P0 - ( 4Pa + c:iPu). 
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Although the accuracy of these estimates was low, the direction that 

A Pa and ~Pu are likely to ~e in error are known and the direction of error 

of the residual changes c&, be deduced. Since the absolute values of ~Pa were 

minimal and of L\. Pu were too large (and d Pa was either positive or negative 

and L1Pu vras always negative) the su::n .1Pa + APu tended. to be in error toward 

the nega~ive direction. The residual chru1ges, therefore, tended to be in error 

in the pqsitive direction. That is, the estir.tates of resi~ual ~hanges were 

closer to the upper limit of the range of precision than to the lmver limit. 

The residual changes during similar seasons in the two years agreed 

remarkably well (Table 4). Negative values during spring show that phosphorus 

assimilat:.on, and hence primary productivity, must have averaged more than that 

calculated., even if there 1vere no regeneration. If phosphate regeneration is 

assu."1'led to l:e ;:.ere, the pnx1uctivity Juring bot1: spring aeaBO!iS l!i.USt have been 

as much as 40% higher to account for the ~hanges in neasured phosphate. Although 

regeneration rates 1·iere probably lower than in summer, sor.1e regeneration must 

have occurred. The residual change would have been greater, therefore, ard the 

productivity higher. Clearly, spring phytoplankton production substantially 

greater than the measured product i vi ties must have occurred. in 1966 end 1967. 

Positive resid•.1aJ changes in the summer indicate highe~ phosphate regeneration 

rates than in spring. Phosphate turnover times 3a-re been variously reported from 

about one to several months (Ketchum, 1962). According to Ketchum excretion by 

zooplankton accounts for large portions of regenerated phosphate as well as 

inorganic ni troe;enous compou."'ld.s. The residual changes correlated ~ori th zooplan~-:.ton 

biomass in the Subarctic Region which was roughly three times higher in summer 

than in Feb~uar~/ or Harch (Da~.:, Dona:::..d S., unpublished data). If phosr·hate 

rege!leration accounted for all the residual changes in swnmer, 45 to 5'0% of the 
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phosphate in the >rater vTOuld be renewed by regeneration in 3 months. In contrast, 

the upl.velled phosphate supplied only about 6% of the total concentration in 

summer of 1966 and phosphate vras lost from the upper layers in 1967 bJ' downward. 

velocities. Therefore, it appears that in the mid-E'ubarctic Pacific Regio::1, 

the chief source of nutrients supplied throughout the summer is in situ 

regeneration by zooplankton. At Ccean Station "P", hmrever, primary productivity 

accounted for the entire loss of phosphate between Harch and August (Parsons, 

1965), thus regeneration may have been negligible. 

The Relation of Zooplankto::1 Biomass to Chlorophyll and 
Primary Production 

Zooplankton abundance and chlorophyll data were compared to determine 

if :!. correlation behreen the t1vo parameters could be detected. The smaller 

zooplankton were s~~~led by raising a :/2-m. NORPAC net (mesh o~ening 0.33 ~.) 

vertically from 150 m. depth to the surface at about 1 m. sec. -l. Displacement 

vollli~es of tee catches weighted for dist~~ce between stations were averaged 

between lat. 46° and 51°40'N. for each cruise. The mean volumes in February 

and March were about 70 ml. per 1000 m~ of water strained (or 70 ~. m.- 3 ) and 

ranged from about 250 to 280 ml. m.- 3 in summer except in August 1967 when the 
~ 

mean volume >;as 550 ml. m. -.J (Day, Donald S., unpublished data). Thus, the 

zooplankton standing stock incree.sed to about four tines its 1·dnter level 

sometime after the phytoplankton increase in March. Grazing by the zooplankton 

apparently occurred early enough to crop down the algae, thereby limiting primary 

Froductivity before it reached sufficient levels to deplete the nutrients from 

the u~per layers. A relatively steady state of grazing pressure and phyto~lankton 

standing stock seemed to hold during the summer (at least in the s1.lill1!ler of 1966). 
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These findings agree w·ith the conclusion of McAllister ~ al. (1960) that 

zooplankton grazing limited primary production at Ocean Station "P" by maintaining 

the phytoplankton standing stock at relatively low concentrations. 

The relation cetween zooplankton displacement volumes and chlorophyll ~ 

concentrations (Fig. 8) shows a negative correlation, further corroborating the 

above conclusion. The regression of chlorophyll ~ on zooplankton includes only 

those stations north of lat. 46°N. except in coastal water and Adak Eay and 

excludes all winter data. As shmm previously the near-shore and tra11.sition 

waters ethibit chemical and biological features which indicate ec~logical areas 

somewhat distinct from the area in between.· The 1vinter data was also excluded 
' 

from the regression because productivity vas limited by insufficient light. 

Chlorophyll ~ concentrations south of lat. 46°N. showed no ap~arent relation to 

the ammmt of z0oplanktan preser~-:. C~lo:;.-olJhylJ in Ao:lak Be.y and cu>l.sta.l water~ 

was always significantly higher than that estimated from the regression exce~t 

in March in Ada.]{ Bay. All of the high chlorophyll values were near shore end 

associated with intermediate zooplankton quantities. The zoo~lankton value a.t 

the only near-shore station (Adak Bay) in March tvas the lowest observed. These 

data suggest that the zooplankton increase occurred later in the spring in coastal 

areas tha...'1 farther offshore, a condition which ,~auld have permitted the 

phytoplankton bloom to reach much higher le•reJ s near shore before being control~ed 

by grazing. 
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Annual Prima.,..y Produ~ti•-='n 

. The a.'mual pi'irnary production betw·een lat. 46° and 51°40'N. was 

estimated· :'rom values of PK, FR, and Pm. The data from all cruises <rere combined 

into a single co:r.posite year for the purpose of apportioning produc~ivity to 

time periods-. -2 -1 The lowest estimate was PK, equal to 72 g. C m. yr. , and Pm 

anci PR were smr:e•fhat hlgher (82 and 85 g. C m. -
2 

yr. -l). If the estima~e n~ 

primary productivity fro::n piosphate changes is correct·, rumual pr:~ductivity could 

-2 
be as high as 100 g. C m. These . estinates are considerably higher than those 

reported by McAllister (l969) but correspond more closely, although are also 

'some1vha.t higher, to those of Anderson (1961~) and Koblents-Mishke (1965). 

No reason is apparent from the ~uantitative data for the difference 

· between annual productivity at sta·:~ion "P" (48 g. C m. -
2 

day-l) a.'ld in the 

mid-Subarctic Re~ion. If zooplankton is the main factor limiting p::coducti vity, 

more zooplankton and less chloropr.yll should be expected at station "P" than 

south of the .Aleutians, but zooplankton was less and chlorophyll _!:: concentrations 

were about the same or slightly higher at station "P". More complete seasonal 

observations from the mid-Subarctic as well as a comparison of plankton conununities 

in the two locations will probably be necessary to explain the observed dif:'erences 

in annual productivity. 

Conclusions 

The conclusions summarized here must be considered tentative, beca~se 

the amount of data on which they are based is relatively small. Rather thi3.Il 

establis!:.ing attributes of the ecological system in the Subarctic Pacific with 

certainty, these conclusions may serve to help guide fut·n·e T..rork by pointing out 
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probable features and behavior of the system. With this note of caution, the 

important conclusions can be summarized· as follows: 

1. Annual primary production in the area studied is between abollt 

-2 
80 and 100 g~ C m. 

2. The annual cycle of productivity is typical for temperate oceans. 

Winter values a!'e low; an increase in the spring develops into more or less of 

a bloom which declines by summer to relatively steady ~ntermediate levels. 

Productivity in autumn and early ~orinter was not studied. 

3. Winter, productivity is limited by insufficient light penetrating 

the surface and by a deep surface mixed layer which further reduces the light 

available to the algae. 

4. During spring and stunmer, nutrients and light are plentif"u.l, but 

zoo:pla."lkton gra~'::' tbe standing stock of phyto!)lankton to relat i 7c:J.y lmi Levels--

thereby limiting productivity. 

5. The main mechanism of phosphate supply in the upper 50-m. of water 

during summer is in situ regeneration by zooplankton. Upwelling supplies less 

phosphate than regeneration in the SUF..lller, but increased turbulence in ~orinter 

maintains high levels of nutrients throughout the first 100-m. of depth. 

6. The seasonal cycle and factors limiting productivity are similar 

to those a~ station "P", but there exist some significant differences. 

Productivity in the study area is nearly hrice that at Station "P", end zooplankton 

biomass is also much greater. The difference in measured phosphate concentrations 

at Station "P" over t:1.e productive seasons equals, or just balances, that utilized 

by the algae, b~1t a copious supply is necessary to account for changes observed 

south of the Aleutia.11 Islands. 
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