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Introduction

For some time I have been developing and applying the hypothesis

that fish populations as weIl aszooplankton volumes in and around the Pacific

Sub-Arctic Gyre are strongly affected by the wind-driven circulation of the gyre.

The Atlantic Sub-Arctic is an area where the hypothesis can be tested.

Reid (1962) brought together the data on circulation, phosphate-

phosphorus content and zooplankton volumes in the upper part of the Pacific

Ocean. Horizontal divergence in the upper (Ekman) layer in cyclonic gyres

brings regenerated materials into the mixed 1ayer. Zooplankton concentrations

increase out from the centre of the gyre and downstream. Parsons and LeBrasseur

(1968) confirmed the concentration of zooplankton around the A1askan Gyre

(Fig. 1).

Anderson, Parsons and Stephens (1969) showed that there were higher

concentrations of nitrate near the centre of the Alaskan Gyre with decreasing

concentrations outward (Fig. 2). Reid (1962) refers to Bohnecke, Hentchel,

and Wattenberg's (1930) finding that the surface waters within the cyc10nic

gyre between Greenland and Ieeland were enriched with chemieals, and their
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proposal that it was caused by horizontal divergence within the gyre with

upward movement of the deeper, nutrient~richwater.

The requirement for indices of monthly and annual changes in .

vertical and horizontal advection has been met by continuing Fofonoff's (1962)

calcu1ations of transport from finite surface atmospheric pressure differences.

The requirement for nutrient indices on the Pacific coast has been met by

using shore station salinity records.

Examp1e From the Pacific Sub-Arctic

First, let us establish the relationship between salinity and

nutrients in the Sub-Arctic Pacific. During great-circ1e crossings of the

Pacific at about 500 N during Transpac 69, the correlation coefficients between

salinity and nitrate were 0.92,0.97 at 0 m; 0.94, 0 ..98 at50 m;0.85, 0.74

at 150 m: between salinity and silicate were 0.96, 0.99 at 0 m; 0.95, 0.99

at 50 m; 0.90, 0.53 at 150m: and between salinity and phosphate were 0.83,

0.76 at 0 m; 0.86, 0.86 at 50 m; 0.81, 0.71 at 150 m.

The correlation coefficients between salinity and phosphate taken

vertically in coasta1 waters and inlets on the west coast of Vancouver Island

are high. Data from Tu1ly (1937) show values of 0.92,0.76, 0.73, 0.95, 0.86,

0.85, 0.78, 0.81, 0.95, 0.90, 0.95 off Nootka and up Tahsis Inlet, and values

of 0.85, 0.57, 0.69, 0.76, 0.66,0.72 in Tlupana and Muchalat Inlets.

Second, let us look at a time series of nitrate values from Station

"P" near the centre of the Alaskan Gyre, and vertical transport calcu1ated

for a grid point close to the station (Fig. 3). Nitrate values integrated

from 175 m to 50 m taken from Anderson, Parsons and Stephens (1969) are less

affected by biological activity than surface values. The seasonal changes

are weIl illustrated.
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Figure 4 shows the plots of halib?t catches in Area 2 (Alaska to

Washington) and the annua1 mean sa1inity at Langara Island at the northwest

tip of the Queen Char10tte Is1ands, 10 years before the catches. Mean ages

in Area 2 were 9.9, 9.4, 9.9 for 1970, 1971, 1972 (Ann. Rpt. IPHC, 1972).

Fifty··six percent of the variance of catch is associated with

sa1inity (r = 0.75). Figure 5 shows catch and sa1inity 10 years before at

Station "P". Fifty'one percent of the variance is associated with this

sa1inity record (r = 0.71).

Advective Changes in the At1antic Sub-Arctic

Figure 6 shows Zlobin l s (1972) time-series of phosphates in the

Faroe-Shet1and Channe1 with month1y vertica1 transport at 600 N 200 w added.

Nutrients are greater at depth and the sudden increase at all levels in March

1967 coincided with a 1arge va1ue (12m/mo) for divergence upstream (Fig. 7).

The circ1e indicates 600 N 20 ow. This is the 1ocation of high va1ues

of vertica1 transport. It is also in the area where horizontal transport

can affect the proportion of upper 1ayer water which can be diverted to the

south across the underlying northeast flow or diverted across to the under1ying

Irminger Current which runs to the west. To the extent that heatis a

conservative property of the upper 1ayers, temperatures (see Lauzier, 1972)

to the west may change with nutrient changes of water masses to the west.

Maxima of winter phosphate in the Eng1ish Channe1 reported by

Russe11 et a1. (1971) (Wickett, unpub1.) have varied with the vertica1 and

horizontal ve10cities in the previous year (Fig. 8). Sixty·three percent

of the variance of phosphate va1ues is associated with transports. Horizontal

transport and vertica1 transport are c10sely associated in the same months
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at 600 N 20~, so the veetor a10ng 1450 was taken for the months of September

to Deeember whi1e the vertiea1 va1ues were taken for the 12 months preeeding

September.

It needs to be emphasized that the under1ying f10ws are not

eonsidered here. The upper 1ayer is regarded as reeeiving a ehanging nutrient

supp1y and this upper 1ayer is sUd aeross the deeper eurrents or defleeted

in another direetion.

Cod Catches in the West Greenland Area

Cod eatehes in ICNAF Area 1 (Fig. 9) are found to vary with the

Eng1ish Channel nutrient maxima if a 7-year lag is used (over1ay 9 on 8).

Sinee eod take 4 to 5 years to mature, it may not be too far from rea1ity

to suggest such a lag from the introduetion of nutrients to an area south

of Ieeland, the growth of phytoplankton and so on up the food'web to the

survival of young eod and then the harvesting of the adults (Fig. 10).

Population dynamies affeet the numbers of fish, but the West

Greenland eod may be onepopu1ation in which a high proportion (63%) of the

varianee is assoeiated with the environment.

In order to examine further the effeet of the blocking of flow to

the northeast of 600 N 20~, Ekman transport was integrated along 600 N from

the coast westward to 400 W longitude and examined in a full seeond degree

polynomial with vertieal velocities at 600 N 200 wto find its assoeiation with

eod eateh.

The integrated southward transp~rt is 'assoeiated with vertieal

veloeity for the same period. The MREGl program (Lindsey, 1971) eliminated

all eoeffieients exeept the first order integrated southward transport

which is highly significant(F = 12.515, d. f. 1,11) with 49% of the variance

of eatch associated with it (Fig. 11). (Y = 19.68 - O.3417X). (Tab1e 1).
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Since cur1 of the wind stress, which leads to geostrophic f1ow,

and wind stress are not necessari1y independent variables, it is not

surprising to see that Dinsmore and Moynihan's (1972) graphs of volume

transport in the Labrador Sea exhibit higher f10w in the 1950's with a

fa11ing off in the ear1y 1960's with a high va1ue in 1968 (Fig. 12). This

indication of changing vo1ume transport does not inva1idate the hypothesis

that changing concentration of nutrients in the euphotic 1ayer and the

shunting of that 1ayer across underlying flows can affect coastal regions

all around the Sub-Arctic Gyres.
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Table 1. ICNAF Area 1 cod catches.

Upwe11ing Int. Mer. Ekman
Year 60 0 N 20 0 W 60 0 N 40 0 W Cod

Sept· n_9' Aug· n-8 Sept. n_9' Aug· n-8 103 ton
I

1958 45 -32 32.0

1959 34 -28. 23.4

1960 39 -51 24.3

1961 16 -29 34.5

1962 37 -71 45.1

1963 32 -47 40.6

1964 26 -18 35.0

1965 41 -:-48 36.0

1966 32 -30 36.6

1967 46 -34 43.0

1968 25 +06 39.4

1969 45 -07 21.5

1970 30 -04 11.3

1971 15 0 12.1

1972 19 -10 11.1

1973 10 -04 6.3

1974 15 +49 4.7

1975 35 -61

1976 26 -39

1977 30 +32

1978 43 -55

1979 27 -22

1980 45 -51

1981 42

.... ..


