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Introduction

'Oceanographic investigatiqns were“undertaken during tbe winter of ;950-51
to assist_the Groundfien Inveetigation-ef the Pacific Biological Statien in
obtaining -information prerequisite to the study of the spawning migrations‘of
lemon soles in the v1c1n1ty of Baynes Sound and the Lazo Blght.

The water temperatures have been examlned cursorlly during the spawning
period, but they*are not‘lndlpative or qonclua;ve of any limited condltiqns
in the spawning areae or of any gradient in‘conditiens toward tﬁé areas.5

It was- requlred therefore, to determine if there were gradients in the

‘oceanographlc conditions of temperature, salinity, density, and currents whlch

could be con51dered as directlve factore in this mlgratory study,

The. Area o

The area, as shown in Flgure l, is logated along the eastern coast of
Vancouver Island in the northwestern sect;on of Georgia Stralt. |

Baynes Sound is a narypow trough separated fram Geqrgia Stra;t by Denman
Island and the shallow Comox Bar, over wnieh the average'depth is abeut-one
fathom. It.isfappreximately 17 milee lpng‘and is eennepted to the etra;t hy
a deeper channel in the southern end. | o ) i

The Lazo Blght is a shallow. tongue+shaped depre331on in the sea floor of
the otherw;ae quite steep coastal slope of Vancouver Is}and. It is approxlmately
1 mile wide and 5 miles long and extends northwestward from the lower central |

portion of the area toward Cape Lazo.
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These:regions are both submarine velleys having black mud and sand 5ottoms 1
rich in organic detritus, which indicates that they are preteeted from strong
currents. ' | -

Fresh water from land drainage is supplied by fhe many small creeke and
'fivers ﬁhich-embty only into Baynes Soundf(Figure 1).. The Courtenay River,
which flows 1n the head of Baynes Sound, carriées much the greatest proportion
'of fresh water 1nto the system, and the effect of all other streams may be
neglected except in the immedlate v1c1n1ty of their estuarles,

~  During all surveys the weather was generally mild and overcast with oﬁiy
siight pfecipitaﬁieﬁ. 'Wihds were variable; but usually souﬁheasteriieS'of'
- varyiﬁg‘force prevailed. '
The Investigation _

Synobtie surveys for the investigation of_the phjsical prepertiee_of the - y
water were conducted during Novembef, 1950, January end Febrgary,—l951, wi@h
the assistahce of the oceanographie reeearehuvessel, qoﬂerV;-"EHKOLIH,Apro-
'fiding'datae-for”theldescriptioh of the winter staté. - -

The Febfﬁefy'sereey ﬁae freqﬁently interrﬁpted due to*adVefse'wind c0nditioné,
£hefefbre, it'eanﬁot Ee considered es a synoptic survey in'the'irue~eense;

11 surveys were conducted during spiipg'tides, as shown in Figure 3. The
shaded areas represent the duration of dailj‘obsefvations; which were conductea;
in general' during periods ef minimum variation of tidal'height

The study involved the sampllng of a vertlcal column of water at 38
strateglcally locabed statlons, eighteen in Baynes Sound and twenty over the
: Lezo ‘Bight (Flgure 2), so as to give both longltudlnal and cross-sectional

series throughout the entire area, At each position, ten or more samples
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were obtained from the water column and analysed for the vertical distribution

of temperature, salinity, density, 'and in some cases dissélved oxygeh. Con=
tinuous temperature measurements were made‘by bathyfhermographs; Sa}inity and
diésolved oxygen were determined at sea, using sﬁandgrd procedures, )

| The November; 1950 survey was cgnducted'with a view to studying the deep
structure, and samples were taken at close intervals, and as neér»the bottom
as safety permitted, (0, 10, 20, 30, 35, 4O, ki, 47, 49, 50 yardsldepth)._
The data from this’sur#ey revealed no anomaly in the deep water structure, so
the following two sﬁrveys_were re-organiged to provide data for the_study of
the entire water mass. Samples were taken at discrete depths from the sur-
face to the bottom, with a typical cast being 0, 2, 4, 6, 10, 15, 20, 30, 4O,
50 yards, or at as many of these intervals as the depth of water at each
station would permit.

The oceanographic observations consisted of tinmie of observation,

locafions depth in yards, temperature, salinity, dissolved oxygeh, weather,

wind and state of sea.

Data

The analysis of all data shows that the structure and distribution
of the water properties was similar during each survey, although the water’
temperatufe was approximately one degree Centigfade.colder in each succeésive
survey., On this basis, and for purposes of simplicity, the data from the
January, 1951 investigation are presented as being representative of the winter
conditions in this région° | | o

The distribution of surface and bottom temperature ié shown in plan
in Figures 4 and 5, and the corresponding salinity distribution is shown

in Figures 6 and 7,
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Longitudinal sections of temperature, salinity, and density along the line
of stations in Baynés Soundxand the ceﬁtre line of stations over the Lazo Bight +
are shown in Figures 8 éna é; The corresponding‘temperature, salinity, and
density-depth profiles are shbﬁn in Figures 10 and 1l. The cross=séctions in
Figures 12 and 13 represent the distribution of the water properties at the
northern and southern extremities of the area.

The concentration of dissblved oxygen was détermined at randomly scattered
locations througﬁout.the region as illustrated in Figure 14.

The surfaée and 90 foof vectors for the observed current determinatiohs

are shown in Figure 15.

Discussion
1. Temperature

During all surveys, the surface water over the entire area was colder than
that of the underlying deep water (Figure 10); with a maximum temperature-
depth increase of approximately'three degrees Centigradea' The water in Baynes
- Sound was generally colder by about one degfee than the water in the Lazo Bight
region (Figures 4 and 5). |

The cold»surface water in the upper reaches of Baynes Sound (Figure L)
is associated with the fresh water discharge fromithe Courtenay River?' The
cold brackish layef flows south in thé sound, and depending upon the state of
~tide and wind, some intrudes into the Baynes Souﬁd waters over the Comox Bar,
while the main flow continues south as avtongue 6f cold water which is evident
for éome considerabie disﬁance along the Denman Island sidé of fhe sound.

1The waters along the Vancouver Island side of the.sound are warmer;

at all depths, than those along the Denman Island side (Figures 4 and 5);

w



This is probably due to upwelling of the deeper warmer water along this shore
in consequence of the prevailing southeasterly winds.

The vertical structure shown in Figure 10 consists of a cold, nearly
isothermal surfaee layer extending to a depth of about 10 feet, which is as-
sociated with surface cooling and indicates the depth of uind mixiugo Below

this layer a thermocline of one degree temperature increase extends to about

' 30 feet depth, while in the deeper water the temperature increase is very small

' fo an almost constant value at the bottom (Figures 5 and 8)e

The surface water in the Lazo Bight region was about one degree warmer'’
than that in Baynes Sound. In general, there is a tendancy toward the formation
of a warm-water surface cloud in the northern part of the area, with the colder
surface water being confined along the Denman island shore and in the area
Just north of Hornby Island (Figure 4)e The temperature of the deep bottom

waters partlcularly in the 1mmed1ate vicinity of the Lazo Bight (Figure l),

‘_1s practlcally constant but to the east; or seaward from this area, the_

temperature increases sllghtly with the fall of the coastal slope (Flgure 50

It 1slev1dent from the vertical temperature structure shown in Figure ll,

-

~ that the maximum temperature difference from surface to bottom is 0.8°C. . There

A NS

- is an isothermal surface layer to a depth of about 40 feet, below which the

" 3

temperature_increaées very gradually to the constant values in the deeper water

ae_shown.in Figures 5 and 9.

2a: Salinity o

The weter in Baynes Sound is considerably less saline than the water in
the adjacent Lazo Blght region, There is appreciable vertical structure but very
llttle horizontal salinity variation in Baymes Sound, while the Lazo Blght region
is devoid of salinity gradients or structure of any kind.

The low surface salinity water evident in the upper reaches of Baynes
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Sound is attributed to the fresh water discharge from the Courtenay River,

which flows out over the underlying sea water and mixes with it to form a

brackish upper zone about 30 feet deep. This upper zone persists for some dis-

tance to the south along the Denman Island side of the sound as shown in Figure

6. As this upper zone, which contains the river water moves seaward, it gets

progressively more saline as additional sea water is entrained; and its identity

is finally lest in the lower reaches of the sound. The structure of this
gone is clearly shown in Figure 10, where it may be noted tha£ the salinity
increases by variable gradient to about salinity 26.7 °/ee at a depth of ap-
proximately 30 feet, where it intercepts the more unifofm gradient of smaller
,élope denoting the lower zone. In this loﬁer zone, the,saiinity increases
regularly with depth to an alﬁost constant value in the bottom waters (Figure
7o

In the Lazo.Bight region, localized areas of low surface salinity are
sometimes evident when the brackish upper zone water from Baynes Souhd flows
‘out acrogs the Comox Baf, but in general the distribution 6f.surféce salinity
dufing this winter period'wés found to be as shown in Figure 6, with the.area
of higher surface salinity being in_the northern sectioq, gnd‘that‘ofvlqwer
surface salinity along the Denman Island shore and in‘tq%féoutEEfﬂlsection;
The salinity of the deep bottom water is almost consténﬁ‘thfégghout the
entite area, particularly in ﬁh@ immediate vicinity of the L;zo Bight (Figure
.7), and increases gradually to the east or seaward down the coastal slope as
did the'temperaturen h

It may be noted from the vertical structure in Figﬁrem'll.B that the

increase in salinity with depth is very slight., There is an isohalin; surface

layer to a depth of about 50 feet, below which the salinity increases gradually

=
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with depth to a constant value in the deep zoﬁe (Figures 9 an@:ll),
3. Demnsity

During all surveys, the density closely approximated the salinity.dis- .
tribution which may be regarded as being qualitatively synonymous.

The low density of the Courtenay River water contributes té the formation
and stability of the upper zone evident in the northern part of Baynes Sound; and
in the winter, when this zone is colder than the underlying deep water, the low
salinity (salt content) controls its density and ensures that -it will float in
the sea water (Figures 8 and 10), |

There is no distinct upper zone present in the Lazo Bight waters“and*it¢is

evident from Figure 11 that the increase in density with depth is. very slight.

-Under these conditions the stability is much reduced and strong winter winds

may cause mixing to some considerable depth.

Lhe Dissolved Oxygen.

In general the dissolved oxygen concentratidn in both areas dgcreased regularly
with depth from saturation at the surface to between 50% and 66% of saturation
at the bottom. In Baynes Sound there was a small area of supersaturation in the
central region, and in the Lazo Bight area there was some evidence of super-
saturation at the southern limits. In both regions the high oxygen concentrations
occurréd in the upper 30a50 feet of the water column aé shown in Figure 14,

These occurrences cannot be explained from the.data, but may.be associated
with the history of the water mass. |
5. Currents

Current observations were conducted at Station Band D in Baynes‘Sound.and at
Station 8 in the Lazo Bight region on February 17 and 18; 1951, Current dfégs

were constructed from a pair of sheet=metal vanes aboﬁt 18 x 24 ihches set at



right=apglés and suspended on a line which passed through the centre of an
ellipsoidal metal buoy. Two current drags were released on four occasioﬁs to
obtain a.direct measure of the current velocity at the same time as obtaining
several serial.stations.,. One drag was set with its vanes at a mean depth of
abdut"izl/2‘feet below.the surface, while the other was set at a depth of 90
feet.o |

The procedure was to release tﬁe two drags before starting to occupy
a group of stafions é,gq a 3-station cross=section, and to recover them on
ébmpietion of fhese stations. The progress of the floats during this ihtervél
Awaé'takén éé an indication of the velocity of the current at the two dépths°

From the observed currents as shown in Figure 15, it is evident that the
prihcipal movement in Baymes Sbund was to the south or seaward with a velocity
of approximately 0.4 knots, while in the Lazo Bight region it was westward or
anti-clockwise around the.area with a belocity of apﬁroxjmately 0.1 knots.

These data are not adequate for a discussion of the circulation in this
region, but indicate that the currents are very weak and probably varlable, as
the entire region is influenced by the reversihg tidal currents in Georgia

Strait.

CQhélusions

1, There is appreciable vertical structure but very little horizontal
variation in Baynes Sound (Figure ld), while in the Lazo Bight area the dis-
tribution of properties is almost uniform (Figure 11).

During the winter éeason of 1950=51, the temperature and salihity of the

waters in Baynes Sound varied between 5.8°C (42.5°F) and 25.0 °/se salinity

at the surface to 7.8°C (46.0°F) and 28.5 ®/ee salinity at the bottom. In the

N



Lazo Bight region the variation was from 7.0°C (44.5°F) and 27.0 °/es salinity
at the surface to 8.4°C (47.0°F) and 30,0 °/es at the bottom,
2. There was no evidence of oxygen depletion in any of the waters.

30 Current velocities and water movements are small.
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