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A.

Programs

During 1968 there were five oceanographic programs which contributed
data essential to a study of the oceanography of the eastern Subarctic Pacific.
(1) The physical-chemical study of the oceanic-coastal waters off the coast
of British Columbia, initiated in 1967, was continued. Two surveys were
undertaken. The first was a 2-week cruise in April. Station positions are
shown in Fig. 1. The second was a 3-week cruise in October. Station positions
are not shown, as the cruise was undertaken after the writing of this report.
Continuous profiles of temperature and salinity to a maximum depth of 1500 m
were obtained at relatively close intervals along lines normal to the coast.
Some observations of oxygen, nutrients (phosphate, silicate and nitrate),
chlorophyll ~ and zooplankton were made.
(2) The oceanographic programs at Ocean Station P (lat. 50 o N, long. 145°W)
and en route to and from the Station (Line p) during alternate six week periods
were continued. Observations were essentially the same as those in previous
years. In addition, continuous profiles of temperature and salinity with depth
were obtained. Automatic equipment for nutrient analyses was used for the first
time.
(3) Publication of the mean monthly values of sea level pressure, meridional
and zonal components of Ekman transport, meridional component of total transport,
integrated total and geostrophic transports for a grid of alternate five degrees
of latitude and longitude for the North Pacific Ocean was continued. In addition,
surface transport (Ekman transport) vectors were published for the period 1946-67.
(4) The Maritime Forces Weather Centre in Esquimalt, B. C. continued to publish
weekly charts of the sea surface temperature and the thermocline structure on the
basis of available temperature data.
(5) The program of daily seawater observations at 16 lighthouses along the
British Columbia coast was continued.
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B.

Research Results
(1)

Geostrophic circulation, autumn 1967

In the absence of direct-current observations, geostrophic currents
(calculated from values of temperature and salinity at known depths) continue
to be the best means for defining the ocean circulation. When presented as
contoured fields of anomalies of dynamic height (geopotential topography), the
flow is presumed to be along the isobars and the speed is proportional to the
gradient across them. Agreement between calculated velocities and those
obtained from direct-current observations depends on the choice of a suitable
reference surface. For this area fairly realistic current velocities are
obtained employing a reference level of 1000 decibars.
The geostrophic circulations at the surface and at 200 decibars ~~200
m depth) relative to 1000 decibars off the British Columbia coast for autumn
1967 were very similar, except for the obvious difference in current speeds (Fig.
2 and 3). The streamlines enter from the west and curve northward. The dominant
features are the numerous tongues (or intrusions) and eddies. The intrusion
along long. 128°W, extending northward to about lat. 49°N, is a characteristic
feature. The eastward intrusion off the north end of Vancouver Island extended
well onshore, restricting the northward flow from the region south of the
intrusion. It may have been the cause for the formation of the numerous cells,
and may have contributed to the southward flow adjacent to and over the
continental slope off Vancouver Island. Similarly, the southward intrusion off
the Queen Charlotte Islands may have been the cause of the relatively large eddy
seaward of the southern tip of the Islands. Such a mechanism has been suggested
by Ingraham l Jr. (1967) to explain the presence of eddies off the coast of

lIngraham, W. James, Jr. (1967). The geostrophic circulation and
distribution of water properties off the coast of Vancouver Island and Washington,
Spring and Fall 1963. U. S. Fish Wildl. Servo Fishery Bull., Vol. 66, No.2, p.
223-250.

Washington.
In general, the surface geostrophic currents were small, of the order of
5 cm/sec (2~ miles/day) (Fig. 2). Near and over the continental slope,
particularly in association with the peripheries of the tongues and eddies,
current speeds were approximately 15-20 cm/sec (7-9 miles/day). At 200 decibars
the speeds were approximately one-half those at the surface (Fig. 3).
The geostrophic currents described here are consistent with those
reported by other researchers for summer and autumn periods. Apparently the
circulation during these seasons is dominated by tongues and eddies. Their
number, position and intensity may vary annually. However, they appear to be
most prevalent and developed during those summer periods in which sea surface
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temperatures are anomalously high, as was the situation in 1967. Additional
surveys, with station spacing no greater than that presently employed (Fig. 1 and
2), are required to study the persistence of these features and to confirm these
conclusions.
(2)

Temperature distributions on the surface of bt
spring 1968

= 26.60,

autumn 1967 and

Temperature distributions on the surface of 6t = 26.60 have been used
to study the annual variability in the distribution and circulation of the nonseasonal waters off the coast of British Columbia. In such distributions it is
assumed that the flow is in general parallel to the isotherms, except where
sharp changes in direction occur, notably where the contours form a tongue. Here
it is assumed that the net flow is along the tongue with maximum mixing occurring
at the tip.
The temperature distributions on the surface of ~t = 26.60 for autumn
1967 and spring 1968 are presented in Fig. 4 and 5 respectively. The marked
similarity between the temperature distribution for autumn 1967 (Fig. 4) and the
geopotential topography at 200 decibars (Fig. 3) is readily apparent. The
location of the tongues and eddies in each figure are identical.
In autumn 1967 and spring 1968 the temperature distributions were very
similar as noted by the distribution of the 6.5°C isotherm (Fig. 4 and 5). It
is hypothesized that any major change in the distribution of these waters is a
result of changes in the ocean circulation, in particular, a shift in the
division of the West Wind Drift and/or a change in the strength of the northward
flow of the non-seasonal waters (California Undercurrent) off the coasts of
Washington and Oregon. Further, it is considered that the major changes should
occur during the winter months. The similarity in these distributions (Fig. 4
and 5) implies that there was little change in the circulation of the nonseasonal waters during winter 1967-68.
(3)

Surface salinities, autumn 1967

The surface salinity distribution for autumn, 1967 (Fig. 6) shows
features similar to those noted in the surface geopotential topography (Fig. 2),
in particular the eastward intrusion off the north end of Vancouver Island and
the southerly intrusion off the Queen Charlotte Islands. These distributions
are similar because winds were light during this period, and hence there was
little Ekman transport. In summer this transport is usually offshore as a result
of the prevailing northwest winds. Therefore, it is reasonable to assume that
the offshore extent of low-salinity water was relatively small during summer and
autumn 1967.
(4)

Surface nutrients (phosphate, silicate and nitrate), autumn 1967

Surface distributions of phosphate, silicate and nitrate for autumn
1967 show very similar patterns (Fig. 7-9). In each figure the highest
concentrations occurred in Dixon Entrance, Hecate Strait and in the eastern part
of Queen Charlotte Sound. In Hecate Strait the isopleths lay north and south

- 4 with concentrations increasing from east to west. Concentrations were relatively
high in the surface waters overlying the Continental Shelf. Lowest concentrations
were encountered in the offshore waters.
Surface phosphate concentrations ranged from 0.15-0.45 ~g at/t in the
oceanic region and from 0.25-0.75 in Queen Charlotte Sound, Hecate Strait and
Dixon Entrance (Fig. 7).
Surface silicate values ranged from less than 1 to 3 ~g at/t in the
oceanic region. In Queen Charlotte Sound concentrations were between 3 and 9 ~g
at/to In Hecate Strait and Dixon Entrance they were between 10 and 20 ~g at/t
(Fig. ~).
Surface nitrate concentrations were extremely low in the offshore waters,
less than 0.1 ~g at/to In the coastal areas concentrations ranged from 0.5 to
7.5 ~g at/t (Fig. 9).
These results suggest that nitrate was a limiting factor in
phytoplankton production in the waters seaward of the Continental Shelf. None
of the nutrients appeared to be a limiting factor in Queen Charlotte Sound,
Hecate Strait and Dixon Entrance. The relatively high surface concentrations in
these areas were probably a result of replenishment from the deeper waters
through tidal mixing.
(5)

Sea surface temperature and salinity, spring 196~

Sea surface temperature and salinity distributions are illustrated in
Fig. 10 and 11 respectively. The coldest waters were found offshore. The warmest
waters occurred as a tongue off the coast of Vancouver Island and as a small cell
adjacent to the coast. These sea surface temperatures are considered to be
indicative of average conditions for this time of year.
The surface salinity distribution (Fig. 11) reflects the winter
convergent situation which still prevails at this time of year. Low salinity
surface water is confined near the coast resulting in a relatively marked gradient
normal to the coast. The absence of very low-salinity water adjacent to the coast
indicates the lack of local runoff and the presence of vertical mixing.
(6)

Summary

During summer and autumn, the geostrophic circulation is dominated by
tongues and eddies. They appear to be most prevalent and developed during those
summer periods in which sea surface temperatures are anomalously high.
The temperature distributions of the non-seasonal waters for autumn,
1967 and spring 1968 were markedly similar, implying that there was little change
in the position of the West Wind Drift, and in the strength of the California
Undercurrent during winter 1967-68.
Surface phosphate, silicate and nitrate concentrations during autumn,
1967 were highest in Dixon Entrance, Hecate Strait and in Queen Charlotte Sound.
Lowest concentrations were encountered in the offshore waters. It appears that
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nitrate was a limiting factor in phytoplankton production in the waters seaward of
the Continental Shelf. However none of the nutrients appeared to be a limiting
factor in Queen Charlotte Sound, Hecate Strait and Dixon Entrance.
Sea surface temperatures were anomalously high during summer and early
autumn, 1967. By mid-April, 1968 average conditions had been reached.
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Fig. 1.

Station positions, 16-27 April, 1968
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Fig. 2.

Geopotential topography, 0/1000 decibars, autumn 1967
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Fig. 3.

Geopotentia1 topography, 200/1000 decibars, autumn 1967

Fig. 4.

Temperature (oC) on the surface of at = 26.60, autumn 1967.

Fig. 5.

Temperature (oC ) on the surface of at

26.60, spring 1968.

Fig. 6.

Surface salinity
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Fig. 7.

Surface phosphate (~g at/t), autumn 1967
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Fig. 8.

Surface silicate (~g at/~), autumn 1967
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Fig. 9.

Surface nitrate (~g at/t), autumn 1967
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Fig. 10. Surface temperature
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Fig. 11.

Surface salinity (~), spring 1968
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