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FOREWARD

This report constitutes something more than a collation of the data
collected during the ships of opportunity feasibility study. Since very few
measurements of this kind were available previously, the study was also explora-
tory. In order to make the report more usable, we have chosen to present most
of the data graphically and have spent considerable time in analysis and dis-
cussion of the data. The discussions which are included here, while admittedly
simplistic, are an effort to facilitate use of the data and provoke thought ?
regarding mechanisms‘driving the coastal production processes. Even six cruises
do not provide sufficient amounts of data to describe much of the temporal and
spatial variability off this coast, and it will be necessary to merge several
intensive surveys to achieve this with no ambiguity. The discussion of satellite
imagery and lighthouse data acquired coincident with ship-of—opportunity cruises
was an attempt to do this.
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ABSTRACT

~ This report presents the oceanographic data collected during a study
carried out by Seakem Oceanography Ltd. to investigate the feasibility of
utilizing commercial ships-of-opportunity off the British Columbia coast. Con-
tinuous measurements of temperature, conductivity, in vivo fluorescence and
zooplankton particles at 3 m depth as well as discrete sampling for chlorophyll,
nitrate and phosphate concentrations, salinity, and phytoplankton and zooplank-
ton species determination, also at the same depth was conducted between Howe
Sound and Nootka Sound via the Strait of Juan de Fuca.

The data from six monthly cruises between May and October 1979 constitute
a Targe data set describing the temporal and spatial variability of the surface
waters of the Strait of Juan de Fuca and coastal area of southwest Vancouver
Island. These data demonstrate the importance of the nutrient export from the
Juan de Fuca system to the soutﬁern continental shelf and show that the high
phytoplankton standing crops in this area are generally situated at the outer
edge of the cool high nutrient waters exiting the strait along the Canadian shore.
Extensive migrations of the boundary of the Juan de Fuca water are also documented.
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1. DESCRIPTION OF PROJECT

This report summarizes the organization, methodologies and results of the
six cruises of a study designed to test the feasibility of using commercial ships
“of opportunity to gather oceanographic data along Canada's west coast. The project

was the result of an unsolicited proposal from Seakem Oceanography Ltd., Sidney,
British Columbia, to the Department of Supply and Services, Ottawa. The Scientific
Authority is R.0. Brinkhurst, Ocean Ecology, Institute of Ocean Sciences, 9860
West Saanich Road, Sidney, B.C., V8L 4B2.

The basic objectives of. the project, which began in October 1978, were:

1. to determine the usefulness of commercial ships of
opportunity off the British Columbia coast in the
context of a long-term project;

2. to begin collection of simultaneous data describing
the temporal and spatial variability of physical,
chemical and biological oceanographic conditions off
Canada's west coast;

3. to provide nearly-synoptic information describing the
near-surface oceanographic and meteorological phenomena
off the British Columbia coast.

The report consists of 8 sections, in which the tables and figures are
numbered consecutively. The first section which is a description of methods and
instrumentation is followed by six cruise reports including tabulated and graph-
jcally presented data for each cruise as well as pertinent discussion. These
are followed by a general discussion of the entire data set. Pertinent satellite
imagery is included where available.




1.1 THE VESSEL - MV RIVTOW VIKING

[

1.1.1 Description of MV Rivtow Viking

e

The vessel used during the field season is an all-steel construction
oceangoing tug, the MV Rivtow Viking. The Viking is 47 m long, of 578 gross ;
tonnage and is now registered at Vancouver. She carries a crew of 11 and is
exclusively employed by Rivtow Straits Ltd. to tow self-loading log barges {
between Howe Sound and the west coast of Vancouver Island. Figure 1 shows
the Viking and her barge in Burgoyne Bay near Saltspring Island prior to
her first cruise as a ship of opportunity.

!

Figure 1. MV Rivtow Viking and self-loading log barge

1.1.2 Route of Rivtow Viking

The Viking is occupied in towing a self-loading log barge between
the booming grounds of Nootka and Esperanza Inlets on the west coast of
Vancouver Island and the mills of Howe Sound, north of Vancouver. This cruise



is made once every week on the average although a number of factors such

as mechanical problems with the ship or barge or any disruptions in the
flow of Togs to or from the mills can alter the schedule. The one way trip
between Howe Sound and Nootka Sound takes approximately 36 hours at an
average speed of 8-10 knots. The Viking also makes occasional trips else-
. where, to the Queen Charlotte Islands for example. Maps bound with the
cruise reports illustrate her routes for each of the six cruises on which
oceanographic data were obtained (RV001 through RVO06).

Although the Viking's home port is Vancouver, she routinely operates
from the Howe Sound area - principally, Gambier Island, only returning to
Burrard Inlet for repairs, provisioning and crew change once per month. The
loaders (barge crane operators) do not remain on the ship but are transferred
from Vancouver to the ship in Howe Sound or Tahsis Inlet and back again by
float aircraft each time the barge loads or unloads. The seagoing ocean-
ographic technicians also travelled to and from the vessel in this manner.

1.1.3 Modifications to the Rivtow Viking - the Seawater Loop

Original plans called for use of the ship's own seawater system,
gither the main intake or one of the auxiliary systems. This did not prove
feasible however, since all of the seawater systems contain zinc anti-corrosion
electrodes and the main sea chest has an chlorinator. Such devices are
common on oceangoing ships and are designed to prevent fouling. It is known
that Tow concentrations of heavy metals affect growth of phytoplankton
(Bartlett et al., 1974 and others). In order to avoid the possibility that
in vivo chlorophyll a fluorescence would be affected in water from this sea-
water system and since an alternative water intake was available on the Viking,
the ship's seawater system was not used.
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The Viking had an unused pitot tube mounted on the ship's bottom
near the keel and 5 m from the bow. With Rivtow Straits permission we had
this tube cut off and the through-hull fitting re-opened, thus providing an
opening very near the forward hold where space was available for our
instrumentation and sample workup and where a nearby overboard discharge
also existed. A spare cabin with three bunks was close by for our use.
Figure 2 illustrates the relative location of the inlet and instrumentation.
The configuration of the new seawater loop installed by Rivtow Straits to
meet our requirements is shown schematically in Figure 3. The installation
cost was approximately $1,500 (1979).

—/

O O BRIDGE

SAMPLING MAIN DECK
DISCHARGE

COMPANIONWA—Y_)(___ o]
LOCKER

BUBBUETRAP

SAMPLING
PIPE CHAIN FOREPEAK
LOCKER

LOWER DECK

L INSTRUMENTS
D PUMP

1

1

1 AN
i
J:—COFFERDAM

Figure 2 Location of sampling inlet,
instrumentation and discharge




44{5

BUBBLETRAP DISCHARGE

T ol T - Pwe

\conoucnvrrv AND
TEMPERATURE CELL

POWER _ BAR
STRIP  CHART !
RECORDER |
PREAMPLIFIERS :
¢
1
!
FLOWMETER [
DIGITAL  PRINTER FILTRATION !
RACK |
|
FREQUENCY i
DATA  LOGGER COUNTER |
PULSE PROCESSOR TIMER | VACUUM PUMP ;
FLUOROMETER ;
PUMP |
th ;
ZOOPLANKTON "
SENSOR
C
!
‘
§
1
[
|
Figure 3 Configuration of seawater loop and |

instrumentation




1.2 TECHNICAL ASPECTS OF THE PROJECT
1.2.1 Logistics

Since the schedule of the ship was not regular, it was necessary to
establish its place and time of departure with the Rivtow Marine dispatcher
before each oceanographic cruise. Most of the instrumentation was left aboard
the ship and only crated sample bottles, a second bench-type fluorometer,
filteration equipment and personal gear were transported back and forth to
the laboratory. When the ship was operating from Vancouver the two technicians
and their gear were sent to the ship by truck. At other times they were sent
to or retrieved directly from the ship in Howe Sound by float-plane. This
was efficient since the laboratory was only a few hundred meters from the
float-plane jetty and no time was wasted on ferry transport between Sidney
and Vancouver, or North Vancouver and Langdale or on waiting for these ferries
during the summer tourist season. The average cost of transportation to and
from the ship for the first two cruises was $350 in 1979.

On the first cruise, the two technicians worked a three-hour on, three-
nour off routine, thus enabling passage from Howe Sound to the Tahsis area.
They had cabins on the Tower deck, well away from the rest of the ship's
company and operation during the night did not disturb the crew. They
could also sleep undisturbed while the ship is loading or unloading if they
so wished. Accommodation was provided free of charge by Rivtow Straits, and
meals cost the project $20 per man per day.

1.2.2 Parameters Measured

The following suite of observations was carried out on most cruises
(summarized in Table 1): continuous monitoring of water temperature, salinity,

e e ey g




PARAMETER

TABLE 1

SAMPLING METHODS

-7 -

Summary of Parameten Measured, with Notes on

Sampling Method and Data Analysis

ANALYSIS METHQD

DATA ANALYSIS

NOTES

TEMPERATURE

Near Surface
(approx. 3m)

Near surface

SALINITY
Near surface

Near surface

NUTRIENTS

Nitrite, Nitrate,
Phosphate

PHYTOPLANKTON
Chlorophyll a

DCMU Number

Phytoplankton

ZOOPLANKTON/NEKTON

Near Surface
(approx. 3m)

Near Surface

Continuous from
seawater intake

Manual from seawater
intake and/or bucket
over side

Continuous from
seawater intake

Manual from seawater
intake and/or bucket
over side

Manual from saawater
intake

Continuous from
seawater intake

Manual from seawater
inatake and/or bucket
over side

Manual from sea-
water intake

Discrete samples
from intake

Continuous from sea-
water intake

Discrete samples
from seawater
intake

Discrete samples
from seawater
intake

Thermosalinograph
on board

Crawford bucket

Thermosalinograph
on board

Salinometer ashore

Colourometric ashore

in vivo fluorometry
on board

Spectrophotometry

and fluorometry of
chlorophyll extracted
from filtered phyto-
plankton - shore based
laboratory

Ratto of in vivo
fluorescence before
and after addition of
the herbicide

For species fdenti-
fication

Continuous particle
counting using Tow
power electric oscil-
lation across seawater
intake

Microscopic axamina~
tion of zooplankton
samples gathered
synchronously with
several counting
cycles' of the elec-
tronic counting device

For species identi-
fication

Computer translation
of magnatic tape
records

Manual, computer
assisted

Computer transia-
tion of magnetic
tape records

Manual, computer
assisted

Manual, computer
assisted

Computer transla-
tion of magnetic
tape records

Manual, computer
assistad

Manual, computer
archived

Collection only-
no analysis

Computer transla-
tion of magnetic
tape records

Manual

Collection only- -
no analysis

For calibration and
checking of thermo-
salinograph

For calibration and
checking of thermo-
salinograph

For calculation of
in_vive fluorescence
techniques

Exploratory, recent pub-
lication claim number
proportional to produc-
tivity (Samuelsson and
Oquist, 1977)

uveposited with
Qcean Ecology,
Institute of Ocean
Sciences

For description of
analytical unit,
see Mackas (1977)

For calibration and
checking of the
efficiency of elec-
tronic counting device

Deposited with Ocean
Ecology, Institute of
Ocean Sciences

&
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in vivo chlorophyll a fluorescence and zooplankton concentration* on sea water
pumped from a through-hull fitting at 3 m depth; discrete samples from an
in-1ine sampling spigot and/or over-the-side bucket sampling for water temp-
erature, salinity, chlorophyll a concentration and dissolved nitrate, nitrite
and phosphate concentration. Water samples were also collected for phytop-
Tankton and zooplankton species abundance and composition and are deposited
with the Ocean Ecology Division, Institute of Ocean Sciences who will analyse
them at a later date. Zooplankton for species identification were collected
through the in-Tine system by diverting the flow through a plankton net built
into the zooplankton sensor.

1.3 Instrumentation and Methodology - Continuous and In-Line Discrete
Sampling

1,3.1 Seawater Loop

The pumping system instalied on board the Viking for this project
(ECO model A6-A6TA stainless steel pump with Teflon impeller and bearings)
was capable of delivering 45 L/min at 50 psi. [In'operation it delivered
water from a depth of approximately 3 m, through a flush through-hull
opening of 2.5 cm (1 inch) diameter) A 2 cm (3/4 inch) inside diameter pipe
approximately 7 m long delivered water to the pump, which was mounted before
the bubble traps and sampling gear. Immediately downstream from the pump
the fiow was split with one 1ine going directly to the overboard discharge,
and the other through an in-1ine floating ball type flowmeter to the mon-
itoring equipment. A valve in the line to the discharge permitted adjustment
of the flow through the equipment.

The 1ine from the flowmeter went first to the thermosalinograph and
its associated bubble-trap, then to the zooplankton sensor and its bubble-
trap, through the fluorometer and then into the discharge line. A spigot

* via an electronic particle counter developed by C.M. Boyd, University
of Dalhousie, Halifax, N.S. in conjunction with the National Research
Council.




between the zooplankton sensor and the fluorometer allowed in-line discrete
samples to be drawn easily.

1.3.2 Thermosalinograph

An Applied Microsystems Model #780-9 conductivity and temperature
cell (thermosalinograph) was incorporated into the outflow side of a PVC
bubble trap located between the pump and the zooplankton sensor. This cell
is modelled after the conductivity/temperature sensor designed by the Frozen
Sea Research Group at the Institute of Ocean Sciences, Patricia Bay. The
ascribed advantages to this design include the ability to have the sensor
remote from its electronics and increased stability of the cell constant in
spite of biological activity, dimensional changes, or corrosion in the
vicinity of the electrodes. A glass bead thermister protruding into a
flowthrough well is used in a conventional wheatstone bridge arrangement to
determine temperature. The associated electronics are contained within the
Applied Microsystems data logger (Mode1'750).

1.3.3 The Zooplankton Sensor

The zooplankton sensor used here was first developed by NRC and Carl
Boyd, Dalhousie University, Halifax (Boyd and Johnson, 1968) and his co-
workers (Mackas, 1977). It is now manufactured by Surfline Engineering of
Halifax for approximately $6,000. It is basically a particle counter which
acts through resistive modulation of a Tow power electric oscillation passed
across a portion of the sea water line. As a particle passes through one of
the 4 parallel sensor tubes (each 3 mm in diameter) in the seawater line, the
resistance across the tube increases momentarily. Four annular electrodes
around each sensing tube provide the means by which a constant 50 kHz carrier
signal is applied and by which the oscillating signal is measured. The
temporary increase in the ampTitude of the signal received from the sensor
which results from passage of a particle through the tube is rectified,
filtered and amplified to give a raw signal with peak height proportional
to particle size. It is possible to discriminate size classes but the
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electronics utilized here are not configured to provide this discrimination
in the final output signal. Instead, all particles above a threshold size
are accumulated over an adjustable integration period.

The particular sensor used in this project was not calibrated, and
the data collected are all relative. Other instruments of which this is
essentially a copy, are accurate to better than 5% when calibrated against
discrete samples taken from the seawater line. Because the sensor tubes are
of small diameter, large particles are not sampled even though they will
usually pass through the system. Large gelatinous plankters will break apart
and the resulting fragments will be counted as a spurious burst of counts.
The experience of Boyd and Mackas indicates that this is not a problem.

1.3.4 The Fluorometer

A rack mounted Turner Designs model 10-000R fluorometer was utilized
in flow-through mode to continuously monitor in vivo chlorophyll fluorescence.
A model 10-045 'blue’ lamp, in conjunction with a Corning 5-60 filter,
provided excitation energy and a R446 infra-red sensitive photomultiplier,
in conjunction with a Corning 2-64 filter was used for recording emission
energy. The output analogue signal was sent to both the chart recorder and
the data logger where it was recorded on magnetic tape. The analogue range
indicator was also recorded on magnetic tape.

1.3.5 Chart Recorder

A1l four continuously monitored parameters were recorded on a four
channel strip chart along with 1 minute interval time marks. Ideally this
would have allowed the technicians to monitor conditions and adjust the
sampling routine for the discrete samples if abrupt changes are observed
in the continuously monitored data however, the location of the instrumentation



- 11 -

on the ship was very uncomfortable and was generally only visited at % hour
intervals. The recorder was a Gould model 2007-4424. Each ana]ogue-signa1
is routed through a pre-amplifier prior to reaching the recorder amplifier,
which allowed selection of magnitude and polarity of zero suppression capabi-
lities, variable f}equency noise filters and full scale deflection voltage.

1.3.6 Data Logger

Data from the fluorometer and the temperature, conductivity and
zooplankton sensors were automatically recorded onto %" magnetic tapes
using an Applied Microsystems Model 750 Data Logger. In operation this logger
derived timing intervals from an internal quartz clock and a mu]tiple position
switch on the front panel. At chosen integration times between 1.75 seconds
and 7.47 minutes, the analogue signals are digitized and, along with the
accumulated zooplankton pulse count and a time signal, are serially
recorded on two magnetic audio tape tracks in a non-critical binary code.
Data tapes are translated using an Applied Microsystems Model 769 Tape
Reader. An Applied Microsystems Digi Print 701 was directly linked to the
logger to provide real time digital printouts of all the data channels.

1.4 Bucket Sampling

On cruise RVOO1l and RV002, surface water temperature were determined
on water drawn from the sea surface by bucket over the ship's side. The
thermometer used was a mercury in glass ASTM 90C type with 0.1° graduations
from 0 to 35°C. It was suspended by foam plugs in a bucket made of PVC 7.5
cm in diameter which was wrapped in 1 cm foam as insulation and as some
protection against banging against the ship's side. The bottom of the tube
was closed and water was caught in a cavity of about 150 ml capacity around
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the thermometer bulb. This thermometer bucket was lowered over the port side :
of the ship, amid-ship and well clear of any discharges. One rinse was made ?
and the temperature of the second sample read after two or three minutes |
equilibration. Thermometers of this type are accurate to 0.1°.

Discrete samples for surface salinity, chlorophyll a and/or other
parameters were drawn from a second bucket also constructed of rigid PVC
tube (dimensions 10 cm diameter x 75 cm long) with an approximate volume of
3 L. In practice this bucket was cast forward from the same position clear
of discharges and could easily be retrieved even at speeds of 8-10 knots
because of its narrow mouth. A thorough rinse was made and after retrieval
of the second cast, the bucket was attached by its line to a nearby bulkhead
hook. Samples were drawn through a spigot on the bottom end of the tube.
Usually these samples were drawn from two to four minutes after the cast,
allowing the single technician on-duty to obtain in-l1ine samples as closely
spaced in time as possible. Bucket sampling was discontinued after cruise
RV002 because of the lack of a safe sampling platform. The only available
locations from which to sample were awash in seas greater than 1 m. |

1.5 Analytical Methods

1.5.1 Salinity

Discrete salinity samples drawn from the in-line sampling spigot
and/or trom surface bucket samples were determined in the laboratory with
a Guildline Autosal or a Hytech Model 621 inductive bench salinometer period-
ically checked against a Guildline Autosal Salinometer. One replicability
test (n=10) indicated a standard deviation of 0.03 ppt in sampling and analysis,
however see later in section 3 for a discussion of the quality of the salinity
data.

1.5.2 Chlorophyll a/Phaeopigment

Discrete samples of sea water (100 ml minimum volume) were filtered
on board the ship through 25 mm GFC glass fibre filters at less than 150 mm
HG vacuum. A few drops of MgCO3 suspension was added as the last 20 ml
are filtered. The filters were folded face inwards, blotted dry on paper
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towels and wrapped in wax paper and tin foil, labelled and stored in the
ship's freezer at - 17°C. At the end of the cruise they were returned to the
laboratory in a cooler if the trip was to be by truck, otherwise they were
stored in the same boxes as the frozen nutrient solutions. They were kept

in the laboratory freezer for approximately a week before analysis using a
Turner Model 111 fluorometer with R446 red sensitive photomultiplier and
'blue' Tamp.

Analysis techniques were basically the same as Strickland and Parsons
(1972) except that a Corning C/S 2-A filter is used in conjunction with the
primary filter (Corning C/S 2-64) to more specifically excite chlorophyll a
(Saijo and Nishizawa, 1969). The resulting increase in acid ratio allows
greater precision in chlorophyll determination.

1.5.3 DCMU Ratio

In an effort to eliminate some of the physiological variability of
chlorophyll fluorescence the herbicide 3- [3,4 dichlorophenyl]-1,1-dimethyl urea
(DCMU) was employed in conjunction with in vivo fluorescence measurements using
a Turner model 111 bench fluorometer. At most stations the in vivo fluorescence
of a 5 ml sample was recorded before and after addition of 2 drops of 0.4 mM

DCMU. DCMU acts by blocking the electron transport systém of the .phytoptarktaon,

thereby causing a diversion of energy from excited chlorophyll to in vivo
fluorescence enhancing it by up to 4 times or more (Govindjee et al., 1973).

The DCMU ratio (in vivo fluorescence divided by DCMU enhanced fluorescence) has
been reported to be roughly proportional to carbon uptake (Samuelsson and Oquist,
1977).

1.5.4 Dissolved Nitrate/Nitrite

Dissolved nitrate and nitrite were measured on unfiltered 65 ml samples
drawn from the in-line sampling spigot and frozen to -17°C in glass culture
tubes. Analysis of nitrite was by the technique outlined by Grasshoff (1967).
Nitrate analysis was by the same technique after the nitrate had been reduced

P ——
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ﬁ)&lefa of nitrate was similar to that described by Grass-

mium wire column replaced the column of cadmium
1 of sample were required for reduction (Gardner,
Standardizations were performed using standard
ints exhibiting rz value of .98 or more. Where
.y for a sample was less than the reagent blank
_ reported. ATl nitrate values reported are
corrected for nitrite concentration according to Strickland and Parsons (1972).
Where nitrate values are lower than calculated nitrite they were reported as
0.00.

1.5.5 Dissolved Reactive Phosphate

Dissolved orthophosphate concentrations were measured on unfiltered
65 ml sampies as per Grasshoff (1974). Standardizations were performed using
standard curves with at least 5 points having an r2 value greater than .98.

1.6 Data Processing

Data processing for this project was done using a Seakem in-house
computing system which is a S-100 microcomputer based on a North Star Horizon
CPU with 48K of memory.

A sequence of programs was written to create and modify a database file
on diskette for each cruise. The raw data (optical densities, fluorometer
readings) were entered and the processed data collected for each station and
grouped together in a single record along with all of the other computed
parameters for each station. Station records were stored sequentially in the
data file. This data file was then used to create plots of any variable
against any other, regression analyses of any two variables or multiple
correlation calculations.

The data on magnetic tape were transferred to the computer via an Applied

Microsystems tape translator and interpreted by a program which then wrote them

1= e
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onto diskette. Subsequent programs allowed the operator to remove erroneous
points from the data file, plot the data and convert the data logger numbers
to calibrated values.

1.7 Data Presentation

The tabulated data which are included in Sections 2.1 through 2.6 are
from discrete samples taken from the in-line spigot (drawing from 3 m) or
from surface bucket samples with the exception of in vivo fluorescence, sensor
in-line temperature and sensor in-l1ine salinity. A1l three sensor outputs were
taken from the digital printer output at the time of the in-line sampling.
Sensor temperature and salinity are calculated based on laboratory calibrations
and sigma-t calculated from these two parameters. Abbreviations and units of
the data listed are given in tables preceeding the data. Following the present-
ation of the continuous data each of the variables is plotted versus distance
along the cruise track to facilitate comparison of conditions during each
transit.

Calibrated output from the thermoconductivity sensor and raw digitized
voltage outputs from the zooplankton sensor and fluorometer are also illustrated
for each cruise. Although the complete continuous data set exists on diskette
for all cruises except RV006 at time intervals of approximately 1 minute (56.26
seconds) all examples of continuous data have been plotted using only alternate
points in order to facilitate formatting to page size. Time, station numbers-
and key place names have been added to facilitate comparison with the discrete
data and to assist in orientation.

1.8 Coincident Remote Sensing Information
1.8.1 Airborne Chlorophyll and Temperature Surveys

Four airborne remote sensing missions were conducted in association with
the ship-of-opportunity cruises RV0O03, 4, 5 and 6 under the terms of a separate

contract (Dept. Supply and Services, Ottawa Contract Serial No. 1SB79-00097
resulting from an unsolicited proposal). The objectives of the project were to
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demonstrate the usefulness of airborne remote sensing in conjunction with the
ship-of-opportunity cruises and to extend the ship data horizontally, thus
providing more extensive coverage. Dr. J.F.R. Gower acted as the scientific
authority for this project.

Sea surface temperature and chlorophyll a concentration were measured
along survey grids over Juan de Fuca Strait and along the west coast of
Vancouver Island using an infra-red radiation thermometer and the Institute
of Ocean Sciences colour spectrometer. The instruments and techniques provide
measurements that are accurate to j,SOC and +1 mg chlorophyl] g’_/m3 respectively
where sea truth is available. Descriptions of this project including a short
discussion of water colour theory and graphical presentation of the data have
been reported separately (Borstad and Brown, 1979; Brown and Borstad, 1980).
Figure 4 illustrates the distribution of surface chlorophyll a for August 11,
1979 in conjunction with cruise RV004 as determined by airborne measurements.

1.8.2 Available Satellite Imagery

As part of other activities at the Institute of Ocean Sciences, Dr.
J.F.R. Gower and Dr. S. Tabata were receiving thermal infra-red imagery from
the NOAA, NROS and NIMBUS satellites for British Columbia waters, both in the
form of photographic prints and digital data on magnetic tapes. Where possible,
those available for the period April to October 1979 have been included here,
and discussed briefly.
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2. CRUISE REPORTS

2.1 Cruise RVOO1: April 29 - May 3, 1979

2.1.1 Logistical Summary

The first cruise took place at the end of Aprii. A locally chartered
boat was used to ferry the two technicians and the instrumentation to the
Rivtow Viking which was loading in Burgoyne Bay on Saltspring Island. On
April 25th mechanical problems with one of the barge cranes forced the ship
to return to Vancouver for repairs, and the two day delay conveniently allowed
setup and plumbing of the instrumentation. The ship returned to Burgoyne Bay
and left there at midnight April 29th with logs for the Gold River pulpmill.
Transit to Gold River took approximately thirty-six hours, with the return
trip from Zeballos to Howe Sound being made May 1st and 2nd (see Figure 5).
The technicians and their gear returned to Vancouver airport from Howe Sound
via the aircraft chartered by Rivtow to ferry the barge crane operators to
and from the ship. The jourrey from Vancouver to Sidney was by car.

Continuous measurements of temperature, conductivity, in vivo chloro-
phyi1l a fluorescence and zooplankton particles were recorded at 57 second
intervals on both outward and in-bound trips. While the sea permitted,
bucket and/or in-line calibration samples for these parameters plus nitrate,
nitrite, phosphate and phytoplankton were collected. On the return trip a
three hour watch system was instituted allowing a more regular discrete sam-
pling regime. Chlorophyll analyses were done at sea on this cruise.

2.1.2 Equipment Malfunctions

A Tow frequency modulation was superimposed on the data recorded on
magnetic tape for this cruise because of improper drive belts and a loose
capstan on the data logger. As a result individual sweeps were dropped from
the record or recorded spuriously. The entire tape has been edited and these
points reassigned the value recorded for the immediately preceding sweep.

~

The reconstructed continuous data is presented in Figures 6 and 7.
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As discussed fully in part II of this report, the data from the conducti-
vity sensor are of variable quality. During the first half of RV0Ol (Figure 6)
the calibrated continuous salinities are of little use because of a constant
drift which appears to have stabilized by the time of the return passage (see
Figure 11).

2.1.3 Data Summary and Discussion

Figures 6, 7 and 8 show that the surface waters of Juan de Fuca Strait
were cool, near 8°C and almost 2°C cooler than waters off the outer coast. There
was no distinct thermal boundary between the two areas, but a sharp (1 ppt)
salinity front was encountered just south of Carmanah Point (between stations
1.4 and 1.5, and 1.36 and 1.35 (Figures 6,7,9) separating Juan de Fuca water
of 32 ppt or more from coastal water of near 31.5 ppt. Salinities increased
towards the north from stations 1.5 and 1.33 near Carmanah Point. The much warmer
and brackish waters of Nootka Sound and Esperanza Inlet are in evidence at the
extreme northern end of the continuous data (last part of Figure 6 northbound
cruise data and first part of Figure 7 - the southbound cruise data).

Discrete samples show that both nitrate and phosphate concentrations
(Figures 14 and 16) were highest in the saline waters of eastern Juan de Fuca
and decreased to low levels in the warmer less saline waters north along the coast.
A1l three nutrients (NO3, NOZ’ PO4) were highly correlated with each other (see
Table 8 and Figure 18) and with temperature (Figures 15 and 17). If the Juan
de Fuca stations which show higher N/P ratios are excluded the correlation
between nitrate and phosphate concentrations is even higher.

ETevated chlorophyll a concentrations (Figure 20) were encountered over
a large portion of the study area from station 1.39 in conjunction with a
small salinity depression near the outer edge of the Juan de Fuca water to
station 1.19 north of Lennard Island. The highest chlorophyll a concentrations
were encountered in patches along the outer coast (stations 1.7, 1.19 and 1.20,
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1.26 to 1.28 and 1.36), however the highest in vivo fluorescence* was recorded at
station 1.6, just north of Carmanah Point (Figure 19). The continuous data in
Figure 6 show a strong discontinuity in both fluorescence and zooplankton counts
just north of station 1.6 that does not correspond to the salinity change between '
1.4 and 1.5. To the north of this discontinuity in vivo fluorescence declines :
slowly. As Figures 21 and 22 illustrate, fluorescence yields (in vivo fluor- :
escence - digital fluorometer output/mg chlorophyll g_m'3) were significantly
higher at stations 1.6 to 1.10 off Cape Beale and at 1.4 (Experanza Inlet).
Stations 1.31, 1.36 to 1.38, 1.40 (mostly Juan de Fuca on the return cruise)
exhibited lowest fluorescence yields. Those stations with the highest yields
correspond to the region of rapidly changing nutrient concentrations marking the
outer edge of the Juan de Fuca water. No data is available concerning the species
composition or physiological condition of the phytoplankton, although samples

were collected for species identification and are deposited with Ocean Ecology,
Institute of Ocean Sciences. Based on the explanation of the biochemistry of

in vivo fluorescence offered by Govindjee et al. (1973) and the laboratory studies
of fluorescence yields by Slovacek and Hannon (1977), those populations showing

lowest fluorescence/unit chlorophyll could be considered to be growing rapidly,
while those exhibiting higher fluorescence yields were suffering stress (perhaps
nutrient Timitation). Since the TS characteristics (Figure 12) of the water did
not change much between the north and southbound passage it is possible the data
represent different stages in the growth of the same phytoplankton population.
There is no way of knowing what the chlorophyll concentrations earlier in the year
were and therefore whether this represents a 'spring bloom' or not.

Twelve surface bucket chlorophyll samples collected 2 to 3 minutes after
the in-1line collections are available from this cruise for comparison to in-line
samples. Except where the ship was passing through regions of rapidly changing

* in vivo fluorescence data for cruises RV0O1l and RV002 are about 18x Tower
than those from cruises RVOO3 through RV006 because of an adjustment to
the flucrometer sensitivity made after cruise RV00Z.
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chlorophyll concentration (Stations 1.6, 1.7 and 1.8), the two methods agree well
(Figure 24) indicating little stratification between the surface and 3 m depth.
Correlation coefficient was .98 if these three stations are excluded.
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Table 2:

STN #

CDATE
JDATE
TIME

LATITUDE and _

LONGITUDE

DIS

SEN T

SEN SAL

DIS SAL
SIG

NO2

NO3

P04

CHL
PHAEQ
%CHL
SEN FL

FL YLD
Z00#

DCMU#
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Abbreviations and Units of Tabulated Data

cruise number followed by station number as a two
digit decimal

calender date

julian date

twenty-four hour time of in-line sample

approximate latitude and longitude calculated from
speed made good between fixes of several lighthouses
along the coast. These are made by the first officer

using radar and visual sightings of the lights as
the ship passes.

distance in km from Squamish in Howe Sound (+ indicates
outward bound cruise, - indicates inward cruise).

temperature, degrees Centigrade calculated from sensor
output at time of sampling

salinity calculated from sensor output at time of
sampling

in-line salinity measured on discrete sampling

sigma-t where both temperature and salinity data exist
nitrite concentration pug at/e

nitrate concentration yg at/¢ (minus nitrite)
dissolved inorganic phosphate g at/g

extracted chlorophyll a concentration mg/m3

extracted phaeopigment concentration mg/m

(CHL/CHL + PHAEQ) x 100

in vivo fluorescence as reported by the digital printer
where printer number equals fluorometer output voltage/
5V x 1024

in vivo fluorescence/mg chlorophyll _a_/m3

zoop1ankton/m3 where samples taken. For calibration of
sensor only

digiprint value of in vivo fluorescence divided by digi-
print value after DCMU addition.
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Date

April 29/79

April 30/79

May 1/79

May 2/79
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TABLE 7 Extract from ship's log- RV0O1
Time Location (lat., long.) Seastate
1040 48 19.4'N, 123023 0'W calm
1250 48 18.1'N, 123 50'W choppy
1513 48° 024.5'N, 124 14.7'W Tight chop
1655 48929.1'N, 124°34.6'W Tight chop, Tow
o S.W. swell
1820 48933.0'N, 124°48.5'W choppy, low
S.W. swell
1918 48° 035.6'N, 124 58.7'W medium chop
2008 48°37.0'N, 125°5.0'W choppy
2055 48° 028.6'N, 125310 6'W choppy
2155 48°41.2'N, 125°17.4'W medium S.W.
o o swell
2302 48°45.0'N, 125725.6'W medium S.W.
swell
0425 4983 0'N, 126 18.0'W heavy S.W. swell
0526 49:.7.0'N, 126 27 0'W heavy S.W. swell
0603 49%.4'N, 126° 31.5'0 heavy S.W. swell
1808 49%49.2'n, 127%.0'W medium S.W. swell,
1932 49°32.5'N, 126%57.0" chopeY
_ . s 57.0'W Tow S.W. swell,
o o medium chop
2105 49°22.6'N, 126°50.0'W swell, with fol-
Towing sea
2200 49 15.6'N, 126045 0'W following swell
2300 49011 3'N, 126735.0'W Tow swell
2400 49°6.8'N, 126%24.6'W
0100 49 2.3'N, 126° 15.1'W Tow S.W. swell
0202 48 59.3'N, 126,9.0'N Tow S.W. swell
0230 48 57.0'N, 126 4 7'W Tow S.W. swell
0300 48955.2'N, 125 58.7'w Tow S.W. swell
0358 48950.8'N, 125 48.1'w slight swell
0430 48849.6'N, 125 45.o'w slight swell
0500 48 47.2'N, 125 39.2'N slight swell
0530 48° 044.9'N, 125032.2'w slight swell
0600 48° 043.1'N, 125 27.4"W rolling swell
0634 48° 412N, 125 21.7'W low S.W. swell
0700 48° 040.0'N, 125 17.1'W Tow S.W. swell
0730 48° 538.6'N, 125 10.0'W Tow S.W. swell
0800 48° 0 36.6'N, 125° 05.0'W Tow S.W. swell
0832 43°34.5'N, 125°%00'W Tow S.W. swell
0900 48°32.7'N, 124955.0'W Tow S.W. swell

Sk

Hi-overcast
overcast
overcast- foggj
overcast |

overcast i

grey and
cloudy
darkening
cloudy

cloudy

overcast
cToudy
overcast

high cloud 1

dark
dark

clear

clear

clear

clear

clear
clear, dark
clear, dark
clear, dark
clear
cloudy
cloudy
cloudy
cloudy
overcast,
cloudy
pvercast



Date

May 2/79
(continued)

TABLE 7 cont'd

- 31 -

Time Location (lat., long.)
0935 48830.7'N, 124849.9'w
1000 48027.3'N, 124740.5'W
1030 48725.6'N, 124735.5'W
1100 48923.6'N, 124030.7'W
1130 48222.0'N, 12425.7'W
1200 48920.4'N, 124221.0'W
1410 48°17.2'N, 124°7.0'W

1747 48°16.0'N, 123°29.0'W

Seastate

Tow swell
gentle swell
gentle swell
gentle swell
Tong swell
gentle swell
light chop

caim

sky

clear

hazy

hazy

hazy

high cloud
high cloud
mostly cloudy
(80%)

clear




Figure 8.

Figure 9.

Sensor temperature (OC) vs distance along cruise
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2.2 Cruise RV00Z2: May 25 - May 29, 1979

2.2.1 Logistical Summary

The second cruise took place from the 25th to the 29th of May coinciding
in part with the May Ocean Ecology cruise. Logistics for this cruise were some-
what different than for the first in that the departure time for the ship was
unknown until six hours before. The technicians and their gear were sent to
Howe Sound by a Tocally chartered float plane. The ship left almost immediate-
1y, proceeding to Tahsis with an empty barge. The turn-around time in Tahsis
InTet was also short and the ship was back in Burrard Inlet for crew change
and provisions within four days (see cruise track in Figure 25). The techni-
cians and gear were returned from Vancouver by truck.

Gale force winds and high seas curtailed surface bucket samples on
the outward trip on the 25th and 26th. In spite of the weather, 41 sets of
in-1ine samples (salinity, nitrate/nitrite, phosphate, chlorophyll and phyto-
plankton) were collected as well as continuous data for temperature, salinity
and fluorescence. Twenty-one full sets (temperature, salinity and chlorophyll)
of surface bucket samples and eleven partial sets (temperature and chlorophyll
only) were obtained for comparison with the in-line samples. One set of three
replicates for nitrate and phosphate were also taken from the in-line spigot
in rapid succession as the ship travelled the southern (inbound) traffin Tane
in the Strait of Juan de Fuca. At twenty-seven 'stations' the change of in
vivo chlorophyll a fluorescence with DCMU addition was observed. Chlorophyll
extractions and analyses were not done on board this cruise because of the
disagreeable actone fumes in the enclosed space.

2.2.2 Equipment Malfunctions

Failure of the time base recycler did not allow operation of the zoo-
plankton sensor on this trip. Repairs were attempted at sea but these were
unsuccessful. The Tow frequency modulation of the signal on the magnetic tape
continued to be a problem on the tape from RV002, but to a much lesser degree.
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The data presented here in Figures 26 and 27 have been edited to remove spurious
points resulting from the low frequency modulation. Continuous conductivity
data for the first half of this cruise are of no value because of a sensor
malfunction unexplained at the time of preparation of this report. Figure 31
illustrates the difference between discrete and sensor salinity at each station.
While there appears to have been a drift in the output of the conductivity
sensor during the northbound transit, this had stabilized by station 2.16 on
the southbound passage. The suggestion that inadequate flushing of the sam-
pling could be responsible for these differences can be discoUnted by good
agreement shown in Figure 29 between the position of gradients on northbound
and southbound cruises.

2.2.3 Data Summary and Discussion

Both continuous monitoring and discrete sampling began at 0300 hrs off
Race Rocks. At station 2-1 the surface waters wére cold (near 9°C) and of Tow
salinity and Tow density (Figures 26, 27, 28, 29, 33). Dissolved nitrate and
phosphate concentrations at the first station (Figures 34 and 36) were high
but declined to the west with increasing temperature and salinity. There
were strong correlations between nitrate and phosphate concentrations and
temperature (Figures 35, 37 and Table 13).

As was the case in early May during cruise RV0O01, the surface waters
of the Strait of Juan de Fuca during the northbound cruise were nearly 2%
colder than those offshore. Figures 26, 27 and 28 illustrate this and also
indicate the narrowing of the transition between the two Water masses which
occurred to the south of Cape Beale between stations 2.6 and 2.8. Both the
position and magnitude of this temperature front changed between transits of
the area almost certainly because of the presence of warm, less saline and
therefore low density water at stations 2.7 and 2.8. This water, which
possessed relatively more nitrate than other waters of comparable temperature
(Figure 35) and therefore different N/P ratios (Figure 38) contained little
phytop]énkton.

T IR Sy QT e A it m
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A strong bloom was encountered just east of the thermal boundary marking
the outer extent of the Juan de Fuca water. We interpret the presence of this
and other phytoplankton production in this area as being due to the export of
dissolved nutrients from the turbulent regions of eastern Juan de Fuca. The
high nutrient concentrations present in Juan de Fuca surface waters result
from intensive mixing known to occur around the San Juan Islands and in the
extreme eastern part of the strait (Herlinveaux and Tu]]y,.1961). As this cold,
nutrient laden surface water moves westward the nutrient input from the deep
waters will be removed west of the Victoria-Port Angeles sill, and phytoplankton
growth will lower the nutrient concentrations present. Note that in the cruise
RV002 data the outer edge of the patch of high chlorophyll corresponds precisely
with the transition to warmer, impoverished coastal waters (Figures 26, 27, 28,
34, 36 and 40).

While the continuous fluorescence data indicates the exact dimensions of
this patch, the fluorescence yield changed rather markedly over the cruise tract
(Figures 41, 42), making estimates of phytoplankton abundance from fluorescence
alone very poor. The highest fluorescence yields were in the warmer, impoverished
waters along the outer coast. These waters also exhibited generally higher DCMU
ratios than did those areas in Juan de Fuca, although there is a considerable
amount of scatter (Figure 43). The highest correlations for DCMU ratio were with
nitrate (-.5), nitrite (-.40) and phosphate (-.46) and with temperature (.40).*

No productivity data are available with which to test Samuelsson and Oquist's (1977)‘
report that the DCMU ratio is roughly proportional to carbon uptake, but this is
contrary to what might be expected considering the distribution of chlorophyll
and nutrient concentrations seen here.

DCMU ratio was not included in the multiple correlation table in each cruise
summary primarily because of space and computer memory limitations. A1l DCMU
correlations were Tow.

TR
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2.2.4 Comparison of In-Line Samples with Surface Samples

Over-the-side bucket salinity agreed well with in-line salinity (r = .95,
n = 13) except in Juan de Fuca which was an area of rapid change, and off Estevan §
Point where stations 2.15, 2.16, 2.17 and 2.18 exhibited relatively higher bucket ?
salinity (Figure 44). These stations were sampled by a single technician and may |
be due to a time delay between surface and in-line sampling.

The in-Tine and surface chlorophyll samples also agree except where the
ship is traversing an area of rapid change such as between stations 2.28 to 2.34
and 2.39 to 2.40 (Figure 45). For 13 pairs of samples r = .90. Since bucket
samples were taken from 1 to 2 minutes after the in-line samples this is to be
expected. '

2.2.5 Replicability Sampling
\
Replicate sampling (n = 3) for nitrite, nitrate and phosphate showed
standard deviations of 0.017, 0.103 and 0.035 ug at/L for the combined operations
of sampiing and analysis.




- 46 -

e E&

i%gl
A )

l27’° w

N
Eeporen: Inker
r SLAb
‘ ESTEVAN
ke POINT V"
v o } v:k\_\
3 8 T
W 2s =
i .g}ﬂ. A7
“*w v LENNARD
T ! ISLAND
1-u‘}\- \,V\ /) )
'._ ~ 222 '">.f/
—®-Tc o, — S
T w \q, AMPHITRITE Vék—”/
-//Hs POINT ﬂg
i Ships _of Opportunity zl-v.'-\‘\ el //
Cruise AV<Z; May 25-29,1979 e e 1" =
Northbound J0ut) @-----@ "--Z/_'~ . LCAPE BEALE
Southbound (In) m- —-u P g !
28 . W 232 T
o g CARMANAH
2-6 "
2-34

125° W

-" ~
b B ". / Ca
£y PP
™ .. . SAND HEADS
\ . \if/)
NS 0 AN
T

% A :
N .

RN
o

SHERINGHAM e
- POINT e
Vst .
2L TV RACE :
1 a2 ROCKSY
SRETIvL ) L
2-41

%Q i,
\>5/'\ST POINT= Y -

Figure 25.' Cruise

track and station locations - RV00Z.




1000

[ 1]
e
O o
= a
> ¢
<]
Z 3 - P S
- uw 0 . LS Ny ey 3 T N, . » - ! e o
0400 0800 1200 { nrs) 1600 2000 2400
1000
[ =
o .
e .
z & NO DATA
25
a2
g0
N 0 T T T T T T T T
- N m < 0 0 ~ ® » o = o 1
STATION NUMBER & Loy & I F o §“ & ~
33 R Foppsrer Lot Pamm— e Ay e A
o -'—"" ) o et i A 7 \
>"\ . " L
3 SENSOR FAULTY S
-é . ERAE
n
23
18 -
[ 1]
b
- 2 —
o0 . ——
5 o ' D DRt TN Wit NN P oo e < ‘--.. .—-'-—._'_..
[« Snd o~ o
E NI RSt BRPINPO PE Ty
'2 Camt & Bt
8 A A A A A A
SHERINGHAM CARMANAH CAPE  AMPHITRITE LENNARD ESTEVAN
POINT POINT BEALE POINT ISLAND POINT

FIGURE 26  Continuous Data Record - RV002 (Northbound)

;
3
]
1
i




i

1000

2000

oy

1600

L 1p-24

[Ob-2

=

N

A
ACE
ROCKS

SHERI‘NGHAM R

POINT

1200

68 -2
L ez

( hrs)

¢ - 2
-GS - 2~
mbE- 27

e,

0800

£€~T
I 2¢- 2
F 1E~-2
- Of- 2

Pt g

A
CAPE
BEALE

- -~"---'—-.—-..-"'L-‘ B e o e

'NO DATA

62-2
rez-2
'NN'N'
~92-2

PR oE Tt

SENSOR FAULTY

LT T QNP

A
POINT

0400

s2-2
-92-2
FEc-2 4
22-2

B DO —— 4

e,

A
LENNARD AMPHITRITE

1SLAND

T

12-2
-0c-2
- 61-2
Bi-2

pALY4

B L DS o~

2400

~T

T

Si-¢ 1
Gi~2 4

vi-2

£1-2+ ¢+

POINT

pr———p

N S
A
ESTEVAN

——

1]

2000

©

20Ua2s340N| 4
OAIA NI

1000

E.c:ou
uoyupidooz

STATION NUMBER

33

(*%)
A3unog

23

18

(D)
aJniodadwia |

Continuous Data Record - RV002 (Southbound)

FIGURE 27



L )
R

[
g

*
s

¥
2l

¥

e R
SRV 5] U'] “-.4 UM [ﬂ 8 [‘.3 '.‘J [oey

x X
¢ ¥

PIRIBI RIRI R BRI R BRI R D BRI BRI BD B2 1D

¥
.

i

*

&

5\
¢« & 4 %

&
J bk b i et pui fek feb fod poi faa o

5
2ol 0 O 0 b G B e

S
*

- 49 -
Table 9: :
Hyisx PO BRIFS OF GPPORTUMITY
LR SHATE T IFE LT ITune LOMGITULE nis
DTS L1448 305 43—15.0 i 123-33.0 W 1i88.
ST 1as bk £85—-1i8.0 M 12354 .6 W 215.
DAFE LEs S5 £8—31 .0 M 135—34 .4 9 239 .
SATE Lis F G £8-28.0 1284—~32.0 W I
SFFE 148 Fi= SF8-33.8 ¥ 124-53.7 W =93,
DAY 148 1934 5837 M 125— T.0 W 313.
SASEE Las 1134 E28—EG .0 N 125200 W SZE7 .
SSFE 148 1234 F8—4 3 F M 125—-31.9 W 391 .
SAFTE 148 1T2= F85-52.39 H 125—-58.0 W 378,
ST 148 1722 FY— J,0 N Z2aH—~31.1 W IFF .
ST 14S 131i= 42— 4.8 1286-127.5 W 412
SAFTE 148 1941 4P9—312.3 i1 12385-32.0 W H32 .
ST 147 201iZ §2—-3F.2 M 128362 W 471,
DAFE 147 2T 4F-22.F M 125640 .0 W 462,
ST 147 =300 £T—15.0 N 1Z28—-35.5 W 250
ZSFE 147 233D GF—13.7 126~-33.1 W 443,
S5 1458 i FE—32.1 M 1286—-22.5 W £33,
SSFE 148 31 FF—1G.5 M 126-285.8 W 438 .
oSS 148 152 AT— B.O M 128522 .0 W 422,
SSFF 148 130 45— T[T N 1Z2&8—417.0 W 421,
SAFE A8 =3 4F— F.0 M 1Z6—-1Z.1 W 414,
=7 148 2340 £ e M iZ2e8— 8.1 W A0E .
AT 148 Lk AE-SE.O i 125— 2.1 W B o
S5 148 =350 S5-55.0 M 12558 .0 W A4,
SSFE 148 S50 SG8-03 .86 M 125-S3.0 W 287,
pe it N X 433 F8-501.5 125—48.8 W 382. -
=AY 148 o ¥ 1 £8—-4F 3§ 125-42.9 W 7%, 3
SSFE 148 T35 FE—FE.0 M 125-38.5 W 3&F .
=A7E A48 00 F2—45.3 © 125—-33.5 U 363 .
TAFE 148 &35 SE8—-E% .G i 125—-28.9 W 358,
AT 148 FOo E8—-53,. 5 N 125—23.9 W 352,
SiSEE iss F3i P85 .0 M 125—17.0 W 347 .
pE T 1458 861 F8-3% .4 M 125119 W 337«
SSFE 148 PO F8—35.0 M 125 2.5 W 325,
=Y 148 2B B~34 .8 i 124-58.5 W 321. :
SR 148 IO0E0 48-Z2 .8 W 12404 .9 W 315, d
SATE 148 1035 28—-31.0 N 124—-50.0 W 31i0.
SASFE 148 R RalH) 82T .5 i 124—55.0 W 304 . ‘
DA 1&g 241D 48— F.0 N 124—13.9 W 250 . ;
T S iZs 48— 7.4 123-53.D W 225. §
7T 188 2704 £8— T.T N 1253-32.0 W 199 . g

HRE e G SERSA S DA T e 5




- 50 -

Tahle 10:

IFR IR IHaTs rom SHIFS OF GRrORTuiETY |

ST F ODEM T SEM S, IS Srdl 516G NOZ NO3 04 i
pES ) Y L2222 P I 3 31+ 34U 2Z2.T1 I3 20.13 203
WERNE % DS i 31 .57 31.E83 24 .47 A& 18.33 1.77
Zetd A .GF SZ.48 3i.88 2300 + B2 265437 1.23
Z2.035 LTS S2.7F 21.77 23 .42 ) 1Z2.28 + 78
205 1iU.ié SL.22 WL 28 .00 23 SHa+43 - &
SL+0F  1i.8F 31.21 31.48 2370 +12 FaTS o}
2+08 1257 3i.i4% 31i.1i9 23.33 20 SL.72 +12
ZsuE I2.22 S1.54 - 25,20 - +O8 B.34 s 23
=+ 55 i1.73 32 .33 31.5U 24 55 +00Ts 1.866 22
=14 12,05 S22 .38 Si1.548 et + Q4% +0OF + 27
Z2L+312  1ii.8% S22+ 321 31 .45 24 T +06 - + 22
Z2+13  iLi.Bs S edl LSS | 23.08 Y+ N i eSF » 3P
ZLie 11.TF S L AN 24 .67 + 05 + 71 +4&
2.15 L11.8% 32.57 21.31 24,82 <05 + 35 .38 |
2L.1i5  11.92 I 31.31 Pt + 35 i.11 PR ¥ Y
2L+1F  L1.Fi 32 .57 31i.4% 24 . 50 5 *» 33 + 28
=L 12 11 .84 S22 o4 31 e 57 2 LT 5 +03 + O F + 32
Z:1F  Lil.&2 22587 31l.558 =4 .87 + 8 - D » B4
NSRRI Rt 32 .07 31.58 2% .87 L1086 S5.04 » Sk
Z.=3 13.863 B2 .85 31 .51 24 .85 +U3 2. 38 + 14
Zas 1142 2Z.7S 31 .64 2% .57 S ¥ - 2,03 « 54
= ii.ggo S2. 57 3L.55 25,76 +36 i.14 + 3O
= ii SZ.84 31.50 2%. 78 + U3 200 . 2%
= iZE S .0 31 .47 S e F s ) e 1.72 + 21
= iZ S22+ 5TF Z1.47 ZF.FS +33 4 o 25 Pk |
= 3 Z .00 SZ.51 21 .49 Z2%.75 »3E « 19 » 22
= ER At SE+F 3 33 .57 25 TS + 12 + 47 + A5
= ii.31 SELB0 2il.85 PSR ) +OS5 » 44 + 23
oz 11 .33 SZ.5T 31 .87 24 .85 +05 2.88 -2
:":. ii i-':?D 3.-."11»-3! 31 -2“;' 2‘?1-?4 011 8064 552
=, 1D .34 SZ2.FF S1i.4%F 25,20 +17 & 0T o F7
= 13 +00 3E.13 21i.B1 23+02 + 22 P TS
= F Lo 33.15 21.5F% 2T.57F + 23 S. 7Y + 88
= FLFD Z22.FE 3S1.84 2537 PR iZ.76 1.09
= it .i&s 2 .ES ZFi.79 Z2T.28 v 4 .71 +B2
= ig .38 Sl .80 3377 2517 + 20 3. 72 « B0
= RS I SZ L 54 31.78 P P e 2T = . 5 ]
= IGL2F EE. 14 Si.7F7F 25.50 - 3% 1ii..39 + B0
= FLrE SEL.12 2i.71 25.55 - 37 1Z+F0 -
= F.ao 32,85 21.746 P P Y » % 17 .54 +B6




—.
TR T

CRORY
LI

+

h

B he beb el pad ped fud pod fak fad ok

L]
21 03 M0 L s G B ey

SRARARARNE Y
P

;
!
g

+ 47
s
T
o 4
LR
-
- AT
77

bed ek o ek
3o O B b € g b

- r
L =
P g
0.
£ =
* a2
« <55
o
L -
«1F
+» &4

hr4
A

foi s o pot b 3 |

Rl NI VI VR VIS O

Py g =¥ g

ok i ot peb fad

FHAED

-3 - )
doe Lo
o o d

* TS
F .77
— 4
AR Y M
4.468
-
4+ 37
2.8
1.65
i.38
1.00
« 7T
- >
15-.1.!
e

* &
o7

=
L =

+48
-
- Tht

- 4
Ly
« 19
«+311

3
* dean
+14

]
+ L
Ay
+FE

=
* wfS
24

2

Fae o d
*» Td

b bub b ok ok e

R bt bt

= -y
== L

-r

- 51 -

Table.11;

+&1
» &4

=
*

+ 53
+ 70
+ &8

«+H2

=y
L L =3

+ FO
&7
&7
+ &7
+ &7
« &3
73
TG
o FF
« 74
+ I3
« 80
72
B35
+O4
+ SO
o 73
«71
72

o4

SEM FL

~x
*

23.

5.
1i1.
162.

25«

i7.

iv.

iz.

i0.
i4.
is
i3.
7.

il.

i2.

iS.
i7.
i4.

15.

25.

28.

23.

23.

30 .

37 .

47 «

37 -

37 .

=
*

3.

5.
43 .
37 .
8.
iz.

FL Yo

id4.52
ii.74
4+.18
D28
8.48
S.09
500

77

= =
b P 3

S5+73
8.54
8.54
8.37
10.536
.14
1Z2.44
14.24
il1.56
16.24
7 +48
.88
P44
i1.70
11.5%
P33
1.8
11.25
iv.s87
Z.85
11.85
&+ 43
o.88
557
3.50
3.02
4.35
S.68
279
8.63
i.ss
3.01

ZOG ¥

Dl *

+ &1

1.20
+31

T ARSI K

'
i
i
t



- 52 -
- Table 12:

SURFACE DAaTA FOR SHIFS OF GPFORTUNITY

CRUISE RWV-2

5T ¥ DIS T LIS Sall 851G CHL FHAEG “ Gl

2.91% 10.50 Bl.%70 24 .48 g i.28 S
2202 0 . 31.93 24 .60 2. 7% 1.37 + &7
2.03 P78 . 31.85 0 24.55 8.84 3.88 ‘

325

2.04 10 .80 31.688  24.25 11.97

2,05 - - - ~ - -
2.06 - - - - - -
2*07 - - - - - -
2.08 - - - - - -
2.09 — - - - - -
2,10 - - - - - -

214 11.20 0 31.42 23.78 1.43 +B87 « 52
2.15 i1.49 3184 24.13 + 80 « 38 + &8
2.1 11.36 31,57 24.02 + 7o + O « 52
2.17 11.40 31 .47 24 .00 + 70 02 53
2.18 11.30 31.53 24.05 1.70 « 74 « 70
2.1%9 i1.319 31.82 24.15 i.786 P2 + 58
220 11.62 31.60 24.15 1.80 +83 + 58

2.2 132.10 31.585 258,17 2. 1.08 + 58
2:23 33.38 31 .54 24.04 2.53 2.56 S

2.2 i1.34 31.5% 24.03 3.16 .10 74
E-bES ii +"€":> 310—“}'? 2‘1‘&6‘6 205? L B ] i-?3
2.286 11.34 31 .47 24,03 - 1.95 1.02 « 5T
2.7 21.353 3145 23.94 2.71 1.9 + 71
2.28 16,97 3i.865 24,20 4 .32 1.49 gt
2.2 18 .75 31.588 24,22 2.158 2l 77
=350 1G .99 - - &.12 Za41 + 72
2+31 1‘3 *?2 - - ?iOB 3*57 +72
2.32 30 .25 - - S.0F% Z2.468 + 7S
233 13,05 - - 14.74 #.55 + 7O
2.34 FL23 - - 11.54 3.82 o7&
2*35 ?i-S‘:} - - ?082 5&66 1-63
szé 1‘:.-; 1-10 - - 14‘@(}3 70‘1’4’ 1-65
:-b:? :i..‘:?' 1-25 - - 13&5? 7&08 066

:‘:-:-35 10 +28 - - 1305‘6 40?7 0?3
2.37 iG.01 - - 1F.04 4.5 « 77
:.:‘.-»-"é":* ?1-8‘3 - - 41-@? 1&‘;’1 4-68

£ iG .34 - - 1.48 +81 « O




- 53 -

13, 99 Y ¥ T T T T Y T T
J
&, Q2
g 1
E -—
N N
s -
Q - o
RIH.GG
T =3 —
E /9\.,
M P .
12,08 7 25 N =
F 7 LTRaN
E | ;1@ -3
R B .J A -
A 12
T 2397 _Ras 4
18. Q0P 2
u g ;ﬁ
R v °
£ = -
1 1 1 ! 1 ] 1 ] 1

2. 09
2. 10@. ¢ 20Q. 8 338.9 488, @ 586.9
DISTANCE

SHIFS OF OFPORTUNITY CRUISE RV-2

Figure 28. Sensor temperature (OC) vs distance along cruise
track - RV0O02.

3.9 T T T T T T T 1 T
D33.09 = -
I
z L. .
]

R-Q - - i
E.2.59
1
E -~ ' .
g .. -
a 32, 99 F
L
I - .
N
I . -
131. g
Y
31. 99 S
0. 1lo9. & 209. @ 300.90 YO9,. @ E£2@. 0
DISTANCE

SHIPS OF OPPORTUNITY CRUISE RW-2

Figure 29. Discrete salinity (ppt) vs distance along cruise
track - RvV0O2.




- 54 -

24. 90 T T T 1 [ T 13 T t/
3 22. 99 1] n
E 1?#
N 3 1 .
ph 1 3543 3
Q N -
® 32, 09

2
s L .
A 7 )
L3100 f -
I
N
I - -
T
¥Y30.00FfF =
J. 1 1 111 1 1 1 1
23, a9
239, 08 20, 8@ 321,49

32,69 23 0@ 34, 04

DISCRETE SALINITY
SHIPS OF OFPORTUNITY CRUISE RY-2

Figure 30. Sensor salinity (ppt) vs discrete salinity (ppt) - RV002. .

2.699 T T | 1 T 1 1 T
s!.. 2909
A
L - N
I
N - -
h . HeQ .
v .
o] -y b * -
17" 90
F -
F - * * -
E * st tasa g ot
Ro1.zef * S -
E N *e
v -
E + ‘

-2. 90 1 Lt | U N DO | L

T2.86 2,18 - 2,20 2,38 2.4 2. .50

STATION HUMBER
SHIPS OF OPPORTUNITY CRUISE RV-2

Figure 31. Salinity difference (ppt) - (discrete salinity - sensor
salinity) vs station number - RV002.




- 55 -

13 .99 T T T 1 T T T T T

.99~ I

18
- 1
14. 80 |~ =

g

-1 o - e
: 13 14‘%

- ko .1
kY X9

.eaf ‘g -

L 1

MACADAMITVIM-l JFOowzImnu
- -
[ »

2. 00 L L ! 1 . H L 1 -
22, 6@ 25. 0@ 27.40¢ 23,400 31.00 33 0@

DISCRETE SALINITY
SHIPS OF OFPORTUMITY CRUISE RW-2

Figure 32. Sensor temperature (OC) vs discrete salinity (ppt) - RV0O02.

Figure 33.

28, 90 T T T T T T T T L m
i qr%‘ss\ E%H? i
& 32 i
25. 90 | 4 ‘238 2
s /3/ g
1 3 Y
- 1y’ o
G z2
" o 3
A2y, 9o % / =
3
i R4 o
23. 90 13 o
22. 99 | -
21. 90 1 H ] . 1 =l 1 ] | I
9.6 100.0 20@.0 3269.8 4Y68. 8 564@.0
DISTANCE

SHIFS OF OFPORTUNITY CRUISE RW-2

Sigma-t vs distance along cruise track - RV00Z.

A AT et A e Sy S




- 56 -

2. 99 T T — T T T T T
- 4 -
24. 00 -
H
I -
T R
R L !
Rya L A~ -
1 1%, @a \‘
E B \ N
He o g3F 4
12. 99 29 \H
: "
B ‘\ \,3-‘131 ° 7
: R.? 3
PR // \ -
£, 00 oy -
LAt ag\ 2R
‘39.? 3.#;'\‘ : B
B 3 3Q .
a. 9% 1 1 1 P ) 3 L
@8 19Qd, & 2@, @ 209.9 HEY. @ 506Q.8
DISTHHCE

SHIFS OF QFPORTUNITY QRUISE RY-2

Figure 34. Nitrate concentration (ng at/L) vs distance along
cruise track - RV0O02.

EL- ) T T T T T T T T T
Y
T o ~
H
: L N
& Ly
15 00 23 -
uas
12. 99 3 ~
En T 11 22 b
ERE-1-3 ol -
Q. 23 1 I } A 1
RN 14 & 18 @9 1%, ¢
TEMPERNTURE
SHIFS OF OFPORTUNITY CRUISE  RU-Z

Figure 35. Ngtrate concentration (ug at/L) vs sensor temperature
(*c) - RvoO2.




M=-DITVvWVOI B

Figure 36.

MADXVPAOLY

Figure 37.

2. 509

»

-

[

[

[y

-

. 999

. 5Q8 -

- 57 -

. 9009

.59 [

1 ol 1. 1 L L L 1 1

DISTANCE
SHIPS OF OPPORTUMITY CRUISE RY-2

[-2-1"]
.0 100.9 20Q,. @ 29¢. 0 HoQ. @ 5090.4

Phosphate concentration (ug at/L) vs distance along
cruise track - RV002.

X1} T T T T T T T T
BT =
- & —
=z
-1 Nl i
- y ]
28
. ever 3 =
A4
e
. 500 3 4
3--
» 25 -
a1 °
000 ! [ 1 ! ! ! ) :
.00 1@.94 12. 92 14 99 12, ga 13

Phosp
.(Bc)

SEMNSOR TEMPERATURE
SHIFS OF QFFORTUNITY CRUISE RU-Z

hate concentration (ug at/L)
- RVQO02.

)
a5

vs sensor temperature




- 58 -

2. 599 T 1 T 1 1 1 T T T
2,990 b 1 -
H -~
n i 3 4
g
f1 saeb .
Fis
a
- ~ q -
E €

1. 990 F S -1

™
N s w1
N i
23 .
£ -
=
a i

e I ! L [

G, @6 5. 8¢ 12 80 12 @9 24, 00 & @d

HITRSTE
SHIFS OF OFPORTUNITY CRUISE RW-2

Figure 38. Phosphate concentration (ug at/L) vs nitrate concentration
(ug at/L) - RV0O2.

259. @ T T T T T T T
R .
A\
00, 8~
F 2 -
|8
U - -
0
R - -
Q.8
E15
S -
Pt .
E \,
N N 13 .
N l1@9. @
E i 23 i
[N
M ey
59,0 F LN A 29 ¥
2 23
- -2 R, .
. 1%}3
o a L1 1 ﬂ-’q 1 b I T
@.@ 193 . @& 200.0 3998.0 4HYOQ. 0 £00.90

DISTRNCE
SHIFS OF OPPORTUNITY CRUISE RY-2

Figure 39. 1in vivo fluorescence vs distance along cruise track - RV00Z.




- 50 -

29. 90 T T T T T T T T T
5
gls.9of ’_,' .
M ;
L - 3#\ -
!
: iy .l
12. 99 Y/ 3.
Q q ‘\
P =7 '
H - v 3z N
¥ 22 \
L a - ‘l -
L .00 /, i
u 3
- / |31 ~
‘ 7 29
Y. a9 [ |,"\ -
g 293
11 s 22
[~ 12 % i
Q. 00 1 1 1 1 [ 1 i 1 1 -
@0 19€, @ 298, 3 301, & YGQ 0 50@. @
DISTANCE

SHIPS OF OPPORTUNITY GRUISE RY-2

Figure 40. Chlorophyll g_(mg/m3) vs distance along cruise track - RV002.

259. 9 T T T T T T T T T
F 299, 9 A
L
U 5 -
0
R L. .
i 150. 9
3
c =3 -
E 5
N » s .
N 199. 0
E - 33 -
0. o 32 4 2%
. I~ 23 - -—
* 3pe o 35ﬁ38
- b . 9
4
|"‘|1 [N 1 i 1 } 1 ] 1

9. @0 Y. @% €. 04 12,09 18 Q¢ 20 00
CHLOROFHYLL

SHIFS OF OFPORTUNITY CRULSE RUW-2

gure 41. 1in vivo fluorescence vs chlorophyll a (mg/m3) - RVQ02.

)

|
-
W

PyTav—




- 60 -

25, 90 T T | G— T T
Q.99 J
F 29. 9
L
Y »
D T
15 99 -

19, 009

n

. Qe

ea ) ! [ RS IR U NV | 2 !
Q.6 104. 0 20¢. 2 3Q0Q. @ 430. @ 500.&
DISTANCE

SHIPS OF OPPORTUNITY CRUISE RV-2

Figure 42. Fluorescence yield vs distance along cruise track - RV002.

1,999 T T T T T ‘E; ) B— T
24
. 899 I° -
] 3% 25
¢ B 21
29
v 335 n 1@
. 899 [ 23 .
. pi -]
L 2 i
q°39 33 3
41 Y
. HoQ i -1
- 2 -
. 200
e. 909 ! [ N | 3 t 11 }
.9 160.¢ 200.90 390.0 UY@9.6 582, 8@
DISTANCE

SHIPS QF OPPORTUNITY CRUISE RV-2

Figure 43. D.C.M.U. ratio vs distance along cruise track - RV0O2.



- 61 -

32, 99 T T T 1 T T T T Y
o 1 z 1
3
531.80 - - ‘
o i ;
r i 15
F
a - 139 - B
21. 89 p :
: g
E 1 X
B 1€ 17 T e
s
831 40 R
I
N - -]
I
T o b o4
931"‘0
= =
! ) 1 L L 11 i 1

31. 90 —
31,80 31.2@¢ 31.4% 31.86 31,80 32, 00

2M DISCRETE SALINITY
SHIPS OF OPPORTUNITY CRUISE RV-2

Figure 44. Surface salinity (ppt) vs 3 m discrete salinity (ppt) - RVDO2.

15, 90 T T T T T T 537 Y T
-.-3
- Soon o
s 12. 99} Y -
1 lR’ - 3 -
F 3B
g 3. 90 | 31 3 -
£ 23 32
c
Hoeaof 3 -
o -
2 2 ue
P - & -
H 3. 99 :
9 o
L B 4l N
L 2
3. 09 1 1 ! 1 1 1 L ] 1
3, 9a 2. 99 &. 00 2.8 12,890 15, 84
2 M CHLORQFHYLL
SHIFS OF OFFORTUNIT'Y CRUISE RW-2
;
. - 3 e 3
Figure 45. Surface chlorophyil a (mg/m”) vs 3 m chlorophyll a (ig/m~) -
RV002. '




- 62 -

Multiple Correlation Table

Table 13

’,)
i

UIse Ry-

TY CF

T
4

GPRORTUR

aF

—pa

n

A

'v‘il

e

oy

=
v dad

21

+ 85

[ %
]
~

-.05

[a2]
=

U7

4
-

01

W

14
LY,

$ 39

27

A2

~r
ti;';

]

[ 4
o



- 63 -

2.3 Cruise RV003: July 9-12, 1979

2.3.1 Logistical Summary

The third cruise took place from July 9th to 12th, 1979. The techni-
cians and their gear were transported via a locally chartered float-plane from
Patricia Bay to the log-loading site near Anvil Island in Howe Sound.

The tug and loaded barge left Anvil Island at 0230 July 9th, bound for
Gold River. The return trip (on the 11th and 12th) was from McBride Bay in
Esperanza Inlet to Burgoyne Bay on Saltspring Island. The technicians, their
gear and samples were offloaded in Vancouver on the 13th and returned to Sidney
by truck.

Sampling was spread over a larger portion of the cruise than was the
case for RVOOl and RV0O02, extending into Haro strait and the Straits of Georgia
(see Figure 46). Rough weather off the west coast of Vancouver Island caused a
long gap in sampling on the northbound leg on the 9th and 10th*. Continuous data
for temperature, conductivity and chlorophyll fluorescence were collected for
the entire cruise. Due to a malfunction in the sensor electronics, continuous
zooplankton density data could only be gathered for the first half of the
northbound leg cruise. Thirty-seven sets of in-line discrete samples (salinity,
nitrite, nitrate, phosphate, chlorophyll and phytoplankton) were collected.
At thirty-three stations the change of in vivo chlorophyll fluorescence after
addition of the herbicide DCMU was also observed. Twenty-six in-line zoopliank-
ton samples were also collected. The zooplankton and phytoplankton samples are
intended for species identification and are deposited with Ocean Ecology, Institute
of Ocean Sciences. The pump flow rate used for cruise RVO03 was 30-35 Titres/
minute, up from 24-28 litres/minute for cruise RV002 and 17-20 1itres/minute for

* While all of the sampling operations on this cruise and subsequent cruises
were conducted from inside the ship, the technicians found our forepeak 'lab’
a very uncomfortable and difficult place in which to work in rough weather.
Seasickness and difficulty of working caused by the large movements of the
bow section often forced curtailment of sampling in rough weather.




cruise RVOOl. Extracts from the ship te and
weather are presented in Table 17.
2.3.2 Equipment Malfunctions

Cruise RV0O03 continued to be th pproxi-
mately two-thirds of the way along the} . e~ wiuine, The +15VDC

voltage regulator ceased functioning and during the attempts to repair this,
two capacitors were burned out thus disabling the zooplankton sensor.

A separate problem involving a malfunction in the shift register of
the data logger caused successive data bytes near the end of some data sweeps
to be overwritten with meaningless numbers. The net result is that while the
majority of the time, temperature and conductivity and zooplankton numbers
were reliable, the chlorophyll fluorescence was recoverable but of lesser
quality. The fluorometer range, the reference number and least significant
bits of temperature and conductivity were lost completely.

The continuous data presented here include all of the useful time inter-
vals, the 10 most significant bits of temperature and conductivity and the
sigma-t calculated from these parameters, the zooplanktcn data where they
exist and the reconstructed fluorescence data. The flow chart in Figure €6
demonstrates how the fluorescence data have been retrieved. Note that these
fluorescence data are of poor quality and should only be used as a relative
indicator of events. Dashed lines on the fluorescence record in Figures 33,47,48
indicate the fluorescence recorded by the strip chart (which is assumed correct).
These disagreements are the result of real spikes of very short duration which
‘cause the correcting scheme to give erroneous numbers. It has not been con-
sidered worthwhile to further manicure these data for this report.

The salinity sensor also continued to misbehave. For cruises RVO01 and
RV002 the salinities derived from continucus records did not agree with discrete
salinity samples. The agreement between discrete salinity and sensor salinity




- 65 -

for RV003 was not good ( .4 ppt) however the slope of the line is 0.98 (see
Figures 51, 52). Only .04 of this scatter can be ascribed to the malfunction of
the data logger and the resulting loss of the two least significant bits of
conductivity and temperature. It should be noted that the approximate 0.6 ppt
offset (sensor salinity high) which appeared in the data from RVOO1l and RV002 does
not appear here. The data logger was returned to its manufacturer after cruise
RV003 for repair of the shift register problem, but data from subsequent cruises
continued to indicate disagreement between the salinity sensor and discrete
salinity samples. Most of this was due to drift and high frequency Tow amplitude
noise on the conductivity sensor output, but close examination of the data and
on-board technique suggests inadequate flushing of the sampling reservoir could
contribute to the problem occasionally. We put most confidence in the discrete
salinity data and include the continuous data here for reference only. It does
provide a very rough picture of events along the cruise track when used in con-
junction with the plot of salinity difference vs station number.

2.3.3 Data Summary and Discussion

_ Comparison of surface bucket data and 3 m in-line discrete data from
cruise RVOO1 and RVOO2 indicated a close relationship over most of the study

area except in highly stratified area, or in regions of rapid change where the
interval between sampling each depth meant that different water bodies were being
sampled. For this reason and because of time and cost considerations surface
bucket sampling was discontinued for cruise RV003. Surface temperature data were
to be collected but could not be because the bucket thermometer was left on'the
transfer craft.

The continuous data (Figures 47 and 48) show warm very Tow salinity* waters
containing large amounts of zooplankton and high chlorophyll fluorescence in

* Refer to the difference between discrete and sensor salinity (Figure 52)
to establish confidence/units for continuous salinity in Figure 3.3, 47, 48.

2
3




- 66 -

Georgia Strait. The corresponding discrete data for the first three stations
show Tow nutrient concentrations (Figure 55 and 57) and relatively Tow chloro-
phy1l concentrations (Figure 61) in this area. A boundary near Patos Island
marked the beginning of colder, more saline turbulent waters in Boundary Passage,
Haro Strait and Juan de Fuca Strait (Figure 49) having high nutrient concen-
tration. The extreme eastern portion of Juan de Fuca was isothermal with
temperature variations beginning west of Race Rocks. On both the outbound and 4
inbound trips there was a warming of the surface waters towards the west with §
maximum temperatures near station 11 off Carmanah Point in a low salinity water
mass located there at this time. This Tow density water (Figure 54) had very

Tow nutrient levels (Figure 55 and 57) and was separated from the Juan de Fuca
water by a sharp thermal front (Figure 49). The TIR0S-N image available for

July 14, a few days after this cruise (Figure 67) indicates that this warm water
(grey in this figure) extended south along the coast. It is reasonable to assume
that the Columbia River discharge was responsible for its Towered salinity.

e e e e e e e e g

While there was no evidence of large phytoplankton pcpulations anywhere
in the study area, the maximum chlorophyll concentrations (4 mg/m3) were de-
tected at the outer edge of the Juan de Fuca water, at stations 3.9, 3.10 and
3.11. We interpret this as being a result of phytoplankton growth as the water
mass moves seaward.

The waters off the west coast of the Island were generally warm and saline
with very low nutrient concentrations, with the notable exception of stations 3.22
and 3.23 off the Long Beach area. Sea temperature at station 3.23 was approximately
29C colder than the offshore average on this cruise. While the salinity at this
station was only slightly lower than at neighbouring stations (.2 ppt), nutrient
concentrations were very high and exhibited a significantly different N/P ratio
(Figure 59) indicating the possibility of upwelling. The fact that the chlorophyll
concentrations observed at station 3.23 was not significantly greater than the
offshore average may be a factor of the stage of the upwelling-bloom sequence
observed.
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Because of the data Togger malfunction the fluorescence values reported
here and in Table 16 for each station have been reconstructed from the strip-
chart record which is a completely separate system*. The chlorophyll concent-
rations observed on RV003 were low (between 0.5 and 6 mg/m3), however, the
calculated fluorescence yields (fluorescence/unit chlorophyll) were much higher
than observed on cruises RV001 and RV002. This is because of adjustments to
the fluorometer blank and sensitivity made prior to cruise RV003 which had the
effect of increasing the sensitivity of the instrument by approximately 18x.
Comparison of in vivo fluorescence or any of its products between the first two
and the last four cruises will be only very rough, even with the 18x factor
(which was derived from comparisons between the Turner Designs fluorometer out-
put with that of a Turner 111 bench fluorometer used for the DCMU experiments).

The relationship between extracted chlorophyll and observed fluorescence
(Figure 62) illustrates the difficulty with using fluorescence alone as a
measure of chlorophyll in such Targe and diverse areas as studied here. The
plot does however allow one to differentiate between areas showing different
relationships between the two parameters. Because in vivo fluorescence is
thought of as excess energy not utilized in photosynthesis (Govindjee et al.
1973), phytoplankton populations exhibiting low fluorescence yields can mean
the population observed is growing actively, while higher fiuorescence per
unit chlorophyll may indicate nitrate stress (Slovacek and Hannan, 1977).
Several other factors including species composition and 1ight conditions may
also affect the fluorescence yield so that caution is advised in interpreta-
tion of such data. Despite these problems the fluorescence versus chlorophyil
plot for cruise RVOO3 does indicate a rather distinct separation of the phyto-
plankton sampled into two groups. Stations exhibiting high fluorescence
yields were encountered in Juan de Fuca and Georgia Straits (Stations 3.2-3.13)
on the outward bound track, and in the offshore area except in the cold water
off Long Beach (Statibns 3.22 - 3.24). This cold band of high nutrient waters
carried phytoplankton which were fluorescing much less "per unit chlorophyll”

* Contrary to the reconstruction of the continuous data, tabulated data
representing the fluorescence at the time of discrete sampling was cal-
culated from fluorometer output voltage (as recorded on the strip chart)
: 5 volts x 1023.
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than other coastal plankton and more 1like the Juan de Fuca populations sampled
on the return trip. The increase in chlorophyll concentrations and drop in
fluorescence yield observed in Juan de Fuca between trips is consistent with

a growing population there. While phytoplankton samples have been taken and
are deposited with Ocean Ecology they have not yet been analyzed. It may be
possible to resolve whether any of these variations are related to species
differences by examining a few samples from each cruise.

Our DCMU data (Figure 64) show relatively low numbers in Juan de Fuca
with higher values north of Nootka Sound and in Juan de Fuca on the return
trip. The very highest numbers were at stations 3.13 and 3.22, both in the
cold water encountered off Long Beach. If Samuelsson's laboratory data
(Samuelsson and Oquist 1977) can be extrapolated to these waters, high photo-
synthetic activity would have been expected in this water, with slightly
elevated activity in Juan de Fuca on the return trip. Experimental data
being gathered by the Ocean Ecology group should help in the interpretation
of these data. DCMU ratios were poorly correlated with all other parameters,

-.36 for NO,; -.32 for PO,.

the highest correlations were -.37 for NO 25 4

3;
Figure 65 represents averages of zooplankton counts made over several
minutes at the time of discrete sampling and is included here to allow compar-
ison with the other discrete data. Small areas of higher counts can be seen
in the vicinity of stations 3.2 and 3.10 which correspond with the east and
west boundaries of the turbulent waters of Boundary Passage, Haro Strait
and eastern Juan de Fuca. This turbulence manifest itself as cold surface
waters in these data.
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Tahle 15:

ATAa FOR SHIFE OF GPFPORTUNITY

RYV-3
SEN T SEN 5AL DIS SAaL  SIG
14.84 10.49 10.42  7.18
15.34 D22.20 21.48 16,03
11.02 28.74 25.76 21.86
10.17  30.48 2977 23.36
2.87 31.55 31.05 24.31
.70 31.87 31.52  24.60
11.20 31.17 31.21  23.80
10.55 31.87 31.75 24.46
11.92  31.34 31.37 23.79
12.04 31.82 31.44 24.14
13.860 31.34 31.20 23.43
12,73 32.15  31.77  24.27
12.11 2.2 32,17 24.4%
13.862 2F.79 2P.96 22,37
13.41  32.07 31.47  24.0%
13.63 32.47 32.11 24.34
13.37  32.17 31.98 24.15
14.05  32.2 32,04 24,10
14,02  32.2&6  32.00 24.10
13.72 32.14 31.88 24.02
13.74  32.2 S1.94  24.17
11,92  32.38  31.98 24.5%
11.25  32.01  3i.861 24,43
i2.85 32.61 31.76 24.60
13.15  32.71 32.28 24.42
13.26  32.62  32.25 24.52
13.63 32.34 32.16  24.23
13.7¢  32.07 31.73  24.01
13.73 31.78 31.34 23.78
14,28 31.54 31.23 23.4%
13.7% 31.61  31.13 23.40
13.1%  31.95  31.40 24,02
12.00  31.94 31.52 24.24
11.41  32.10 31.54 24,47
10.57 32.07 31.64 24.561
.58 32.47 31.80 25.07
.87 32.08 31.82 24.72
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SHIFS OF GFFORTUNITY
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TABLE 17 Extract from the ship's log- Cruise RV0O03
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July 9 - 12, 1979

Date Time Landmark x Distance Ship's Heading Speed Made Remarks (Tech-
Abeam (nautical miles) (O True) Good Since nicians obser-
Last Entry vations in
brackets)
July 9 0200 completed loading
0230 Leave Anvil Isl. with
Toaded logger
0331 Head Pt. X0.35 190
0400 Passage Is1. X0.75 190
0426 Buoy Q.A 192 9 (Wind NE S-10,
waves <1' NW Tow
swell from E,
cloud 6/8)
0719 Pt. Roberts X4.8 135 9
0835 E. Pt. X1.0 245 9 (wind W 10,waves
<1' west'ly,cloud 5
6/8) %
0935 Turn Pt. X1.0 170 9 §
1022 Kelp Reef X1.0 177 10.8 ;
1105 Discovery Isl. X1.0 10:5 %
1341 Race Rocks X1.6 (wind W10,ripples %
from W. no swell, |
cloud 6/8) i
1647 Sheringham Pt. 5.6 (wind W15, chop i
from W, long swell
<1' cloud 6/8)
1807 San Simon Pt. X4.55 292 6.15 Lt. N.W. choppy
1907 Sombrio Pt. X5.1 292 6.85 (wind SW15,chop
from SW, swell 1'
from W) cloud 7/8
Lt. N. choppy
2016 San Juan Pt. X4.7 292 7.32 Air SW choppy
2154 Carmanah. Pt. X3.8 288 7.65 (wind E5,Lt. chop
from E. Cloud 7/8
swell 4' from S)
Air NE., mod.SW
swell .
2343 Pachena Pt X5.1 288 7.81 winds E.20, Mod-Hvy.

SW swell
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Date Time Landmark x Distance Ship's Heading Speed Made Remarks (Tech-
Abeam (nautical miles) (© True) Good Since nicians obser-
Last Entry vations in 3
brackets) }
i;
July 10 0220 Amphitrite Pt. X8.8 305 7.8 Wind S.E. Mod-Hvy i
S.W swell ?
0508 Lennard Isl. X8.25 310 . 7.7 Wind S.E. 25 i
0610 Cleland Is. X6.8 310 7.5 Wind S.E. 15-20,
Hvy S.W. Swell
0703 Rafael Pt. X8.65 305 8.9 Wind S.E. 20-25
Hvy S.W. swell
0843 Estevan Pt. X6.2 310 7.9 Wind S.E. 15-20
Hvy S.W. swell
1000 Split Cape X8.6 350 8.1 Wind 10-15 mod.
S.W. swell
1235 Anderson Pt. (Wind S.E.5, ripple
from S.E. 3' swell
from S, rain, cloug
7/8)
1530 Dump Gold River
1700 Full away
2140  Secure McBride Bay for
Toading
2400 Start Loading
July 11 0600 Loading
1500 Complete loading
1530 Away from McBride Bay
1644 Centre Isl. X0.3
1732 Esperanza Buoy
1813  Ferrer Pt. X3.1 161 6.1 (Wind SE 10, waves
: S.E <1'5"' swell
from S.E., cloud
2/8) Wind S.E. Lt.
Tow S.E. swell
1931 161 6.4 (Wind S.E. 5, waves|
S.E. <1'5" swell
from S.E. cloud 3/
Wind S.E. Lt., Tow
S.E. swell ]
July 12 0103 Rafael Pt. X10.9 129 6.9 :
0315 Lennard Isl. X9.6 131 7. g
0639 Amphitrite Pt. X9.9 109 6.6 Wind Lt. S.E., low

S.W. swell(wind E °
5-10 S.E. ripple, |
3" swell from S.
cloud 6/8)
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TABLE 17 - cont'd

Date Time Landmark x Distance Ship's Heading Speed Made Remarks (Tech-

Abeam (nautical miles) (O True) Good Since nicians obser-
Last Entry vations in
brackets)
July 12 1140 Carmanah Pt. X6.35 128 6.1 (Wind E.S, 4" E.

waves 3' swell
from S.W., Cloud

' 1/8)
1209 Buoy J. X1 117 5.8
1328 Waadah Is1. X2.1 115 7.4 (E. breeze,
) ripples, 1-2'

swell at 10 sec.
cloud 1/8)

1444 Kydaka 8.8

1514 S1ip Pt. 9.8 (Wind 5 Kn,ripples
1' swell at 5 sec,
cloud 4/8)

1738 Buoy J.A. X1 074 9.7

1812 Race Rocks X3.5 , 065 10.4 (Wind W5, waves
1' from W, no
swell, cloud 5/8)

1953 Discovery Isl. X1.8 020 10.1

2055 Kelp Reef X1.25 350 7.4 (Wind N.E.5,waves
1' from S.E., no
swell, cloud 2/8)

2148 Turn Pt. X0.5 000 9.3

2238 Beddis RK 225
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Table 18: Multiple Carrelation Table

SHIFS OF OPPORTUMITY CRUISE RY-3

3 Sib -.28 +77

3 5IG -39 1.00 .99

3 OHO2 -89 =04 -,08 2

3ORHO3 -.87 W16 L1424 76

3 OF04 -.90 0 W13 1D W20 77,88

3 CHL W23 W06 .08 W04 =07 -,25 =13

3 ACHL OF =200 =21 =030 19 .09 15 .28

SEH FL W03 =07 =09 =07 92 =0F =00 LB6 42

T FLYD  -.14  -.13 -1 -,12 L85 12 B8 =62 =35 .15

3 Z00% I -4 =43 =47 =31 =61 =83 .25 .44 L8 Lii

BEN T BEN S5 3 S5AL 3 BI6 3 NOZ 3 HO3 3 FO4 3 CHL 3 ZCHL SBM FL 38 FLYD 3 Juui
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2.4 CRUISE RV004: AUGUST 11-17, 1979
2.4.1 Logistical Summary

On August 10th the technicians were flown via seaplane to Anvil Island é
in Howe Sound where they met the Rivtow Viking and the self-loading Tog barge, :
the Straits Logger. After the barge was loaded it was discovered that the
pulp mill at Gold River was on strike and consequently could not accept the g
load of wood. The Viking therefore anchored the loaded barge and went into
Vancouver to pick up another empty log barge. The Viking and empty barge
then proceeded to McBride Bay at a speed of between 9 and 11 knots, arriving
at 0630 on August 12th. The barge was loaded and the tug heading south by
2330 that night. Speeds of 7.4 to 8.5 knots were made good on this and the two
following transits. Instead of completing the trip to Howe Sound, the Rivtow
Viking met a second Rivtow tug off Victoria and traded barges; then returned
to Gold River as originally planned, arriving at 0630 on August 15th. After
dumping in Gold River the barge was loaded at Zeballos and the Viking was headed
south once more by 0600 on August 16th. The Viking arrived in West Bay in
Howe Sound at 1900 on August 17th where it was met by a seaplane which returned
the technicians and their gear to Sidney. Extracts from the ships log and
observations of sky and sea conditions by the technicians are presented in Table
22 .

The continuous record of temperature, conductivity, in vivo chlorophyll
a fluorascence, and zooplankton particles will be referred to as two separate

cruises. Cruise RV004 is that portion of the trip from Anvil Island to McBride |
Bay and back down as far as Victoria; cruise RV0O4a is that portion from Victoria§
north to Gold River and the return trip to West Bay. Fifty discrete in-line |
samples were taken durina the two cruises, the distribution of which can be :
seen in Figures 68 and 69. Sampling was concentrated in the area between Cape
Flattery and Lennard Island. DCMU numbers were obtained at 49 stations and 28 ‘
zooplankton samples were taken for calibration purposes.
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2.4.2 Data Summary and Discussion

The pump and continuous monitoring equipment were turned on as the ship
~ left Burrard Inlet August 11th, however discrete sampling did not begin until
Boundary Passage and therefore missed the very warm (19°C) brackish (<20 ppt)
water in Georgia Strait. Continuous records (Figures 70, 71, 72, 73) show elev-
ated chlorophyll fluorescence and increased zooplankton at the southern edge
of the Fraser River plume with a very sharp boundary encountered near Patos
Island. The cold (12°C) saline (>30 ppt) turbulent water in Boundary Passage
and Haro Strait, by contrast contained very 1ittle zooplankton. After station
4.3, south of Victoria, increasing numbers of zooplankton and elevated chloro-
phyll fluorescence were encountered. Temperature increased steadily between
Sheringham and Barkley Sound with a slight decrease in salinity*. This situ-
ation generally existed during the entire cruise.

The T-S plot of station data (Figure 78) shows that the very cold (10°C)
saline water (>32.3 ppt) in Juan de Fuca and over Swiftsure to station 4.9
on August 11th were separated from warmer, 15°C water of salinity around 31.7
ppt north of station 4.11 by a distance of about 40 km. This situation existed
during both the second and third passages through the area but continuous
data shows that a warmer water mass (near 16°C) had appeared off Tofino (just
north of station 4.32) by the time of the third transit. It was sampled by
discrete sampling during the fourth homeward passage on the 16th of August
however, having moved onto the cruise track more fd]ly and extending from
between stations 4.33 and 4.34 south of Estevan Point almost to station 4.38
of f Amphitrite Point (see continuous data in Figures 72, 73 and the temperature
vs distance plot in Figure 79). The cold Juan de Fuca water had also moved
north with the result being a rather abrupt change in the T-S character of
water in the 8 km separating stations 4.40 and 4.41.

* Figure 77, which illustrates the difference between discrete and sensor
salinity is provided to allow confidence limits to be placed on contin-
uous data.
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Nutrient concentrations in the region were closely related to sea
temperature, there being correlations of -.89 for phosphate and temperature
(Figure 83) and -.84 for nitrate and temperature (Figure 81 and Table 23). Note
that most of the points lying welil out of the main cloud of points and furthest
from this N03/T relation, represent stations at which elevated chlorophyll concen-
trations were recorded. This suggests that strong phytoplankton growth after
cessation of mixing is responsible for the 'abnormally' low nitrate concen-
trations in this water. Figure 84 illustrates that the relationship between
dissolved phosphate and nitrate concentrations for cruise 4/4a is close except ,
for stations 4.3 and 4.5 in Juan de Fuca (high phosphate) and stations 4.15
and 4.16 off Lennard Island. It is not clear why these stations should be
anomalous since they do not significantly differ from their neighbours when
one considers other parameters. The relationship between dissolved N03 and

PO4 for RV004 is essentially the same as for previous cruises with N/P ratios
around 12 in Juan de Fuca and much Tower values. (less than 5) in the warm i
coastal waters north of Amphitrite Point.

Much greater variability in in vivo fluorescence was encountered during
RV004 than during previous cruises and the repeated passage gives an indication
of the evolution of the chlorophyll field along the cruise track between August
11th and August 17th (Figures 70, 73 and 85). Until August 16th the highest
concentrations (10-18 mg/m3) were in the area north of Tofino-Long Beach and
the outward movement of cold Juan de Fuca waters north to the Cape Beale area,
resulted in relatively low standing crops along the entire cruise track. By

August 16th the highest chlorophyil a concentrations were the 7 mg/m3 encountered
in the Swiftsure area - similar to what was measured in this area on the 1lth
(Figure 86).

Fluorescence yields were very constant during this cruise except for
those six stations exhibiting chlorophyll maxima (Figures 87 and 88). DCMU
numbers (Figure 89) on the other hand were very erratic and did not show any rec-
ognizable relationship with any other parameters except a trend to higher values
towards the north. There was a .35 correlation with temperature and similar
but negative correlations with nutrient concentrations.
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More zooplankton were encountered on the cruise than on any previous
cruise. Figure 70 -73 illustrates the variability observed and the relationship
with other continuously measured parameters. The zooplankton data in Figure
90 are sensor counts at the stations, with stippling indicating those areas
sampled at night. As expected much larger numbers were counted during dark
hours when the zooplankton are gathered near the surface to feed.
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= SRIrE OF OFPORTUNITY - Table 19:

S Te T iINE LAT ITUDE LONGITULDE

=223 S02 48—43.0 i 123-11.0 W
223 73 £8~31 .0 123-12.8 W
223 FoD 48~317 .8 ¥ 1253-18.0 W
223 1001 A#5—-15.1 N 123-3&8.6 W
223 133G SE—31F.1 ™M 123-5B.6 W
223 13040 C—25.2 124-33.5 W
223 14045 4825 .0 N 124-38.6 W
223 1569 $8-33.0 N 124-52.1 W
223 15G9 FE8-35.9 M i25— 2.8 W
223 1700 838 .5 # 125-1i50.7 W
223 1902 48~42.8 ™ I25-30.0 W
223 1765 48547 .5 M 125-43.7 W
223 200 £0-53.0 N 25-55.0 W
223 2109 48-58.0 M 1256—- 5.5 W
2E3 2261 HF— 4.3 K 126—~-14.8 W
223 2368 47— 8.7 M iZe—24.8 W
223 24454 ATF—314.7 M 1286-35.8 W
224 214 SFF-2F.50 ¥ 126-38.8 W
225 1160 £5— S0 N 1286~ 5.0 W
225 12640 $5-51.9 N 12556.0 W
=225 1E5Y F0—45.% N 12543.2
225 1451 SB8—4Z.0 M 125-32.6 W
225 1G4 £8~-38.% M 1IZ5-20.5 W
225 18G4 £8-3&8.7 N 125 9.1 W
225 I70% 58-33.8 ™ 124-58.0 W
22& 1360 #E8~-31.8 N i24—48.1 W
225 140 #8—-34 .5 M 125~ B W
=2& 1T0¢ 428-37 .5 H i25—-11.0 W
232& 1563 S-S5 .0 M 125-22.0 W
=228 1761 S—4T.2 ™ 125-38.5 W
2328 1804 485—4F .0 N 125—-48.0 W
22& IF0ST 48-53.8 ™ 125-546.5 W
2328 1350 F—12.7 N 126-35.5 W
228 1427 47— F.8 N i26—25.8 W
228 1530 49— 4.1 M 1Z26-18.0 W
=28 14636 48-52.7 N 126~ F.7 W
228 1735 48-54.9 M 126— 2.8 W
228 1830 £8—456.8 N 125-50.0 W
228 1730 4#28—42.9 N 125-39.4 W
2LE8 2030 48—41.0 M 125-33.0 W
2=8 2135 48-3F.:0 M 135-28.8 W
228 2236 F8-38.9 N 125-21.0 W
ZEZB8 2E3¢ £8-35.8 N 125 2.5 W
ZETF SC Go-31i.7 H 124-45.8 W
227 139 $8-2F .0 H 124-35.6 W
22 234 4827 .85 M 124-26.0 W
227 S £8-25.8 N 124—-19.2 W
=EF 433 AE-25.4 N 124—11.90
227 530 4521 .2 N i24—- .5 W
227 Fod £8-17 .5 M 1Z23—44.0 W
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T FOR SHIFS OF OFPORTUNITY
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24.0%
23.93

23.71
23.567
24 .42
25.05
24.98
253.55
25.07
25.35
24.41
24.11
24.0%9

23.71
23.99

24,03
23.51

23.47

23.72

23.87
23.57
24.05
25.15
25.03
25.09
25.03
25.11
24,72
24 .57
24.42
24.55

24.94

- Table 20:

NOZ2

32

+ 46
+33
37

L -

+ 45
«48
+ 41
» 44
+19
«+12
«10
+12
+09
+09
.08

«11
«11

«10
«10
+18

.37

I
R
+*

+ 28
.18

+ 21
+13
«13
+12
1 r
+08
+03
+03
+06
o« 34
«21
+ 42
+ 41
)
- 47
+ 46

=
L J

=
L 2

47
44

22.51
25.58
10,09
253.51
13.41
Z28.792

24,81
1i3.30
8.54
772
1.64
2.563
4$.12
7+.01
5.88
1.73
3.76
4.83

2.05

Se41
S5.570
S1S
F. 77
21.39
13.13
2.93
3.87
2.468
§.57
-‘023
275
+ 31

« 30
1.80
1.52
"'016
S.04
£.70
10.574
19.70
i8.74
25.14
16.73
21.38
26.48
26.13
23.77
24.50

1.52
1.45
1.90
2.00
1.99
1.77
1.49
1.38
1.14
77
+82
+ 35
+41
+ 36
«23
018
« 24
+ 35
o 46
27
«23
+ 37
+ 40
+ 7
+ 71
1.47
1.29
« &9
+ 55
+ 31
27
« 28
«31
+ 32
+ 23
+18
« 23
o 22
« 34
o 44
71
1.490
1,09
1.42
1.69
1.51
1.95
1.64
2.26
1.83
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DATaS FOR SHIFS OF OFPORTUNITY - Table 271:

CHL FHACU = CHL SEN FL FL YI* Z0G # Ml &

2.08 +875 + 5O 217 . 104.30 0. 47
2,00 o +BO +71 215. 107.73 S0. + &2
i1.648 + 73 ALt 1&4. PE.73 45 » )
1.8% +85 + 58 200. 107.92 162. o2
2.85 + 73 « 74 201 . Foe72 212. +0
5-:- is 1.35 0-?‘; 2“5?0- 50'1? 26?0 063 J
4+ .50 1.50 s 233, D6 20 102. + 5 é
& 00 1.88 + 7D &14. 102.37 8&. o5
=.82 2.561 + 5% 457 F8.o4 174. + &4
12.320 b + 57 2103. 172.3% 267 . « &4
7 .87 3.57 « 57 S65 . 84.37 (=20 P8 45
1Z.42 2.58 + 84 1508. 112.34 417, +51
730 1.28 L85 78i. 107.03 145, &b
e 1.5 +34 1155. 148.44 &48. &7

-y = s L

2 .57 + B4 +7 8 292, 2B.26 7%

{
I
k
{
¥
:

4.05 1.2 +7H S6Z2. 138B.29 45 . «H3
.82 1.3 +FO8 &08. 126.06 211. &7
.95 1.5 7D TS24, 106.16 771. 77
2.32 TS +7 273, 118.45 S &6
4 .07 Z2.18 « D3 &43. 158.00 157 . 23 :
5. &G 1.35 B4 485. T3+ 44 416. 7 |
F.02 223 8BS 753, B4.55 igl. + 48

771 S22 »E5 i735. 178.86 187. + %

B!

I0.72 e +87F 7 1455, 135.72 145, 73
10 .65 S.31 v 1508, 4,41 300. + o8
12,34 Z2.38 +B4 FoS. &1.27 171. 42
15.57 Z.88 + B4 1420 . ?4.21 452 . +« 40
17 .55 F.01 +E2 2i85. 121.63 335 41
13+.‘.‘.’ “ra- - L= 1164«- 8?0?1 3?81- 054‘

EE*GE T 0D $ 7D F83. Bil.81 237 . + 42
5.24 1.78 P = 375 &0 .05 270 . o A7

S xS
-_.‘1-15 1-!-6“& i?é wdotanld - 103*?4 1?()& 0‘50
2.3& T «F L ig2. F7.12 33. 53

1.7% » TE P = 145. Bi.06 27 . +H2
1+63 i-S‘ﬂ‘ -b?é 160!- ?850{) 45. 071
1.37 P ¥ +81 155, 106.92 44 o o S7

i.1% - 30 « B0 146. 122.41 S5, o7
1.5 + I8 F2 ZZ5.  147.94 335, S
2.72 1.38 » &8 S61. 121.24 88. -
& aF 1.567 +FE 337 . TE 4% P + &0
- - - - 5?5!- - 3040 063

2Z2.73 «EF +81 225 . 7557 232. « 33
7 &7 1.85 81 FE%. FTF.61 165. +48
=28 1.75 o3 303 37 .59 201. -3
i.71 e + 78 i53. 80 .25 26 -
257 + 77 173 247 . F1.71 77 . o
1.5 « &0 TS 152, F2.32 311. « 47
1.85 e 53 1848. 112.57 &EFL. .
1.8% » &5 + 7 & isi. FS.71 372 47
1.72 v 77 157 iFg8. 103.33 178. 47
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Table 22: Extract from ship's log - Cruise RV004
' August 10-17, 1979

TIME

Aug 10 0600
1630
1700

1930
2030

2345

2400
Aug 11 0107
0413
0525
0631

0813
0945

1123
1325
1445
1630

1846
2115
2302
Aug 12 0032

LANDMARK X DISTANCE
ABEAM (nm

)

Loading Anvil Island

Loading complete

Away Anvil with Tloaded

Logger
Arrive Centre

Bay

SHIP'S HEADING
(OTRUE)

Barge anchored and away

to Vancouver

Away with Straits

Traveller
Second Narrows
Pt. Atkinson
Pt. Roberts
East Pt.

Turn Pt.

Discovery Ist.
Race Rock

Sheringham
San Juan Pt.
Buoy J
Pachena Pt.

Amphitrite Pt
Lennard Isl
Rafael
Estevan Pt.

X

x 5.2

x

X 9.
x 10.

O — B W
w O N B~

N W w o

ol O

230
132

170

212
270

292
292
292
291

307
308
308
330

SPEED MADE
GOOD SINCE
LAST ENTRY

10.5

11
10.8

REMARKS
(Technicians _
observations in
brackets)

(clear, calm no
swell)

Lt. WSW wind. Chop
(wind WSW 15, waves
2' west'ly)

(clear wind W5-10,
waves 1-2', 2'
swell from W
period of 10 sec.)
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Table 22:-cont'd

TIME

Aug 12

Aug 13

Aug 14

0253
0403
0515
0630
0715
0900
2300
2330

0003
0132

0230 -

0349
0559
0834
1040

1319

1605

1807

2105

0010

0140
0230

LANDMARK X DISTANCE SHIP'S HEADING
A BEAM (nm) (OTRUE)

Nootka Lt.

Canal Is].

Tsowan Narrows
Arrive McBride Bay
Secure for loading
Start loading
Loading completed

Away McBride with
loaded Traveller

Steamer Pt.

Esperanza Bouy 230
Ferrer Pt. X 6.6 154
Banjo Pt. x 8.75 154
Estevan Pt. x12.5 126
Rafael Pt. x13.9 126
Lennard Is. x12.3 122
Amphitrite Pt. xl11.1 110
Pachena Pt. X 5.7 120
Buoy J x .4 120
Slip Pt. X 2.5 110
Bouy J.A. 080
Race Rocks

Shorten up

trade barges
with Island
Commander

SPEED MADE
GOOD SINCE
LAST ENTRY

slow

7.4
7.9
7.9
7.6
7.85

Variable
7.7

8.5

REMARKS

(Technicians
observations
brackets)

Thick Fog
Thick Fog

Calm, Low S.W.
motion

Fishing vessel
(cloud 8/8, wi

E;'S; 2---swel 1

from W @ 11 s

Lt. S.E.Low S
motion

(cloud 7/8,ca
2' swell from
at 10 secs.)

i
i
I
l

S
n

€

1
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TIME LANDMARK X DISTANCE  SHIP'S HEADING SPEED MADE  REMARKS
A BEAM (nm) (O TRUE) GOOD SINCE. (technicians
LAST ENTRY observations in
brackets)

Aug 14 0415 Away with loaded
Logger

0535 Race Rocks

0746 Sheringham x 4. 273

1025 Sombrio Pt. X 6.2 293

1251 Bouy J X .85 298

1448 Pachena Pt. X 5.8 290 8.5

1720 Amphitrite Pt. x 11.0 295 8

1835 Quisitis Pt. x 13.2 305 7.5 (cloud 7/8, 1-2'
W. swell at 10
sec.)

2031 Lennard Isl. x 10.66 312 7.3 Lt.W.,W motion

2231 Rafael Pt. x 10.5 315 .

2400 Estevan Pt. Thick fog

Aug 15 0303 Nootka Lt.
0412 Atrevida Pt.
0551 Victor Isl. x 2.0
0630 Arrive Gold ?

River }
0825  Sand Pt. Chief - |
Arrives
0835 Open Valves
0930 Dump

1250 Tahsis Narrows
1350 Arrive Zeballos
1420 Secure for loading
1515 Start loading

Aug 16 0530 Completed loading

0600 Away from Zeballos
with loaded logger

0738 Centre Isld. X .3 242

0821 Esperanza Bouy x .2 190 . 8.4
1016  Bajo Pt. X 7.6 150 7.8
1240  Estevan Pt. x 9.9 128 7.3 S.E. 5 rippled
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Table 22:-cont'd

TIME LANDMARK X DISTANCE SHIP'S HEADING SPEED MADE  REMARKS
A BEAM (nm) (© TRUE) GOOD SINCE (technicians
LAST ENTRY observations in
brackets)

Aug 16 1453 Rafael x 11.8 ’ 128 7.8 S.E. 5 rippled
- 1658 Lennard Is1. x 12.0 133 7.6 (1-2" W. swell
at 10 sec)
1816 Quisitis Pt. x 13.3 133 8.5
1907  Amphitrite Pt. x 13.7 110 8
2156 Cape Beale x 9.6 106 7.6 Fog
2333 Pachena Pt. x 7.4 105 8.3 Fog
0042 Bouy J 108 7.2 Fog
0210 San Juan Pt. x 3.7 112 7 Fog
0327 Sombrio Pt. x 3.1 115 6.8
0440 San Simon Pt. x 3.5 105 6.3 Clear
0557 Sheringham Pt. x 2.0 108 5.9 Clear
0830 Race Rocks x 2.0 058 6.4 Clear
1025 Discovery Is1. x 2.0 7.5 Clear Lt. We?t'
Yy
1137 Kellett Bluff x .35 340 8.
1222 Turn Pt.. _ 9.0
1325 East Pt.
1445 Pt. Roberts x 3.1 315 9.2

1613 Sand Head
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Figure 89. D.C.M.U. ratio vs distance along cruise track - RV004.
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2.5 Cruise RV0O05: September 8 - 11, 1979
2.5.1 Logistical Summary of RV005

The technicians were dispatched on the evening of September 6th, by
rented float plane to Anvil Island in Howe Sound where they boarded the
Rivtow Viking. The next morning gale force winds forced curtailment of the
barge-loading operation for 12 hours, consequently the tug did not leave
until 0200 on September 8th. The following day at 1500 the tug and barge
arrived at Gold River and dumped the load of logs, then proceeded to load
the Straits Logger. At 1000 hours on September 10th the barge was loaded
and heading south, arriving in Vancouver for crew change late on September
11th. The technicians remained on board until the following morning when
they were met by sea plane and returned to Patricia Bay.

The motion of the ship's bows in a following swell and the technicians's
resulting seasickness on the northbound leg of this cruise reduced the number
of discrete samples taken between Cape Flattery and Estevan Point. ‘A total of
37 samples were taken for the cruise. DCMU numbers aré available for 35 of
these and 31 phytoplankton and zooplankton samples were obtained. No surface

data was collected for this cruise.

2.5.2 Data Summary and Discussion

The pump and continuous monitoring gear were turned on at 0300 Septem-
ber 8th as the Viking passed Gambier Island on its way out of Howe Sound.
Discrete sampling began 5 hours later near the southern edge of the Fraser
River plume (Figure 91). Continuous data (Figures 92,93) indicated an abun-
dance of particles and elevated chlorophyll fluorescence in this warm low
sa]inity* water. Depressed nutrient concentrations at the low salinity stations
(5.1, and 5.34 to 5.37) suggest that either the supply of nutrients of Georgia

* Figure 97 illustrates the difference between discrete and sensor salinity
for cruise RVO05. Continuous data are high by about .5 ppt on the north-
bound leg and by about half that on the southbound portion of the cruise.
The scatter is about =*.3 ppt with the largest error coming in very Tow ;
salinity Fraser River water. i
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Strait was low at this time, or that they were being depleted by large phyto-
plankton populations present. The latter seems more likely if the nutrient
levels in Fraser River water are as high as those reported by Stockner et al.
(1979). An alternative source of nutrients in the southern part of Georgia
Strait might be entrainment of the deeper nutrient rich waters exiting
Boundary Passage.

As was the situation during earlier cruises, the turbulent waters in
Haro Strait and eastern Juan de Fuca were cold and saline,exhibiting high
nutrient concentrations, low fluorescence, low chlorophyll concentration and
low zooplankton populations. Seaward of Race Rocks temperatures began to in-
crease and salinity decrease, as these waters mixed with'oceanic' surface
waters. The TS plot in Figure 98 and the continuous data (Figures 92, 93)
illustrate that this boundary fell between stations 5.6 and 5.7 (near Port
San Juan) on the outward trip and much further east between stations 5.29 and
5.30 (off Race Rocks) on the south side of the strait sampled on the return.
Large steps in the continuous temperature and salinity records of this region
are a result of the presence of eddies in this region on both transits.
Figure 112, a NIMBUS-7 infrared image acquired September 11th while the Viking
was off Victoria, depicts these eddies dramatically. The cold (white) water
can be seen in eastern Juan de Fuca and along the Canadian shore in a narrow
band extending as far as Port San Juan (the inlet near the western end of
Juan de Fuca). Warm (grey) coastal waters which ship data showed possessed
salinities of near 31 O/oo, were penetrating eastward into Juan de Fuca as
far as Port Angeles. These less dense waters were also spreading north in
the region of Sheringham Light, making the boundary between the cold and warm
waters serpentine. This is in agreement with the interpretation of earlier
Viking data and of airborne remote sensing data and with the observation by
Herlinveaux and Tully (1961) that cold pools, formed in Juan de Fuca east of
the Victoria-Port Angeles sill and in the San Juan Islands, move west out of
the strait along the northern side. As elementary calculations show, the
nutrients they export to the outer coast are considerable (Mackas et al., un-
published manuscript). A priori reasoning leads one to expect high primary
production and standing stocks where increasing stratification and stability in
these waters decreases losses of phytoplankton through mixing. Where this
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occurs the increased phytoplankton growth rates resulting from elevated nutrient
availability will be realized as increasing standing stocks. This apparently
does not mean that the seaward boundary of the Juan de Fuca water will always
exhibit large phytoplankton standing stocks, as during September, larger,
chlorophyl1 concentrations (which were relatively low, ~4~mg/m§)=were observed
in the warm coastal waters than in the cold waters. This may be related to the
intensity of vertical stratification and the 'age' of a particulate parcel of
Juan de Fuca water.

At the time of the northbound leg of the cruise (September 9th), the
surface waters of the outer coast north of station 5.8 became progressively
more saline and cooler until the effects of land drainage and warm fresh run-
off waters were encountered just off Estevan Point and into Nootka Sound.

The situation was similar on the 10th and 11th of September except that a body
of water with salinities near 31.3 ppt was observed at stations 5.22 to 5.24
(between Cape Beale and Carmanah Point). The fact that these stations were
further offshore than the northbound track is consistent with the suggestion
that low salinity water travelling north along the Washington coast continues
to hug the Canadian coast.

In September, as in previous months there was a high negative correlation
between temperature and nutrient concentrations. The relationships illustrated
in Figures 10l and103 are much the same as earlier shown for cruises RV003 and
RVO04 with waters of intermediate temperatures (i.e. those areas in boundary
or intefmediate zones) with nutrient concentrations most anomalous. - As said
earlier, these stations also usually possess the highest chlorophyll a concen-
trations.

In September, the relationship between in vivo fluorescence and chloro-
phy11l a (Figurel07) remained similar to that in August (cruise RV004) for
some stations, but as Figure 108 shows the cold, high nutrient waters of eastern
Juan de Fuca (stations 5.2 to 5.6 and 5.31 to 5,34) exhibited greatly elevated
fluorescence yields. About 65% of the variation of fluorescence yield can be
related to variations in nutrient concentrations or temperature (see Table 28 ).

PO ——
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There is a closer (rz = 77%) negative relationship with percent chlorophyll,
however, Table 28 and examination of earlier data shows .cruises RV003 (July)

and RV004 (August) to exhibit relationships with similar slopes but poorer
correlations. Slovacek et al. (1977) have shown that high fluorescence yields
are observed when the algae are growing very slowly due to nutrient limitation
or various sorts of inhibitation. In eastern Juan de Fuca nutrient Timitation
should not be a problem, however since the water column is homogeneous to the
bottom (Herlinveaux and Tully,1961) cells will spend a large proportion of the
time well below the compensation depth. This could be expected to result in
low growth rates and high percentage of chlorophyll degradation products in

the cells, (lower % chlorophyll). By this logic, eastern Juan de Fuca phyto-
plankton was moribund or slowly growing and that at stations 5.8 to 5.10 and
5.20, 5.21 and 5.25 which were all in the region of lower offshore salinities
(discrete salinities near 30.5) were more healthy. Without other data such as
primary production measurements it is impossible to be certain since the elevated
fluorescence values in this region could be a result of the presence of detrital
chlorophylls of other than phytoplankton origin. The DCMU ratios (Figure 109)
are very erratic and offer 1ittle information to this discussion.

Zooplankton counts were Tower than in August for all regions. Continuous
measurements for September (Figures 92 and 93) show relatively high numbers in
Georgia Strait, but decreasing in Boundary Passage - Haro Strait to very low
numbers in East Juan de Fuca (Turn Point to Discovery Island and stations 5.2
and 5.3 in Figure 110). A second large concentration was encountered in Juan
de Fuca between Race Rocks and San Juan Point in the transition to 'oceanic'
water which was crossed in late afternoon. Very few particles were encountered
during the night of the 8th along the outer coast. On the return trip counts
were again low except for a small patch off Lennard Light and another area off
ST1ip Point (around station 5.27) near dawn of the 11th. This second patch is in
the same position as the one observed on the outward transit and also near the
eastern most extension of the 'oceanic' surface waters. Large zooplankton pop-
ulations were also counted in the warm, low salinity waters of Georgia Strait
on the return trip. The large temperature and salinity changes constituting
boundaries of this water relate with the distribution of zooplankton abundances
and agree with observations by Parsons et al (1970) of increases in chlorophyll
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concentrations and zooplankton in and around the Fraser River plume using discrete
samples and net tows.

2.5.3 Coincident Satellite Imagery

The thermal infra-red image in Figure 112 discussed earlier is from the
Coastal Zone Colour Scanner (CZCS) on board the American NIMBUS-7 satellite taken
September 11, 1979 coinciding with the September RV005 cruise. The magnetic tape
for this image was received from the Scripps Institute of Oceanography receiving
station by Dr. J.F.R. Gower of the Remote Sensing Section at the Institute of
Ocean Sciences. The digitized radiance data on magnetic tape was printed as grey
" tone variations on a Versatec 1100A printer-plotter. Selected parts of the
digitized radiance information from the image (which could not be geometrically
corrected for distortion) corresponding to approximate station locations, were
averaged to reduce effects of noise and banding. The areas averaged were 2 x 2
pixels, representing areas of 1.6 km square. The sensor temperatures recorded
at cruise RVO05 stations and at Sheringham and Race Rocks lighthouses, are com-
pared to the appropriate satellite data in Figure 111 providing a field cali-
bration for the image. Despite the uncertainties resulting from the distortion,
which is worst for station 5.31, the agreement is good to about +1 grey scaie
level (omitting station 5.31, standard deviation is 0.46°¢C).

The CZCS also views the earth in 5 other bands at visible wavelengths
disigned to allow inferences regarding chlorophyll and suspended content to
be made. Unfortunately, the magnetic tape received did not include all 5 bands
and this lack of data meant these inferences could not be made.
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Table 24;

REFSREMUE Dia FOR SHIFS OF GRPORTLRNITY

LATITUDE

ST 3 CDATE JOATE  TIME
5.01 B/ Q/FF 251 815  48-55.0
S.02 B 977 251 1000 48-43.2
S.03 BS §/FF 253 1200 48-24.3
5.04 B SSFF 251 1332  48-18.9
S.05 8BS T/S7F 251 1500 48—156.1
S5.06 2B 9579 251 1730 48~20.5
S.07 B F/FF 253 1700 4824 .0
S.08 87 97 251 2015 48-27 .4
S.00 B §/F7F 251 2115 48-30.5

X 5,10 7 FITF 252 33 48~4Z.2

eL.il T/ QST 252 538 49— .5
S.17 BF QST 252 1145  49-33.7
S.13 10/ SS9 253 1303 49-28.2
S.14 107 GSFF 253 1460 49-23.8
S.15 10/ 9/7F 253 1501 49-18.5

F5.16 107 9SFF 253 1800 49-13.2

FSL1F IO/ BSFF 253 1720 40— 5.5

—~ 2. 18 ioFS Q7T ZSE 153¢ 4B8-58.5
S.1%7 105 FSFF 253 1930 48-54 .4
Se20 107 PSFF 2S3 0 2030 48-50 .0

X 5,21 10/ ST 253 2130 48—4&.2 M

X F.22 107 9/7F 253 2230 48—40.2 N
S.23 107 9/FF 253 2330 48-35.2 M
S.24 11/ P/T7T 254 201 48-2F.8 N
S5.25 11/ 9/7%F 254 305 48B-27.0 N
S.25 117 @SFF 254 402 48-23.4 b
S.27 11/ BSFE IS4 S0E 48-20.6 N
S.Z8 11/ /7% 254 FOo4  48-15.2 H
5.2 1iF 9STF 254 200 48—-13.2 M
5.30 117 /7% 254 P00 48-15.0 N
5.31 11/ 9/FF 254 1000 48-12.5 N
S.32 11/ 9SFE IS4 1100 $8-24.5 N
S.33 11/ 9/7F 254 1321 48-40.0 N
S.34 11/ 979 254 1500 48—46.8 M
S5.35 11/ /79 254 1403 48B-52.86 W
S5.35 11/ B/79 D254 1705 48-S57.7 M
5.37 117 B/FF DS54 18064 2 49— 1.0 M

A A A A S A Sy A S il A A S Ay A S A A A 4

LONGITUDE

123— 5.0
123-12.5
12349 .0
124~ &.0
124-12.5
124-33.0
124—-43.6
125-146.0
126— 2.9
12637 .0
12644 .5
126—42.0
126-34.7
1286-286.0
128—14.9
1286 2.3
125-51.2
125-42.0
125-33.2
125-22.5
125-14.0
124-55.0
124—44 .9
124-32.5
124-20.8
123-54.3
12337 .0
12329 .0
123-21.90
123~-12.9

123-15.9

123-11.0
123-146.90

EEEEEEECEEEEEEEEEEEEEEEEEEEECEEEEEEEEE

DIs

103.
130,
156,
185.
214,
236,
253.
270,
284,
334,
406,
480.
472,

450 .
435.
416.
378.
382.
369.
356
339.
326.
297 .
282.
267 .
251.
219.
204 .
172.
8.
166,
iz8.
120.
110.
PS5,
86.
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Table 25:

INLINE DAaTa FOR SHIPS OF OPPFORTUNITY

CRUISE RV-5

STN #

S.01
S.02
D03
S04
D05
S.08
D07
S.08
S 09
S.10
S.11
=l
S.13
S.14
Se15
Sl
S.17
S.18
S.17
D620
Se.21
Sl
S 23
D24
S 2D
S.26
e 27
S.28
S 29
S 30
.31
D32
S.33
e 34
D30
De3S
S 37

S5enN T

12.72
10.41
16.07
10.56
12.28
11.39

14.52

15.47
15.53
15.61
14.48
15.30
i4.256
14.25
14.0%
13.3%
15.62
15.80
15.96
15.464
1iS5.22
15.77
15.78
15.01
1S5.70
15.83
15.03
13.95
14.83
12.13
10.21
10.25
10.25
11.463
11.086
14.33

15.2

SEM SAl. DIS SAal 516G

27 + 5%
31.57
32.246

- 32.13

3227
32.25
32.20
30 .94
31.00
30 .96
- B32.30
26.71
30 s 44
30 .79
32.11
32+ 43
32.00
3i.77
31.22
31.20
31.23
31 .50
32.11%
31i.14
34 . B
30.77
30 . 568
31.2&
30 .73
31.88
32.00
31.60
31.35
28.81
27.29
21 .63
17 .8%

23.51
2P .26
31.42
31 .60
31 .65
31.67
31.32
303 .58
33 .51
3. 7%
31.47
30 .04
26.33
30 .34
30 .97

 32.16

3Z.03
31 .65
31.14
31.08
31 .64
3i.28
31.65
31.26
30,53
30 . 66
ot
3077
30.81
31 .24
31.69
31 .45
31.41
27.88
27 o iddr
24 .55

20.06

20.71
24.25
24.83
24 54
24 .45
24 .59
24 .54
2277
Z2.81
22.78
24.03
17.57
ZZ2.4F
22.92
23.98
2%4.32
23.56
23.35
- Z22.88
22.94
23.05
23.21
23.&0
23.02
Z2.862
22. 58
2287

——

23.34
22.96
24.17
24 . &0
24,29
24 .07
21.8%
22.35
15.87

12.85

MNO2

]
-

]

i

+ 28

« 50
.94
2 22
23
+12
+ 10
+OF
0T
+17

+18
e 22
+ 23
+15
+2B
+ 10
+ 10
07
+DE
228
03
07
+ D&
+07
+15
«17
+14

+ 30

+17

MO

22.97
24,355
15.13
18.74
12.78
S.32
2. 40
4,40
4,41
15.32
7.12
3.7
7 .84
8.40
&.51
2.31
1.18

+ 2T
2.91
2:.45
205

+ 23
1.47
247
2.72
& 77
770
&.18

i3.2%
i?.33
23.51
14.84
11.840
4 .38

J+ 35




A
wq

1.96
+ TS

- 4
L A

+F3
+8H
+F7
1.87
+.83
]
1.313
+ 74
1.13

-
*» 7

+ 51
+ 5B
+ 54
+ 43
» b
« &7
1.50
1.61
+ SO
+ &b
« 53

o
* 34

-7
g =
+ 83
1.25
1.80
+ S8
» 0
1.03
N

-» Lap a4
4 S

Ei-gx;
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Table 26:
OFFORTUNITY
it 5EN FL
o711 248.
+ 52 235.
+ 0 233.
+ I 243,
+ &7 I34 .
+» 54 282.
7 293 .
+83 21F.
82 210 .
277 173.
+ &4 185.
5 211.
« 70 147,
ti? 1-.5?0
+TE 137 .
+ &F 1431,
« 75 133,
«58 1i75.
v 175.
+71 165,
77 170,
+B6 170.
73 147 .
+83 172,
«80 1538.
+84 1S4,
+71 igi.
+ S8 225.
«58 209,
« 40 233.
+&F 233.
54 2484 .
+ 3F 262.
« 47 335
+ 77 =88.
» 73 S44 .
0?6 S:; -

FL Y&r Z0O0 #

28.82
147.41
B05.35
277 .48
17700
164.42

85.48

S52.74

48.17

37 .37
137,47

74.71

B20.85

B2.567

B4 .52
144 .04

7 .07
148.07

71.31

44 . 34

S51.58

&E8.77

82.74

B6.53

44 .3%
&4 .74
F2.32
126.79
72.18
222 .35

180.07

361.82
377.94
384.18
&P .35
82.94
86.22

7.
£3.
22,
5.
i182.
87 .
324.
141.
5.
$5.
37 .
21.

4,
25
45,
137,
105.

121,
F2e

=
*

113.
43.
47
&7 .
175,
&4 .
P7 .
85.
35,
12,
38.
256.
38.
101.
200.

DCMy #

=
*

+ 39
45
+48

+31

o 47

&2

£ 52




Extract from Ship's Log - Cruise RV0O05 - September 8 - 11, 1979
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Table 27:

Landmark x distance Ship's Speed made Remarks (techni-
Date Time abeam (nm) Heading since last cian's observations:
(° True) entry in brackets) ‘
Sept. 8/ 0200 Away Anvil Island
79 with loaded Logger
0400 Cowan Pt. x 0.7 193 6. S.E. 15, choppy
0550 Sand Heads 135 6.7 S.E. 15, choppy
0920 East Pt. x 1.0 265 8.5 Strong S.E., rough
chop
1020 Turn Pt. x 1.0 169 9.8 Lt. E., 1t. chop
1200 Discovery Isl. x 0.9 235 10.2 Lt. E., Tt. chop
1400 Race Rocks x 1.4 264 10.5 Lt. S.S.E., 1t.
rain
1610 Otter Pt. x 4.3 283 6.3 Lt. W. breeze
(cloudy, calm, 1’
swell from west)
2000 San Juan Pt. x 5.0 292 7.3 (cloudy, winds west
0.5, ripplies, 1'
swell from west
period of 4 sec.)
2145 Bouy J. x 1.0 292 7.6 Mod. Ely., Tow
S.W. swell
2350 Pachena Pt. x 4.3 297 8.0 Lt. S.W., Tow S.W.
- swell
Sept. 9/ 0245 Amphitrite Pt. x 5.4 293 7.5 Lt. S.W., Tow
79 S.W. swell
0505 Lennard Isl. x 10.4 307 7.8 Lt. S.W., Tow
S.W. swell
0730 Rafael Pt. x 12.3 315 7.4
0950 Estevan Pt. x 6.4 352 7.3
1200 Nootka Lt. x 0.6 Var. 7.9
1500 Arrive Burmon River
1515  Open VYalves
1620  Dump
1800 Start loading
Sept. 10/
79 0945 Away Gold River with
lToaded Logger
1120  Atrevida Pt. '
1215  Nootka Light x 1.0 220 (winds west 10-15,
1' waves from west
2-3" swell from
west, period of
6 sec.)
1438 Estevan Pt. x 3.7 134 7.2 Lt. S.W., Tow
S.W. swell
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Table 27: - cont'd

Landmark x distance Ship's Speed made Remarks (techni-
Date Time abeam (nm) Hgading since last cian's observations
(” True) entry in brackets)
1816  Lennard Is1. x 9.2 121 8.1 (clear, winds west

5-10, 1' waves
from west, 2-3'
swell from west,
period of 6 sec.)

Mod.
2055 Amnhitrite Pt. x 8.0 121 7.8 Mod.
2355 Pachena Pt. x 8.5 114 7.6
Sept. 11/
79 0235 Bouy J. x 1.8 115 6.6
0540 Slip Pt. x 2.2 03 8.5
0810 Bouy J.A. 080 9.7
0900 Race Rocks 065
1100  Discovery Isl. 005
1330  Turn Pt. x 0.4 Var. 6.8 clear, calm
1503 East Pt. x 0.7 Var. 6.7
1703  Tsswwassen x 3.0 314 7.2
1830 Sand Heads 005

2100  Anchorage Z English
Bay
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Figure 112. NIMBUS-7 thermal infra-red image for September 11,1979
(cruise RV005). Symbols indicate the approximate location
of stations; stipple indicates cloud contamination._White
represents coldest surface temperatures with warmer areas
appearing as darker shades of gray/black.
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2.6 CRUISE RVO06: October 20 - 30, 1979

2.6.1 Logistical Summary

The final cruise aboard the MV Rivtow Viking for the ships-of-opportunity
feasibility study occurred from October 20 to 30, 1979. The tug and barge de-
parted Center Bay bound for Nootka Sound at 0900 on October 22, 1979. As part -
of investigations into the problems plaguing the thermoconductivity sensor,
which were thought to be partly due to ground loops between it and the fluoro-
meter, zooplankton sensor, and ship ground, two separate data logging for
conductivity and temperature were collected using Seakem's thermosalinograph
and electronics while continuous data for zooplankton and chlorophyll fluores-
cence were collected using Seakem's monitoring equipment and Ocean Ecology's
data logging system (Figure .113). Routine discrete samples were collected at
regular intervals from Howe Sound to Pachena Point, where rough water caused
a reduction in sampling frequency until Nootka Sound.

Following the 1og dump in Gold River at 0830 on October 24, 1979, the
tug and barge proceeded north to Kyuquot Inlet to Toad in Amai Inlet. Con-
tinuous data and one discrete sample were collected in this region. Prevail-
ing 60 knot SE winds kept the barge Toaders away until 0900 on October 26, 1979.
Loading was completed and the tug and barge were underway at 0800 on October 27,
1979 steaming twoard Nootka Sound. No discrete samples were collected although
continuous information was again collected until about 1800 when Nootka Sound
was reached. Difficulties while unloading the barge and damage to the barge
generating plant delayed unloading for twenty-four hours and then forced the
vessel to return to Vancouver with an empty barge, departing Gold River at 1200
on October 29, 1979. Continuous data and routine discrete samples were collected
during the return voyage. The ship's cruise track and discrete station locations
are plotted in Figure 114 .

Discrete sampling was spread over the entire cruise length with the excep-
tion being the short leg up to Kyuquot Inlet and back to Nootka Sound. Rough
weather and seasickness again produced several gaps in the routine discrete

LIBRARY
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sampling program. Forty-one sets of in-line discrete samples (salinity, nitrite,{

nitrate, phosphate, chlorophyll, and phytoplankton) were collected. At thirty-

nine stations the change of in vivo chlorophyll fluorescence following the addi- f

tion of the herbicide DCMU was observed. Salinity samples were also collected,
for comparison purposes, from a tap at the bubble trap air bleeder nearly
cynchronously with those collected from the zooplankton net trap spigot. This
tap was very near the Seakem thermosalinograph (Figure 12). A thermometer
inside the bubble trap was used to record sea water temperature near the
thermosalinograph.

The equipment was completely dismantled and packaged for removal on
October 31, 1979. The technicians and all of their equipment were returned to
Sidney via truck and ferry. The plumbing arrangements from the pitot tube into
the forward hold were capped and the discharge Tines were dismantled and the
valve closed and plugged.

2.6.2 Equipment Malfunctions

In an attempt to explain some of the irregularities seen in previous
salinity data we tested, the hypothesis that having several different power
electrodes on a common seawater loop caused their respective grounds to be at
different potentials. The Seakem data Togger (#1 in Figure 113, powered by
ship's 120 VAC, was connected to the Seakem thermosalinograph (#1) and to
the Seakem digital printer (#1) which was powered by an internal nickel-cadmium
battery pack). The logger and the printer were mounted in the same rack.
Inputs to the Ocean Ecology data logger (#2), also powered by ship's 120 VAC,
were the fluorometer and the zooplankton pulse processor (through the timed
frequency counter), all of which were also powered by ship's 120 VAC. This
logger output information to Ocean Ecology's digital printer (#2), powered by
its own internal nickel-cadmium battery pack, and to the strip chart recorder.
This logger-printer combination was fastened to the desk top adjacent to the
rack. Thus, it was hoped that the thermosalinograph circuit was isolated from
the fluorescence/zooplankton circuits.
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During translation of the thermosalinograph magnetic tape record, the
singal degenerated to the point where the translator could no longer recognize
signal from noise and therefore stopped translation after about 30 hours of data.
The translation of the fluorescence/zooplankton magnetic tape progressed similar-
ly. However, eight hours into the cruise, at approximately Turn Point, the con-
ductivity signal began to oscillate quite strongly and apparently about a mean
(see Figure 115). This lasted for thirteen and one half hours whereupon this
noise disappeared and the conductivity signal began to resemble that previously
observed. This lasted for only four hours and the signal once again degenerated
and was finally lost. The problem seems to have been with the data logger's
ability to write to tape, since sensor temperature data were recorded by the
digital printer at the time of the discrete sampling.

2.6.3 Data Summary and Discussion

Figures 115 and 116 show a gradual cooling from Howe Sound into Haro
Strait and Juan de Fuca Strait as far as Sheringham Point (between stations 6.8
and 6.9) on the northbound passage. The cool (~10°C) relatively saline (>32
ppt) waters at the western end of Juan de Fuca were separated from much warmer
(~140C) coastal waters by a very sharp thermal front (Figure 115 and TS diagram
Figure .118) which also marked the westward extent of the high nutrient Juan de
Fuca waters (Figures 119 and 121) and the location of the largest concentrations
of chlorophyll a encountered on this cruise (Figure 124). As with previous
cruises, the chlorophyll a maximum occurred at the outer end of the Juan de Fuca
water and straddling the boundary.

The 14°C water present between Carmanah Point and Cape Beale (stations
6.9 to 6.12) contained Jow levels of nitrate and phosphate (Figures 120 and 122)
although with decreasing temperatures north of Cape Beale, concentrations of
both nutrients and chlorophyll a increased (Figurel24 ).

The return passage was not made until 7 days later and by this time the
situation had changed somewhat, perhaps due in part to very strong southerly
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winds and sustained heavy rains which had been experienced in the interval.
Except for cool (11.50) relatively fresh (31.85 ppt) water at station 6.16

and slightly warmer but less saline water at station 6.17 the waters along the
outer coast were considerably warmer and about .5 ppt less saline than on the
northbound passage. Nutrient concentrations were generally lower than on
October 22, however nutrients, salinity, chlorophyll and to some extent temp-
erature show that the waters present on October 30th were much less homogeneous.
Two small areas with lowered salinity, end temperature and elevated nutrients
which were present at stations 6.24 and 6.25, and at 6.29 may represent land
drainage.

The position of the Juan de Fuca/oceanic water boundary at this time,
and on the south side of the Strait of Juan de Fuca was considerably farther
east than observed October 22 (Figure 116). In the infrared image (Figure 127)
available for the following day, a large body of warm water can easily be seen
hugging the Canadian shore. This warm water was not sampled on the northbound
passage and it is possible that it represents coastal waters exiting the Straits
after a minor incursion (this possibility is suggested by the shape of the eddy-
like features in Juan de Fuca seen in the September 11 and July 14 images)
associated with strong and persistent southerly winds the week previous. This
image also shows cold runoff waters flowing northwards along the coast in res-
ponse to the persistent southerly winds in the latter half of October. These
cool (11.5 OC) less saline (31.85 ppt) waters were sampled at stations 6.15 to
6-17 off Nootka Sound).

—— e
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Table 32:

Extract from Ship's Log - Cruise RV006, October 20-30, 1979

Remarks
“Landmark x distance Ship's Speed made (Technicians'
Date Time abeam (nm) Hsading good since observations in
, (7 True) last entry brackets)
Oct. 20, 1979 1950 Malaspina St. alongside
2150 Roger Curtis Run slow
2300 Gower Pt. clear, calm,
smooth
Oct. 21, 1979 0045 White Rocks x 1.5 4
run slow
0200 swing around off Trail waiting for 0700
Island dump
0500 Gower Pt. x 0.6 4.2
0615 Cotton Pt.
0800 Leslie Ann assist.
0808 valves open
0833 clean dump
1000 all secure Center Bay
Smitty assist.
Oct. 22, 1979 0900 letting go Center Bay
0925 ~away Center Bay
1120 Roger Curtis x 0.4 175
1330 T.A. Bouy x 1 135
1500 Tswwassen x 4.1 136 .7 S.E. chop
1640  East Pt. x 2 var. .8 fresh S.E. chop
1830  Turn Pt. x 0.5 171 light S.E.
1930 Kelp Reef x 0.85 176 8.3
2020 Discovery Island x 1 211 8.7
2155 Race Rocks x 2 268 7.0 calm smooth
2225 Beechy Head run out 7 wraps
2345 Sheringham Pt. x 3.4 288 9.8
Oct. 23, 1979 0255 San Juan Pt. x 5.4 292.6 7.4 E.w15 chop, Tow
- 0507 Buoy J. x 1.9 291.6 5.1 N.E. 15 chop,

Tow S.W.
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Table 32: - cont'd

Remarks
Date Time Landmark x distance Ship's  Speed made (Technicians'
abeam (nm) Hgading good since observations in
(" True) last entry brackets
{cont'd)
Oct. 23, 1979 0730 Pachena Pt. x 5 291 6.9 S.E. 15-20 MSWS*Q
0815  Cape Beale x 7.2 295 7.9
1030 Amphitrite Pt. x 8.7 305 7.3 E. 15-20, MHSWS |
1320 Lennard Island x 9.3 305 7.0 |
1530 Ratall Pt. x 10.8 var. 7.2 MSWS
1715 Estevan Pt. x 9.2 334 7.7
1820 Split Cape x 10.2 360 8.7 S.E. 20 & LMSWS
2030 Nootka Light x 0.8 050 7.0 LSWS
Oct. 24, 1979 0830 clean dump
1014 Anderson Pt.
1053 Nootka Light x 0.7 225 10.2 N.E. 15-20
1125 all clear Nootka 270
1150 Bajo Pt. x 5.5 312 N.E. 20, choppy
1355 Tatcher Pt. x 6.2 338 12
1515 Rugged Pt. x 0.25 9.3 barometer drop-
ping fast
1635 anchored Amai Inlet
Oct. 25, 1979 full anchors, waiting Imp. Tofino
reports S.E.60
Oct. 26, 1979 0900 loaders aboard
2200 Gale S.W.
Oct. 27, 1979 0714 away loaded barge
0815 Rugged Pt. 215 MSWS
0845 Kyuquot Buoy x 0.2 197 MSWS
1000 Rugged Pt. Big x 8 160 4.5 SSE 15-20,MSWS
1110 Catala Island x 10 160 4.5
1320 Ferrier Pt. x 9.1 140 5.0 S.W.20, MSKWS
1800 Nootka x 0.7 050
1830 Zuciarte Channel

* MHSWS moderate/heavy SW swell; LMSWS light/moderate SW swell
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Table 32: - cont'd

Remarks
Landmark x distance Ship's  Speed made (Technicians'
Date Time abeam (nm) H8ading good since observations in
(° True) 1last entry brackets)
Oct. 28, 1979 0832 logs fall off top
0900 no dump
1045  loaders aboard blow out light
plant engine
1430 start unloaded -
1800 stop/dark
Oct. 29, 1979 1205 underway
1400 Nootka Light x 1 205
1417 POS x 2.1 185
1525 Estevan Pt. x 2.8 161 9.3 S.E. 25 choppy,
Tow SW
1615 towline out SE 25-30, low SW
1735  Rafael Pt. x 8.8 134 6.8 SE 25-30, Tow SW
1845 Cleveland Island x 7.3 134 7.0 SE 25-35, low SW
1940 Lennard Island x 8.8 134 7.85 SE 20-25, low SW
2030 Box Island x 10.25 128 7.44 SE 20-25, low SW
2235 Amphitrite Pt. x 10 117 6.5 ESE 30-35,
Tow SW
Oct. 30, 1979 0200 Pachena Pt. x 5.3 123.6 6. E 30-35 choppy
0440 Buoy J. x 1.2 116.6 6
0750 S1ip Pt. x 3 116 "B 20-25, chop
and swell
0905 Tree Bluff x 3.6 093 .2 chop and swell
1025 Buoy J.A. x 1.3 076 0 E 25-30, chop
and swell
1108 Race Rocks x 3.8 076 9.2 E 20, chop and
swell
1120 in towline
2.5 wraps
1245 10.0 E 15, choppy

Discovery Island x 3.1




- 154 -

13. 09 T T T T T T T T T
12 - =
g 18,90
E
N R .
s 25
Dq 3
Y1y, 90 YL -
R I ZEES Q100
a oW
R I
T - I v 1'\ =
£ ;3 13 M
Mys aal ] 3 3 .
pl2. 00 = h 14
3 15
E 1 / /
R B e : =
R {
a %s
T L 3 4 -
g 19, e L‘-l\s\ <
I -
R
£ L -
3. 0'3 1 ] L - 1 1 L 1 1 1
G.ow 108G, 9% 2¥Q, 9 3II0.9 HAW. @ ERQ. R
DISTANGE

Figure 116.

SHIFS OF QFPORTUNITY CRUISE RV-%

0 .
Sensor temperature ( C) vs distance

32. 59

] L ] ] l8 1 ] 1 [}
- mz M .
/ 12
b 22. 90 ! 27 ',l -
I A {
s B &2 ¥ 28 281790 -
¢ / 8\ 23
R . 355 | s -
£ 31. 50 & s0 | |
7 N A !
E - 39 \ ,l ] ‘ -
/ \\ “\' \
1
£31.00} o Iy -
A ! ‘\ 1 3 !
L 3 gy 12 \
I B [T} 33! 7
N 33 “
I B i
T 39. 50 17
¥
29, ¢Q )| L ) 1 1 L . 1 1 1
.8 160,@ 2£09.0 3I49.0 Y90.0 500.6

DISTANCE
SHIFES OF OPPORTUNITY CRUISE RV-€

along cruise track - RV0OO6

Figure 117. Discrete salinity (ppt) vs distance along cruise track - RVOOé.



- 155 -

1%, 09 T T T T T T T T T
gle. 0ef 5
E
e | ]
g
21w 9 255} .
T - ’??%i%% .
E M 13
My2 0af . -
; C i
R o 1 2 az .
o u1 2
Tia. 90 -4:533 2]
u ) e
R
p 5 4

2. 0Q L 1} ] 1 [] { ] { 1

23. 06 25, 06 27.a8e¢ 23.04 31.00 33.00
BISCRETE SALINITY

SHIPS OF OFPORTUNITY CRUISE RW-6

Figure 118. Sensor temperature (OC) vs discrete salinity (ppt) - RVO06.

39. 90 T T T T T T T T T
_ \ ol _
‘/ \?/
ya/ E -
N 24, 90 i 3.’
) I /323 \
T 2 " 7
R ! \
Riz. 00f / 1 15
2. ,
T \ L 28
E 1 \ | A
1 3\ l‘ ’ll
7 ! 7
12. 9@ \ ‘ [ 14 , -
1384 3 ‘| " / 18/
) - =
- v, | \ \ ,2\&: ) .
* sy N M
& o0 ¥3 \ a3%s E321, -
i ? 4
°. 00 2 R N ] [ I }
9.@ 100. ¢ 209, 3 304.9 4Y8g@. @ 5¢4.0¢
DISTANCE

SHIPS OF OFPORTUNITY CRUISE RW-&

Figure 119. Nitrate concentration (ug.at/L) vs distance along cruise
track - RV006.




MAD Mg
—

-

Figure 120.

MADXOWMOXV
[ =

»n

Figure 121.

- 156 -

o, 99 T ] T T T 7 T T 7
L . 4 .
ERE-1- N ﬁg ~1
)
o)
L . -
15
3. 90 F 18 -
ul e
1
AT
2,98 - .., 25 ~
::'13:«-}
» S 220 13 -
=i
=3
s, Q0 F “:%' -
3
@, ag } 1 ] ] 3 ) ] l- 1
@& 1@ G0 1Z,@9 1d Q@ 18, Q@ 13, wQ

g
SENSOR TEMFAERGTURE

SHIFS OF OFPORTUHITY CRUISE  AV-4

Nitrate concentration (ug.at/L) vs sensor temperature (OC)
- RVOO0S6.

. B0 T 7 T T T T T T T
. Q99 - -
. 999
. 898 I~
. oQQ

-
g0 1 1 ] [ ] L1 )

.6 109, ¢ 290, @ 3240.0 HOR. @ E500.0@
DIZTRHCE

SHIPS OF OPPORTURITY CRUISE RY-6

Phosphate concentration (ug.at/L) vs distance along
cruise track - RV0O6.




MADITTMHOIT

Figure 122.

MeHdDIETTWVWOI™D

Figure 123.

- 157 -

B. @9 T T LI ] T T T T T
Y. 900 .
B y@e .
8
3. 000 e . .
B ? : a
Y 16
2. 990 5 :714 -
118 . o
- 32 1734 Zéo o
41 1315
1. 90¢ Y 3
5 §¥hs 4
7
2. 009 [ i ] i 1 L ] i S S

2,60 10.00 12.909 14.00 15.00 18 00
SEHSOR TEMPERATURE

SHIFS OF OPPORTUNITY CRUISE RY-€

Pgosphate concentration (ug.at/L) vs sensor temperature
(“Cc) - RvV0OS6.

N
5. 999 T T T T T T T T T
Y. 893 | .
- - 32 yo -
3. 909 5
L 37 ) -
16 b
2. 000 |- L » S -
1 15
I B 3 1 33 i
29 13
138 y1
1.0908 [ 9 e 31 -
g% 3525 23
i 25 39 ]
9. G0 1 1 1 1 1 L 1 1 L
- -1 -] €.9@ 12,¢¢ 18.9¢ 24, 900 30, 00
HITRRATE

SHIPS OF OPPORTUNITY CRUISE RV-6

Phosphate concentration (ug.at/L) vs nitrate concentration
(ug.at/L) - RVOOS6.

W




FrrLcI3o03doCITO

Figure 124.

cEToO

Figure 125.

- 158 -

.eol ’ -

-
o

)

—
[ 2]

-.OGF‘

.99

[

o, 90
3.8 190, @ 209,98 200, ¢ HQER. @ Buw 9

DISTANCE
SHIFS OF OFFORTUNITY CRUISE RN-€

Chlorophyll g_(mg/m3) vs distance along cruise track - RV0O06.

1. 998 ] T T T T T T T T
so08 | .
L 52 A -
3 Lok “ v
L ye M oga n ;
. 800 A /) AT
3 1’1 e T
ro 35 o Tiaa
- PR - R AT
S AE o5 sh /
' 1 |- 1
/ \ o o e | 28 =7
Y R O ' 1957
SE—d SRR )
B LI
- e -
r— \33 A~
YT -
L .
a aag 1 i |1 L 1 1 | S I }
o0 le@. % 9@, % TeW. 9 Y29 8 SQd. 3
DISTANGE

D.C.M.U. ratio vs distance along cruise track - RV006.

T




- 159 - |

i1e90. T T T T T T T  —
Le00. 08 .
o
a N -
P
L = -
nsoa. [ ] k
M
K o -y
1
0 ey poo -
" Haa, 3¢
299, 9 | 5 :
I
i 1 (
- Y as.*%ﬁi.-%- ' | ;
) .90 16Q. 9 2903, ¢ 3299.8 4YHoR. 9 50¢.Q@ l
DISTANCE

SHIFS OF OPPORTUNITY CRUISE RW-§

Figure 126. Zooplankton counts vs distance along cruise track - RV0QO6.

i
I
i
i
i
)
v




- 160 -

svanc-
. ..“,..--- .
. ron

wena
g
camat?®

L
annn l
awatP t f

waa

«Fnavee ]
amngieantad

wan

neaw
‘...“‘.-nu-' o ‘

tume e

|
| |

smew
»
~_._‘-«-“‘
-t

sam
wenraeatms !

vau
sam

sew

L3 Rt

o~

.

Lo
..

e Ll !

o war
NI L i
Amn B

sxun
wa -
Loveatfes l !

PR———

-
vt noy

aas
oas
ewa

g smonte

eyl
2 apptae®
11l
EIT Aiid
e
ey

Cre
sapetevetT
anm
»ue
T P Y

FIGURE 127 NCAA-6 Satellite Thermal Infrared Image for October 31,1979



S s

REAN Y

- 161

Table 33

Multiple Correlation Table
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3. SYNTHESIS AND DISCUSSION

A few generalizations can be made about the physical structure, nutrient
chemistry and plankton biomass of Juan de Fuca Strait and the coastal areas of
southwest Vancouver Island based on our observations.

The most important fact to note is the very considerable export of dis-
solved nutrients to the inner shelf area north along Vancouver Is]and'by pools
of cold water generated in eastern Juan de Fuca. These nutrients enter Juan
de Fuca in saline deep water and become mixed into surface waters in the turbu-
lent eastern region of the Strait (Herlinveaux and Tully, 1961) where they then
are moved seaward in the surface gravitational flow. This constant supply of
water having nitrate concentrations in the order of 25 ug at/L and phosphate
concentrations near 2 ug at/L will have considerable effect on the productivity
of the inner shelf.

In sections 2.1 through 2.6 it has been pointed out that the maximum
phytoplankton development as measured by chlorophyll a concentrations occurs
near the boundary between the cold, saline nutrient laden waters exiting Juan
de Fuca along the Canadian shore, and the warmer, less saline and nutrient-
poo coastal water. Generally, chlorophyll a maxima were encountered at the
outer edge of the cold water although in July and September when chiorophylls
less then 5 m97ﬁ13constituted the maxima, these were situated on a wide area to
the north of the boundary. '

The continuous ship data and satellite imagery confirm the fact that
the cold Juan de Fuca water moves seaward along the Canadian shore. In three
months warm coastal water can be seen penetrating eastward into the straits,
with varying degrees of cross channel movement apparent. This type of incursion
by coastal waters has been explained by Holbrook and Halpern (1978) to be the
result of wind-induced sea surface height fluctuations along the outer coast of
Washington State and the mouth of Juan de Fuca. They reported strong coherence
between southerly winds measured at Tatoosh Island (northwest tip of Washington
State) and eastward flowing surface currents in Juan de Fuca. Strong southerly wind
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such as experienced at the time of RV0O06 (see bridge log extracts in Table 32)
can be expected to raise the sea level along the coast through onshore Ekman
transport. This decreases the sea surface slope in the strait slowing seaward
surface flow and allows coastal waters to flow in along the American coast over
time scales of 3-10 days. '

These migrations and cross channel positions of the Juan de Fuca boun-
dary can be seen graphically in Figure 128 which attempts to put all six cruises
into temporal perspective. Data from light stations, other research ships and
one commercial troller have been added where available for Juan de Fuca and
north to Nootka Sound in a band 30 km wide. Some difficulties arise in con-
touring the data especially between Race Rocks and Carmanah Point where cross
channel variation exists, such as evident in satellite imagery; in this region
the contours represent contemporaneous -as well as temporal variability along
the vertical axis. .Where Tlight station data from the north side of the strait
do not agree with ship data from the south side, contours follow the northern
data. Keeping this in mind, it is possible to identify at least two and per-
haps three incursions of warm coastal water into Juan de Fuca as far as
Sheringham Point. |

The first incursion appears in July. The cross channel variation at
this time is visible in both this figure and in Figure 67 (the July 14 TIROS-N
image). The second incursion occurred in September. The ship data suggest
an eastward flow along the eastern side, followed by a cross channel flow
which caused Sheringham temperatures to rise. This interpretation is suppor-
ted by the shape of the warm tongue in Figure 112, the September 11 image.

A third invasion was in progress at the time of the October cruise. The
penetration at this time along the southern shore was almost to the latitude
of Race Rocks, and seems to have been in the process of returning seaward
when the image in Figure 127 'was acquired on October 31st. Whether these

are actually isolated, temporary phenomena or a normal occurrence in Juan de
Fuca is not clear from these widely spaced cruises. Compared to the position
of the boundary during the July, September and October cruises the position
in August was a major extension.
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Figure 128. Variations in sea surface temperature in the study area
throughout the sampling period (May - November, 1979).
Data were compiled from this study and observations from
P.B.S., Ocean Ecology, lighthouses and a commercial fisher-
man.
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As expected from earlier discussions, the distribution of surface
nitrate concentration in time and space (Figure 129) mirrors the temperature
distribution. This is probably a result of a more direct causal relationship
between nutrient concentrations and turbulence. Where turbulence is reduced,
and vertical stratification is possible, such as in the waters off the outer
coast, surface temperatures rise during the season. Phytoplankton growth in
these stratified waters maintain the nutrient concentrations at very low
levels. In the very turbulent regions of eastern Juan de Fuca, surface temp-
eratures are low and nutrient concentrations are high due to a surface-to-
bottom mixing. Sustained phytoplankton growth necessary to build up elevated
chlorophyl1l concentrations will probably not be possible because the cells will
be mixed to well below their compensation depth.

These relationships between surface temperature and nutrient concentra-
tion can of course be altered in the presence of strong phytoplankton growth.
Cruise RVO03 is an example of a high correlation in the absence of much chloro-
phy1l, while cruise RV004 presents a case where most of the stations where
very high chlorophyll concentrations were encountered exhibited Tower nitrate
concentrations than would be expected from the NO3 vs T plot.

The NO3 and PO4
as the surface waters off the outer coast warm up. Examining each of the NO3
vs T plots presented earlier and Figure 129, the time/distance/nitrate plot,
will show that the nitrate concentration and temperatures of the surface waters
of eastern Juan de Fuca vary little (24 - 30 ug at/L and 9 - 10°C) throughout
the summer. In contrast the temperatures off the outer coast near Amphitrite
for example, range from 10°¢ in late April to 16°C or more in August and
September while nitrate concentrations are less than 1 ug at/L until October.
The isolated pocket of 20 ug at/L which was observed off Amphitrite - Cape

Beale in early July was an upwelliing-like event. OQOur surface data can say no

vs T relationship also changes throughout the season,

more about this,however three dimensional surveys carried out by the Ocean
Ecology Group, I.0.S. at this time show a doming of the isopycnals,not up-
1ifting against the coast (K. Denman, personal communication).
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Figure 129.

Variations in surface nitrate concentration (ug.at/L) in

the study area throughout the sampling period (May -
November, 1979).
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Figure 130 summarizes the distribution of phytoplankton abundance (chloro-
phyll a concentrations) in the study area between April and October, illustrating
the relative productivity of the waters off the mouth of the Juan de Fuca system
and the changes observed during the study period.

- During the first cruise at the end of April, chlorophyll a concentrations
were everywhere above 2 and 3 _mg/m3 on the outer coast, with several patches
above 10 mg/ms. Nitrate concentrations were near zero at many stations north of
Amphitrite Point and it is possible the generally elevated phytoplankton standing
crop observed along the cruise track between Sheringham and Estevan Point rep-
resents the spring bloom along the outer coast. More closely spaced cruises be-
ginning earlier in the year are required. Little production was evident within
the cold, saline Juan de Fuca waters at this time.

In Tate May, similar high chlorophyll a concentrations were observed, but
at that time a bloom at the outer edge of the Juan de Fuca water was responsible.
Contrary to the impression given by the contouring of RV0OO1l and RV002 data, the
May chlorophyll maximum was not related to that in April, it being in a distinctly
different water mass.

By the time of the July cruise, standing crops were lower (1-4 mg/m3) over
the entire area, but a small maximum was observed in conjunction with the boun-
dary which was situated at that time just seaward of Sheringham Light. The
nutrients supplied to the coastal area by the 'upwelling' event which took place
in June and July, off Lennard Island - Amphitrite Point may have been responsible
for a very intense bloom encountered in late July off Cape Beale by Seakem
personnel carrying out other work. Since neither temperature or salinity data
are available at this time it is not clear whether this bloom was in coastal or
Juan de Fuca water, and the contouring around this and the cruise RV004 data may
be misleading. In August there was a broad area of mixing between the coastal
and Juan de Fuca waters exhibiting high chlorophyll concentration. We interpret

the data -from cruise RV004 and the airborne chlorophyll and temperature surveys
conducted at the time (Borstad and Brown, 1979) to indicate that this was pro-
duction resulting from Juan de Fuca nutrient export. A small isolated patch of
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Figure 130. Variations in surface chlorophyll a concentration (mg/m”)

in the study area throughout the sampling period (May -
November, 1979).
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chlorophyll near 8 mg/m3 recorded by the aircraft and Viking surveys just off
Lennard Island was probably the remnants of the earlier large bloom.

In September phytoplankton stocks were Tow (4 mg chlorophyll _q_/m3
over the entire cruise track and the maximum (excluding a bloom in South Georgia
Strait) was spread out along the outer coast in very warm nutrient depleted
water. The September airborne survey detected cold (10°C) water just west of
the ship track off Amphitrite with chlorophyll concentrations near 5 mg/m3
(Brown and Borstad, 1980) and indicated this water mass may have been contiguous
with the cold, high nutrient water near Estevan Point which was sampled by the
ship. If this constituted a second 'upwelling'-1ike event, the nutrients
supplied to the northern part of the study area may have contributed to the -
general increase in nitrate concentration observed at fhe time of cruise RV006,
and the most northerly blooms observed during this study. Another potentially
more important source of nutrients to this area in October was the increasing
amount of runoff, which depressed surface salinity and temperature near the
coast from Amphitrite north. This water being very close to the coast (see
Figure 127, the October satellite image) was responsible for the lack of agree-
ment between Amphitrite and ship temperatures and was not sampled by the ship
until near Estevan Point. Further to the south a bloom amounting to 15 mg/
chlorophyl11 g/m3 was situated in western Juan de Fuca Strait just east of the
foundary with the coastal water and in a water mass concentrated along the
Canadian shore. It was samples at only one station on the return trip along
the southern traffic lane. ’

To sum up the discussion above, these data suggest three main sources
of phytoplankton nutrients to the surface waters of the southern.inner shelf
region: the first is cold, saline water generated in the turbulent region of
eastern Juan de Fuca and flowing seaward as initially distinct pools having
sharp boundaries. These pools gradually mix with warmer less saline coastal
water and flow north along the coast retaining their identity in some instances
to off Amphitrite Point. Phytoplankton development probably begins in these
waters shortly after they leave the Race Rocks area and continues independent
of the movement of the pool, sometimes attaining maxima in the region of
Sheringham, at other times further west, depending upon the speed of transport.
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A second source of nutrients to the northern part of the study area is
upwelling. Our data and that of Brown and Borstad (1980) indicate that this
may have occurred twice during the study period, although it is difficult to
distinguish this from invasion by cold waters from outside of the study area
because of the lack of subsurface data.

A third source and probably of importance only in the fall and winter,
in inlets and very near the coast, is land drainage from the rain forests of

the west coast.
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