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ABSTRACT

A study of plankton communities in the Strait of Georgla was
undertaken in order to determine qualitetively and quantitatively the
distribubion in time and space of both soeplankbon snd phytoplankton.

' In order to gain some picture of the seasonal varistions in the
plankton cemmunities two crulses were made in the Strail, one in June,
1955, and the other in November, 1955. 165 plankton sollections were
taken. A complete count of zeoplenkton organisme was made in 5ee. of
each sample and the number of diatoms cells per liter was tabulated.
Copepods and diatoms were analysed to species; other groups to ¢lass
or genera. Surface temperatures were takens The physical and chemical
data used to account for the blological distributions were obtalned’
largely from oceanographic data already available for the area.

The correlstion of these data have resulted in a number of
ecnclusions concerning the distribution of plankton in the Strait of
Georgis. The ehief factor affecting the general distribution of plankton
in the Strait of Georgia is the salinity gradient. The inflow of fresh
water from the Fraser River forms zones of varying properties, and leads
to the development of different plankton communities. The extent to which
physical and chemical factors may determine the presence or absence of

certain orgenisms from the wones described is discussed.
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1. INTRODUCTION

The Strait of Georgle ocoupies a position of considersble inter-
est for the study of plankton because within its limits it presents
an unusual cemplexity of conditions which differ greatly from summer
to winter. In sumuer the fresh water from the Fraser River flows
into the Strait snd spreads over the surface in cloud-like distributien,
mixing with the saline water to form a brackish upper layer which is
well differentiated from the more saline, homogeneous waters under-
" neath. In winter the river discharge diminishes and mogt of the water

in the Strait reaches an homogeneous state.

The Strait of Georgia itself is located between the British
Columbie Mainland and Vancouver Island, and extends {rom Latitude
48° 50" N. to Latitude 50° O0' N. (Fig. 1). It is 120 nautical miles
long and 18 nauticel xﬁ.les wide. Iy has an average area of 2000 square
nautical miles and a maximum depth of 230 fathoms. The weather is
generally similar over the entire area of the Strait. The precipitation
is high in the fall and winter, and the swsmers are generally swnny and
warme. Air temperatures seldem go below freeging. In winter they average
2° . and may go as high as 10° C. In summer they average 18° C.

In accordance with the complaxity of conditions,; the distribution
of species is intricate and their relative abundance fluctuates widely
frem place to place and from time to time. It has been already pointed
out by Fraser (1918), that certain free~moving shore forms which oceur
sonstantly throughout the surface at Friday Harbor disappear from near
the surface at Departure Bay early in?wmer; nalding the question af;
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Fig. 1. Strait of Georgia showing sections made with the Hardy Recorder.
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migration a matter of importance. Cameren and Mounce (1922) found

that some species exhibit a difference in morphological character and
rate of growth which can be traced to different physical and chemisal
conditions, and showed that the Fraser River was responsible for most

of the conditions pecullar to these waters. Lucas and Hutchineon (1927)
came to the conclusion that diatom optima exist where the Fraser River
water snd the sea water are mixed. They suggested the eentribution of
the Fraser is in the form of mineral salbs centaining nitregen, phos-
phorous, and silica. They also stressed the important tide-diatom re-
lationship: north of the Fraser the optimum is at the flow; south of the
Fraser it is at the ebb. Hutchinsen (1928) that the richness of
the plankton flora was largely dependent on the Fraser as a source of
silica and alse upen the conditions which conserve this material.
Hutehinsen, Lucas and MoPhail (1929) dealt with the seasonal variations
in the chemical and physical properties of the Strait of Georgia in re-
latien to phyteplankton. Hutchineon and Lucas (1931) studied the extent
of the Fraser River's effeet on temperature, salinity, currents and fish
foed. Agein it was found that the amount of phytoplanikton is greatest
at the regions of water mixing. Tully and Dodimead (1954) also discuss
diatom distribution in terms of dissolved oxygen, pH and dissolved
nutrients. They attribute the high concentratiens of dissolved phos=-
phates to the'in‘brading ocaan waters, and the high concentrations of
dissolved silicates to the Fraser River waters. Theﬁ; suggest that the
supply of dissolved nitrates is the limiting factor in phyteplankton
growth. Some preliminary work has been carried out by Campbell (1929)
on the distributien of definite classes of marine orpanisms in the

- 8trait of Georgia.
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In this thesils an attempt is made to evaluate qualitatively and
quantitatively the organisms responsible for the abundance of both
phyteplankten and mooplankton and to assess the physical and chemical
factors affecting their distribution.



ISTRIBUTION OF PHYSICAL AND CHEMICAL PROPERTIES
OF ‘THE WATERS IN THE STRAIT OF GEORGIA

Be & 14,

The rangs of salinities existing in the surface waters of the
Strait of Georgia varies from 1% at the Fraser River estuary to 25 %
st the northern and seuthern extremitdes (Waldichuk, 1955). The Fraser
Eivef discharge deminates the general oceanography. The fresh water
flowing into the Strait fram the River spreads over the swiace, mixes
with the saline water, and forme an upper, brackish silty layer re-
ferred to as the "upper zone" (Tully and Dodimead, 1954). Low salinity
cells exist in the southern Strait, and cemsistent gradients eof salin-
ity appear where the low ealinity surface water mixes with the higher
salinity waters brought up to the surface by tidal action. Surface
salinities are lowest over the eastern portion of the Strait along the
mainland. The greatest variations occeur in the summer close to the
mouth of the Praser. This corresponds te the peak discharge of fresh
water (Fig. 2). This peak disclmrge is the result of snow and ice
melting in the upper reaches of the River. Small rivers entering at
other points in the Strait contribute sbout 144 of the total fresh
water. The upper zone is about 30 feet deep at the mouth ef the Fraser
and deepens to 80 or 90 feet as it fans out over the Strait (Waldichuk,
1952) .

Isolated cells of water of varying properties are found at the |

surface and thelr position depends on the Fraser River discharge, the
tidal eyele, and the wind velocitys
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Below the upper zone there is a layer of fairly homogensous salin~
ity, referred to as the "lower zone", and between the upper zcne and
the lower zone, there is a transition layer, referred to as the "boun-
dary zone® (Tully and Dodimead, 1954). This boundary zone is character-
ized by a steep gradient of salinities.

In November the upper zone of low salinity is confined to the
vicinity of the Fraser and averages , meters in depth (Tully, 1954).
No distinet upper sone is traceable in the northern part of the Strait
at this time because of the low runoff of the Fraser River.

b Temperature
Surface temperatures in the Strait of Georgla for June, 1955, are

glven in Figure 3+ The southern Strait exhibits the lowest temperature
(12.4° C)» This is produced by tidal currents in the channels mixing
oold, deep water with the surface water (Waldichuk, 1953). The surface
water is cold near the Fraser River estuary (12.8° ¢ at Station 12)
‘because the inflewing fresh water is colder than the water in the Strait.
The highest temperature (15.8° €) is recorded off Gabriola Island.

Generally a’ﬁrtace temperatures are lower in the eastern portion of
the Strait aleng ths mainland and higher in the western portion of the
Strait as a result of inselation. The surface gradient over the whole
area was only 3.4° C in June, 1955. The depth of heating correspends
to the upper zene which is generally less than 10 meters deep in summer
(Tully and Dodimead, 1954). Below & depth of 60 meters the waters are
fairly stable throughout the year, with temperatures areund 7° ¢+ The
“beundary layer" is characterized by a steep gradient of tempemtuz-abs.
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Surface temperatures in November (Fig. 4) are fairly uniform over the
central part of the Strait. The northern waters, which ave in the zone
of minimal chenge, are & little warmer with a difference of temperature
over the Strait of enly 0.9° G (ranging fram 8.5° G to 9.4° C). The
effect of the Fraser River is therefore less marked in November. Lose
of heat to the atmosphere takes place. In November strong winds mix
ths wat,ars to gmat. depths so that the deep waters are warmed and an
isothermal state is reached (Tully and Dodimead, 1954).
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8, Ares covered
The data presented are based on 165 plankton collectiong taken in

the Stralt of Georgle during twe cruises ~ one in early summer, from
June 8 to 16, 1955, and one in the fall, from November 7 to 11, 1955.
The first oruise covered 38 stations distributed throughout the Strait
from the San Juan Islands to the northern end of Texada Island. How-
ever, as a result of bad weather conditions at the time of the fall
eruise, it was poesible to reoccupy only 26 of the 28 stations
establismd on the earlier crulse. The stations ocecupled are distrib-
uted between latitudes 48° 48' N ~ 49° 40! N and longitudes 122° 50' W -
124® 45" W (Figs. 5 and &).

At all but three stations two vertical hauls, using a plankton net
(Fig. 7), were made. The first haul was always taken in one of three
~ shallower depths (frem 10, 20, or 50 meters to the surface) to prevent
contaminating the net with deeiaér plankton epecies and a deeper haul
was taken tlwrough strata varying from 50 to 250 meters to the surface.
Surface temperatures were obtained at all stations at which plankton
samples were taken. Compass bearings were taken at the start of each
haul. Records of sonle depth, wind velocity, barometer readings and
eloud coverage were kept. A few statiens were cmitted during the twe
cruises in order to give maximum coverage of the Strait.

In addition to the vertical hauls, horizontal sampling was carried
eut with the Hardy Recordsr (Fig. 8) during the first cruise. The
object in using the Hardy Recorder was to determine the horizental
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Fig.7. Diagram of plankton net used in the survey.
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changes in the major constituents of the plankton over the areas
investigated between the stations at whieh the vertical hauls were

matde.

In order to obtaln some indication of the conecentration of
plankton at different depths and to trace the vertlcal and horizontal
boundaries of distributien of the main constituents of both phyto-
plankton and zooplankton, & mumber of sampling methods were emplayed.

To determine the vertical limits of distribution of the main
constituents a plankton net was used (Fig. 7). The net measures 20
inches in diameter at the mouth, 60 inches in length, and 4 inches in
diameter at the cod-end. A jar having a velume of 500 ce. is held
tightly at the small opening by a metal elip. A string (7a) joins the
metal ¢lip to a 50-pound lead weight tec keep the net from turning in-
side out when lowering. The weight ie suspended from the lower end of
three ropes (7b). These ropes, which pass alongside the net, are tied
around the metal ring forming the mouth of the net, and are attached
above the mouth of the net.to the oceanographic csble. The net is made
of bolting silk Nos+ 25 xxx. The same net was used throughout beth
eruises.

L. Vertical Hauls
The shipboard procedure followed upon reaching a station involved

first reversing the emgine to bring the vessel to a complete stop.
Some leeward motion of the ship was encountered while the sampling was
being carried on, but this minor drift was disregarded.
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ALl sempling was performed from the starboard side of the after
degk. The ship was provided with a powered wineh and a meter bleck.

The net was lowered slewly al a uniform speed and, upen reaching
the desired depth it was aleo retrieved at a slow, uniform speed.
When the net reached the surface it wae lifted oubt of the water and
while still suspsnded frem the oceanographic boom it wes washed down
with three or four buckels of sea water. The plankten jar was then
detached and the ssmple was transferred to a glase jJar. The organiems
clogging the net were washed free with a wash-bottle. SZome formalin
at 5% concentration was then added to the sample and a lazbel was
placed in the jar.

The instrument censists of two elements, the external torpedo-
shape body weighing several lndred pounds and the internal removable
mechaniam. The body is fitted with two silerens and one elevator; so
that when it is towed it will dive and maintain itself at uniform depth.
The depth is determined by the amount of ocable played out. During the
tow it 1s continuously sampling by filtering plankten through silk from
a roll which unwinds slowly across & waler tumnel by the action of a
prepeller turned by the passing water (Fig. 8).

When lsunching the Recorder the ship was stopped and the instrument
was slowly lifted over the rail. This was done by using the main boom
of the ship to 1ift the instrument and at the same time swing it elear
of the stern while it was being lowered. When the );eeeraer touched the
water the block and tackle was detached, and the towing cable played
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out te a mark plmeden it at a point caloulated to give a sampling
depth of ten feet. The towing speed used varied from 8 1/4 to 8 1/2
knots, depending on the dirsction of the tide. A% launching and at
hauling the position and tims were recerded. When the haul was com-
pleted the recorder was hoisted inboard and the used section of silk
was removed. The silk was then transferred to a glass jar and formalin
at 52 concentration was added.

g+ Laboratory Metheds

All the mooplankton samples were analyzed in the laboratory with
& binocular mierescope using a 40 X magnification, and all the phyte—
plankton species were identified with a compound microscope using
100 X magnification. The following treatment was used in analysing
the gamples!

1) the plankton sample was well shaken and 5 cc. were remeved
with a pipette having a length of 30 em« and a diameter of & mme A
complete count of the zooplankten in the 5 cc. sample was made and
tabulated as follows: all copepeds toc species and sexj nauplii, meta-
nauplii, calyptopis, fureilia, cyrtopie, and adult stages of euphausids;}
all other major taxonomic groups ineluding appendicularians, chaetognaths,
amphipeds, gastropodss ostracods, cladocerans, eggs, and larvae.

2) The qualitative analysis of the phytoplankton was made by
placing a few drops of the original sample in & ruled chamber and
scamning the whole field. After the entire chamber had been examined
a new sample was drawn and frem this chamber, whieh has a volume of

166 cubiec millimeters, counts were mede for each specles. When the



quantities of phyteplankton cells were great 1/6 of the volume was
counted, when they were smsll the number of cells in 166 cubic milli-
meters was counted.

3) In addition to the normal procedure outlined in section 1)
and 2) a total count was made of all adult euphausids, chaetognaths
and amphipods in esch sample talen on the November cruise.

L) The silk taken frem the Hardy Recorder was cut into sections
each of which represents a horizontal haul over a distance of three te
five miles. The plankten was then removed fram each section. The
large organisms were removed by hand, the smaller ones with a razer
blade, and transferred to 100 ce. of water. A total count of all the
zooplankton was made
analysed and counted as outlined in seection 2).

from each section of silk. The phytoplankton was

RESULTS

Z» Composition of the Plankton
1) Zoeplankten taken in the summer eruise, June 8 = 16, 1955.

Some 34 species of copepods in the fellowing three sub-orders were

Acartia clausi Giesbrecht
A+ longiremis (Lilljeborg)

Galanus eristatus (Krdyer)
¢+ finmarchicus (Gamnarua)

g+ tonsus Brady
‘Gandacia columbise Campbell



Busalanus bungii Glesbrecht

Euchacta Japonica Marulawe

ytemors birundoides (Nordquist)
E. Johanseni Willey

Gaidivs pungens Glesbreeht

Paracalanus parvus (Claus)

Pseudocalanug minutus (Krgyer)
colecithricslla minor (Brady)

Tortanus discaudatus (Thompson end Scott)

Sub-order CYCIOPOIDA
Ascomyzon rubrum Cempbell
Corycaeus affinls MoMurrich
Sithona helzolandica Claus
Q- plumifers Baird
Oncaea conifera Giesbrecht



Idye furcats (Baird)
Microsetella rosea (Dana)

A few unidentl fied but rare specles of a number of genera were met
in the samples but were not identified because of taxonomic difficulties.

Several phyla were represented by many genera but not attempt
was made to determine these beyond major groups. The following 26
groups were analysed in this way:
Amplhipeds
Annelids
Appendiculariens
Barnacles t nauplius stage
¢ypris stage
Chastognaths
Cladoserans
Copepods : nauplius stage
metanauplius stage
Crabs 1 zoea stage
metagoea stage
megalops stage
Clam larvae (early)
Eggs



Euphausids ‘n nauplius stage
metananplius stage
calyptopls stage
furcilis stage
eyrtopia stage

Fish larvae

Gastropeds

Helethurians

Hydromedusae

Mysie

Ostracods

Coelenterate planula

Brittle star pluteus

Polychaete larvae
Shrimp larvase
Siphonophorves

Tintinnidae - observed but not analysed

Unidentified triangular egg case
Protogoans were also found in a few samples. The mesh size of the net
was too coarse to retain these organisms in any quantity end no sttempt
wag made to study their distribubion. A few radlolarisns were cbserved,
but were not identified. Among the protogzosns observed were:
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Ceratium M& (Ehrenberg)

Dinopliysis hastata Stein

Rigtephanus spegulum var. regularls Lemmermenn
Qenysulax spinifera (Claparede and Lachmann)
Hematodiniwn srmatum Dogiel

Percentages, by numbers, of seven constituents of the zooplankion
are given in Table I. In almost all samples copepods were the most
abundant of all constituents. The appendicularians (Qikopleurs spp.)
were second in abundance, followed by euphausids, eggs, chaetognathas,
gastropods anl amphipeds. Next, bubt not included in this table, were
the larval stages of barnacle, eorab, ostroceds, cladecerans, hydro-
medusae, annelids, pelychéehe larvae, fish larvae and other, less
frequent forms. At a few stations there occurred large numbers of other
specific groups, such as Siphmaphwés and Litterina, but in each case
these were local populations and did not contribute to any extent to
the everall distribution.

2) Phyteplankton taken in the summer cruise, June 8 - 16, 1955.

Forty-five species of distoms were found. The following list is
not complete snd in a few cases the identification to species is scme-
ﬁh&tv uncerbain. Seme slight differences of opinion on the taxenomy of
certaln species are found in the literature (Gran and Angst, 1931 and
Cupps 1943) whieh render the identification of certain spsciess such
as in the genus Chastoceres, diffiecult. HNevertheless, it is possible
to compave the relative sbundance of mest speeies in the areas with the
data avallable.



Percentages, by numbers, of seven censtituents of the gzooplankton,

TABIE 1

June 8 - 16) 1955;

Btn. Depth Bgge Oope-  Olko-  Gastro- Amphi=

No. (Bl)

peds

poda
2

Chaeto- ﬁuphé

gnaths

ausids

i %
1 10 12 45 36 1 1 - 1
1 50 15 68 12 - 1 - 1
2 10 7 30 L6 - 1 1 L
2 80 20 48 20 3 - - 3
L 10 10 20 58 - - 1 2
L 100 10 61 17 A - - 3
5 20 3 50 23 - - 2 2
6 50 5 29 32 1 - - 7
7 10 30 33 12 1 1 1 )
7 90 25 69 2 1 - - -
8 110 3 76 7 4 - - 5
1 1 27 1 55 - - - -
10 150 1mw s 26 3 - - 2
u 10 - 69 12 - - - 1
11 100 L 65 kYA 1 1 - 9
12 10 - 6l 10 - - - 10
12 5 12 60 15 - - 1 2
13 10 - 88 7 - - -
13 50 é 72 8 - 2 - 3
1 20 5 22 6l - - 1 2
1k 20 3 63 2, 3 1 - 2
15 10 5 27 58 1 - 2 i
15 150 3 58 24 6 1 - 2
16 10 - 8 A - 1 - 7
16 100 - 80 k 3 1 - 9
17 20 5 79 6 - 1 3 3
17 150 L 78 7 4 i - b
18 10 - 59 8 1 1 1 22
18 150 5 73 2 12 - - 3
19 50 3 69 10 - 1 5 1
19 200 b Vi 2 2 2 - 6
.20 20 17 54 15 - - - b
20 250 g T 5 2 2 - L
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The following diatoms were identified;
Asterionella japonica Cleve
Bacteriastrum delicatulum Cleve

Adulphia surits (Lyngbye) Brébiseon and Godey

B laevis Ehrenberg

B+ longioruris Greville
Chaetoceros affinis Lauder

G+ brevis Schiitt

G e&’b‘é rictus Gran

&+ gonvolutus Castracane

£+ curvisetus Cleve

g+ debilis Cleve

G- deciplens Cleve

C. didymus Ehrenberg

G+ lacinesus Sehitt

€+ lorenzianus Grunow

G+ radicans Schittt

G. similis Cleve

G- teres Cleve

€. yanheurelkd Gran
Gorethren hystrix Hensen
Coseinodiscus exeentricus Ehrenberg

G. wallesil Gran and Angst
Ditylum brightwellii (West) Grunow



bucampla w Ehrenberg
Fragilaris crotonensis Kitton

E- striatuls Lyngbye
Grammatophors mexina (Lynghye) Kiitzing

M monoliformis (muer) Agardh
M. 2&1&&*@: (Ehrenberg) Kitzing

Naviculs sp. Bory

Nitgscida sp. Hassall

igoselenia delicatula Cleve
R« hebetats forma gemisp
B+ gtelterfothil Péragallo
R+ siyliformis Brightwell
Skeletonema gostatum (Greville) Cleve
Stephanopyxis nippor

Ihalssgionema nitgschicides Grunow

a (Hensen) Gran

¢a Gran and Yendo

zhalaﬂsiasira gondensata Cleve
L+ decipieng (Grunow) Jdrgensen

> filamentous diaztom genera found in June wers
Skeletonema, Chaetoceros, Thalassiosira, Blddulphia, and Hitzschig.
The length of the filaments could not be appreximated. The formalin

golution used made the filaments very brittle and most of them broke
apart when the samples were shaken.



3) Zooplenkton and phytoplankton taken in the fall cruise,
November 7 - 11, 1955.

Bome 35 specles of copepeds were present in varying abundance

in the samples taken in the summer; whereas only 21 species were
present in Nevember, end in very much smaller quantities in the
latter instanca- Some species, such as Calanus tonsus, Eucalanus
‘bungii, and Centropages memurrichi, which were very abundant in June,
eould not be found in the samples in Neovember, although‘the same
depths were sampled. Deeper forms, such as Centrogaptllus porecellus,
Harpacticue uniremis, and Idya furcata, could not be found in November,
even though the water, at such depths, is relatively unifom in
physieal and chemical characteristics throughout the year. One species,
Aetideus armatus, was found in the fall, but was not cbserved in June.

The ZlL species of copepods in the foliwj.ng two sub-orders were
takent
Sub~order CALANOTDA
Acartia clausi Giesbrecit
A+ lengiremds (Lilljeborg)
Astideus armatus (Boeck)
Calsnus finmarchicus (Gunnerus)
Candacia solumbiae Campbell
ghiridiue Yemuispl

2 hirundoides (Nordyuist)

Gaidius pungens Giesbrecht
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Metridis longs (Lubbock)
M. lucens Boeck
ooslanus pusillus Sars
Paracalanue parvus (Claus)
Pseudosalanus minutus (Krdyer)
Scelecithricella minor (Brady)
Tortanus discaudatus (Thompson and Scott)

der CYCLOPOIDA
Ascomyson rubrun Campbell
Serysaeus affinis MeMurrich
sea gonifers Glesbrecht

The pereentage of adult and immature individuals was found to

| remain quite constant in June and in November. Pifty-three percent
of the summer cabteh was made up of adult specimens, as compared with
fifty-two pereent in the autwmn. Many of the species found in sutum,
such as Calanms finmarchicus, wers therefore actively reprodueing and
not just survivings The same is true for several other groups because
immature specimens of amphipods, cladocerans, barnasles, and ostracods
were found in the samples taken in Hovember.

In addition to copepeds, ths main constituents of the zooplaniton
in November were:



Tomopteris spe
Appendicularians

Cephalopods (egg case)
Chaetognaths

Cladoserans

Barnacles t cypris stage

Clam larvae (early) |
Echinoderms (archenteric sack)
Egge

Buphausids

Gastropoda

Holothurians

Hydranedusae

Nauplidi

Copepods ¢t nauplius stage
Ostracods

Polychaete larvae
Siphonopheres

Unldentified triangular egg case

Gatches of chastognaths and euphausids were made up entirely of
adult speeimens in November. The unidentified egg cuse was the next
moat abundant constituent of the sooplankton after the copepods.
Next eame the euphausids, chaectognaths, amphipeods, gastropeds, Oike
Pleura, ostracods, and hydromedusas. The other representatives were
never sbundant.



m31~

Only two species of diatoms obtained in November samples were
significant. Coscinodiscus wellesii and Chaetoceros consavigornis
were found in relatively large numbers. There was a dearth of all
other specles. A few cells of Chasteveres affinig, Rhigosclenia

misping, and Nitwgschis sp. were also encountered. Out of fifty~two

samples, only thirteen gave values of more than 1 cell per liter and
the maximun frequency never exceeded 10 cells per liter. No proto-
goans were gseen in the plankbon samples taken in November.



1) Abundance of zooplankton in the summer eruise, June 8 - 16, 1955

To provide a basis for comparison of the teotal cateh at any one
locality, all quantities obtained from the 5 cc. samples qusniitatively
analysed were transformed into values based on a standard volume of one
cubic meter. This was done by dividing the number of zooplankton per
sample by the volume of water filtered. Since no device was used to
record the amount of water fillered, it is assumed that the net was
fishing vertically and no spilling occurred. With this assumption the
number of cubie meters of water strained at each depth was then
caleculated. This method of caleulation cannot give a complete eval-
uation of the mooplankton distribution with depth, but it points out
with a reasonable degree of accuracy the areas of high, average, and

low concenbrations.

Based on the quantitative evaluation of the sooplankton obtained
in the above manner three centers of different concentrations (Fig. 9;
Table II) can be recognized and associated with the physical and
chemical characteristics of the waters in the Strait of Georgia.

A) an area of high concentration at Stations 10, 11, 12, 13, 15,
21, and 22, with warm surface temperatwres (ranging from 13.5% teo
14.7%) and streng mixing of water masses.

B) an area of intermediate concentration at Statiens 16, 17, 19,
20, 23, 24, 25, snd 32, with eolder surface temperatures (ranging fram
12.8% to 13.7°C) and little mixing of water masses.



BRITISH COLUMBIA

L 49° N,

ZOOPLANKTON of

the UPPER LAYER
0-{10-20-50 meters)

JUNE 8-16

19565

Fig. 9. Zooplankton abundance from surface to depths of 10, 20, and 50 meters, June 8 - 16, 1955.
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TABLE II (concluded)

Positiaﬁ

Stn.
Ho.  Latitude
— ; Longitude  Date Tine Depth Water .
28’ L9 23‘: 10" B 123° 55" o {R) ; (zé§ od
29 L9° 22' 10" H 124° " n 1& 17713 20 lhO‘ék
29 . 124° 01t 30% W J 1728 230 ,
2 . . June 15 1538 46 .69
L9 26t 45" N 123° » 23 50 10.15
30 u 541 15% W . Loes 150
T Jue 1 1627 D
31 49° 19 45" B 123° ; L 163 10 2.03
32 49°1 T : 51,: 15" W June 15 162; lig 1348
33 49° 23' 30" N 124° " “ 1751 20 h'oé
3 Yroomw o« ok 19 20.29
3& 49°® 261 20% N 124,° n o 0612.3 10 2:03
Lrsmrmnioy D 28 LS
9% 29¢ 30% 5y © " = 50 0
gg L N O124° 300 157 W v 23‘323 150 o
2 M BILTE A . om0 400
30 19° 3! T 0R3 10 29
B )R ] .
3‘; Ta B 124°33' 45" W . Oglazlcsf 100 22:2;
gg &90 w' wu g 121“‘ " B m 50 10.1
B k9° 15“ BLEr 112 2, lgg 229
' 1 Lo . ‘
5] = K" B 123° 42! 54 W J’n':e 8 1138 100 23.&22
43 L49%13' 54 B 123° 5@‘: 56 " gig 10 2:03
Y iy g a1
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C) an area of low concentration at Stations 18, 26, 27, 28, 29,
30, and 31, with etill celder surface temperatures (ranging from
12.4% to 13.6"C) and 1ittle mixing of water masses.

The catches made in the tows between 50 meters and the surface
were more characteristic of the Siralt of Georgia because they inoluded
populations inhabi’oing both the “upper zene" and the uppermost stratum
of the homogeneous "lower zene". ‘

The catehes proved to be fairly uniform from station to station,
as far as the predominant species were concerned, and thus copepods
were, in most cases, the most abundant animals. However, regional
differences in the relative abundance of copepodss; euphsusids, amphi-
pods and chaetognaths resulted in notable differences in the plankten
population from station to atation.

In seme instances, one or another species dominated. Thus, at
Station 18, the cepepod Calanus tonsus formed the bulk of the catch
from 150-0 meters. Surface hauls at Statiens 12, 13, 17, 35, 37, 38,
yielded very large numbers of Pgeudocalsnus minutua. Oikopleura spe
was predominant st the surface at four stations (4, 6, 10, and 14)
as vere eggs at Station 10 in a haul frem 10-0 meters.

2) Abundance of phyteplankton in the summer cruise, June 8 = 16, 1955.
It is imposeible to state on the basis of a survey lasting only two
weeks whether the eonditions encountered in June 1955, are typical for
this peried of the year. The late spring and relatively cold June of
1955 may’have affected the abundance of diatoms and delayed the period




of peak abundance; according to von Hoff's Law a 10% rise in
temperature incresses the rate of metabolism 2 to 3 times. Campbell
(1929) found that temperature changes and plunkbten cccurrence are
definitely correlated within the limits of 10% - 15%. Within thege
limits, at least, an inerease in temperature is aceompanied by an in-
crease in plankten in the Strait of Georgia.

Although absolute abundance of diatoms during the period of this
study is only a measure of the standing crop it is probably indicative
of & fairly productive area (Fig. 10). The maximum number of diatom
eells per liter (124,480) in the Strait of Georgis does not compsrs with
20,000,000 cells recorded in the Clyde Sea in April 1927 (Marshall and |
Orrs 1927). Comparison between the maximn count obtained in June 1955
(25/100,000 vol.) and the maximum volume reported by Hutchinson and
Lucass in July 30, 1927 (110/100,000 vol.) show that the values obtained
on the latter date were roughly four times higher. This suggests that
catehes taken in June 1955 were preceding or following a peried of
greater abundance and that greater quantitles could be expected from

the area.

Few diatems were taken at Stations 13, 16, and 17 clese to the
Fraser River estuary (Fig. 10)« This region is characterized by a low
salinity (Pig. 11) and a high turbidity. The latter greatly reduces
the depth of the photic zone which in turn affects the growth of phyto-
plankton. In the center of the Stralt the sbanding erop in June, 1955
was higher in the western portien than in the eastern portion; only
Station 18, located st the mouth of Vancouver Harbour, where more
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Fig. 10. Phytoplankton abundance from surface to depths of 10, 20, and 50 meters, June 8 - 16, 1955.
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extensive mixing is taking place, showed a relatively high standing
crop. Several authors (Hutchineon and Lucas 1931; Tully, 1932;
Waldichuk, 1952) have cbserved a larger flow of Fraser water aleng

the eastern portion of the Strait bringing lower salinities to the
area. Temperaturses are also colder in this region (Fig. 3)« The
salinity gradient is therefore one of the chief factors affecting the
general abundance of phytoplankton in this central region of the Strait.

The standing crop of the surface waters at Stations 35, 36, and
38 in the northern avrea was high (Table II). Tully (1932) found a
decrease of phosphate concentration during the summer and lew silicate
values (1 mg/l. in July) in this area. This decrease in the chemical
constituente can be atiributed to phytoplankton acbivity and since the
latter region is lecated in the less turbulent part of the Strait
(Tully, 1954) it is evideni that depletion of silicates will limit
phyteplankton growth. Tully (1932) suggests that other nutrients do
not reach concentrations low encugh to limit the development of phyte-
plankton.

The highest standing orop appeared south of Point Roberts at
Statlon 6. Hutchinson and Lucas (1932) and Waldichuk (1952) feund
that strong physical and chemical gradients existed in this reglen
wherse fresh and salt water mixing cecurs. Both fresh water and sea
water masses contributed certain favourable factors ﬁ'@r the rapid
growth of the phytoplankton pepulation.
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3) Abundance of zooplankton and phyteplankton in the fall
eruise, November 7 - 10, 1955.

The collections taken in November present a plcture of the
abundance of plankton in the central and northern regions of the
Strait. Sinece the data (Table III) were taken only during the day-
1light m@a they do not give a true quantitative value, but only an
approximation of the abundance of plankten in November. Except for
a regien of moderate concentration (Fig. 12) at the boundary of the
central and southern regiens of the Strait (Stations 7A, 84, 94,

104, and 114) and thmse wldely separated localities of moderate
concentrations (Stations 184, 194, 20A, 30A, and 36A) the whole area
of the Strait, covered in November, supported a uniformly low concen~
tration of geoplankton. It has already be pointed out that the water
reachea an almost homegeneocus state in the autumn with colder tempe~
ratures than in June and a small salinity gradient. These two facters
are agsumed to be limiting in November. The region of moderate
concentration corresponds to the zone of greater fresh water and sea
water admixture off Point RHoberts where & high salinity gradient exists
4n November.

The center of sbundanee for the copepeds was in the 50«0 meter
gone. Among the copepeds, the juveniles of Calanus fi deus and
Pgeudocalanus minutus were predominant in 20-0 meters at Statiens 7,

&, 94, 10A, 114, 154, 18A, 194, 20A, 26A, 284, 30A, 31A, 334, 354, amd
364, while the adults of Calanus finmsrchicus, Corycaeus affinis, Pseudo-

galanus minutus, Pargcalanus psrvus, Torbanus disesudatus, and Acartia
longiremis were predeminant in 50-0 meters in the area. The copeped




TABLE IIX

Estimated numbers of zooplankion and volumes of phytoplankten collected
November 7 ~ 10, 1955

Position

Zooplankton Phytoplankton

Stn. Time Depth Water gtrained
Hoe Latitude Longitude Date T (m) ) °§§";§” Eef:ﬁ: or
74 48° 571 15" ¥ 123° 08! 00 W HEev.9 1610 10 2.03 o2 <1
m v n 1620 100 20429 1028 <1
8r 148° 55t 51" N 3;23“ 11t 300w ® 1651 50 10.15 1148 <1
8i n u 1705 110 22.33 660 <1
94 48° 5 zu 18" § :4.:23'*B 611209 w 182 20 Y 603 1
9% ] 1830 100 20«29 108 1
108 48° 56‘ 06" N 123° 18 WrW ow 1752 10 2.00 1460 <1
104 " v 1804 150 3045 408 <1
114 49° 00t 00" K 3.23‘ gr3onw @ 1510 10 2.03 1761 <1
1A » " 1518 100 20.29 641 3
LA 49° 03' 43" K 123' 20210 W U0 20 L..06 313 <1
154 » » " 415 200 40.58 203 1
154 49° sz 00" B 123° 31t 450 W @ 1304 10 2.03 1136 a1
154 " n 1315 150 3045 437 <1
188 49°: gi 00" § 123° 25¢ 02" W MNov.7 1335 10 2.03 1599 <1
18k i " 1348 150 3045 621 <1
194 49° 1 5' 2% § 123° 29t 00" W " 25 50 10.15 1037 1
194 " " 1,38 200 L0 .58 334 <1
204 49° 12" 20" N 123° 33015 W » 1522 20 k.06 972 1
204 " 1535 250 50.75 258 <1
24 49° 0 9' 38" N 123" 32¢ 16" ¥ Hev.9 1145 10 2.03 371 <1
224 n 1155 100 20.29 309 <1
236 49° 11' 12" § 3.23° L2t 30" W How.7 1645 10 2.03 278 1
234 u w 1700 100 20.29 509 1
2k  19° 2t 220 § 123°39v 15" W @ 617 2 L+06 301 3
254 " ® 1625 50 10.15 251 <l



| Pesition

Stns Time Depth Water girained J .
Ho. Latitude Longitude Date PST (m) mg ﬂ?”s “ﬁ:ﬁ_
25A 49° 167 31t N 123° 40' 40" W Hov.9 1005 10 2.03 1
254 u . . 1015 50 10.15 ao'z; <3

26k L9% 21t 220 N 123° 43t 30" W o 0859 20 4406 451 2
264 " " u 0913 150 3045 290 <1
27TA 49° 241 15" N 123° 48Y 5" W " 0803 2 406 289 1
274 » o " o8, 60 1238 301 1
284 49° 230 22v N 123° 54 24t W Hov.8 1030 20 L 06 1354 6
28A " " " 1045 230 46 69 234 1l
29A 49° 22¢ 12" N 12,%OL' 0" W  * 145 65 13.20 235 1
294 “ " u 1165 150 30445 165 <1
304 49° 26! 45° N 123°54' 15%* W ¢ 0940 10 2.03 a1 2
304 » " " 0955 150 3045 243 1l
314 49° 19V 45" N 123° 511 30" W @ 0845 10 2.03 510 2
31A " " n 0900 100 20429 269 <1
324 49°15% 16" N 123° 49v 30" W ¢ 0755 20 LJ06 173 3
328 " 8 " 081, 100 20 .29 234 <1
334 L49° 23t 38 R 124,161 050 W ® 1310 10 2.03 765 <1
334 " u " 1335 200 40.58 242 <1
44 49° 261 10" N 124° 21 50" W 23 50 10.15 250 L
34 0 " # 1442 150 30445 203 3
354 L9° 29V 22° § 12,°30t200W 0% 518 L 06 L28 2
354 # -’ 8 1530 100 2029 410 <1
36A 49® 33% 28* B 124° 26 508 W ¢ 12 10 2.03 1390 10
364 . " u 1630 100 20.29 304 1
37A L9 ISV OONE 12A4° WU LSH W ¢ 1713 50 10-&5 500 2



4o W,

i —
123° W,

T
2
; BRITISH cecLumMmBI A
|
i

Fa9eM— o
|
|

ZOOPL ANKTON of

the UPFER _AYER
0-(10-20-50 meters)

NOV. 7-1lI
1955

Fig. 12. Zooplankton abundance from sur'facv2 to depths of 10, 20, and 50 meters, Nov. 7 - 10, 1955.




-Lb -

agsociation, with cé.laxzua finmarchicus and Pseudocalanus minutus as
predeminant representatives, must play an important role in the
surface economy of the Strait in Kovember.

Ho juvenile ewphausids were caught in November and adults were
found almost exclusively in the deeper hauls. The adults dominabted
the cateh at Statien 37A.

Chaetognsths and amphipods were found in small numbers ab
almest every station in the deeper hauls and on a few eccasionsz in
50~0 meters.

Diatems were so sparse in November as te be almost insignificant.
Stations 284, 344, 364, and 37A supported low concentrations of

Chactoceros cancavicornis. Coscinodiscus wallegli was common at most
of the stations visited in Novemler.

be Distribution of the Plankion

1) Vertical Distributian.

In comparing the abundanee of the different groups of plankben in
the upper 50 meters fream one area of the Strait to the other, the
problem of vertical distribution arises. The relative abundance of the

different groups may vary depending on whether the sample came from

100 meters, 20-0 meters, 50-0 meters or deeper. A%t Station 25, for
example, where hauls were made at 10-0, 20-0 and 50-0 meters, eggs

-

were w, 1

ant from 10-0 meters, copepods from 20-0 meters, and juv-
enile euphausids frem 50~0 meters. In order to study the vertical

distribution, cope el because they were the most

BOOE




important representatives of the plankton and contribubed many species
to the community. Analysis of samplee containing copspeds shows
that these animals fall inte three distinct groups:

1. the surface forms,

2. the subsurface forms,

3+ the deep forms.
When a species is common in the deep as well as in the shallow haulss
it can be sald that this species inhabits the surface layer. On Lhe
other hand, if a species is never caught in the shallow hasul and is
sbundant in the deep hauls, it is recognized as a deep form. When we
compare the abundance of one species at different depths, its vertieal
distribution can be determined within narrow limits (Fig. 13).

Species such as Acartis clawsi, Acartia longiremis, Centropages
i, Parsgalanus parvus, lortanus discaudatus, and Epilabidocers
amphitrites inhabit the surface layers (10~0, 20-0, and 50-0 meters),
and Ghiridius temiispinus live in the deeper layers (2500 meters).

Seolecithricells minor,

Other groups of enimals in the plankten alsc seem to follow a
similar pettere of distributien. Euphausids as & group are represented
by several larval stages. The nauplii and metansuplii were generally
abundant at 10-0 meters, while the calyptopis, fureilia and ¢yrtepia
stages were found deeper. Juvenile Galanus were sbundant at Stations
12 and 35 in the upper 20 meters. Qikopleura was predeminant at 10-0
‘meters, and was seldom found deeper.

2) Horizontsl distributien at constant depth.

Variatiens in abundance at constant depth for June & - 16, are




Species

100 2-0 500 1000 1500 200-0 250-0

Depth in Ranges of Meters

Surface
forme

Oithona sp.
Pseudocalanus

minutus

Acartia c¢lausi
A. longlremis

Centropagee

monuryichl
Tortanus

diseaudatua

Microsetells roses)

(Oneaea cenifera

Paracalanus parvus

Corycaeus affinis
Calanus
finmerchicus
Eucalanus bungli
Diapterms sp.
Calanus tensus
Epilabidocera
amphitrites
Diesacous

splnaeus

Metridia longa

Sub=
gurface
forms

Galdius pungens
Ascomyson rubrun
Eurytemora
Johanseni
Metridia lucens
Buchaeta japonica
Mierocalanus
pusillus
Idys furcata

 Gentregaptilus

Desp
forms

porcellius
Chiridius
tenuispinue
Scolecithricella
minor
Aetideus armatus
Cendacia ¢olumbiae
Harpacticus
unirvenis

Fig. 13. Histogram showing the occurrence of copeped
The heavy lines indicate the zenes of

dJune & - 16! 1955'
maximm abundanes.

s at different depths,
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demonstrated by the histograms (Fig. 14). The total mooplankten
values are plotted in numbers per cubic meter. The shaded portion
of the histograms represents the number of copepods in the eatch and
the narrew ¢olum to the right shows the volume of diatem cells per
liter prasent in the same plankton sample.

At 10-0 meters, all stations but two (Stations 7 and 30) have
concentrations higher than 2000 snimals per cubic meter; seven dis-
play cencentrations ranging from 2000 to 4000 animals (Stations 1, 2,
16, 18, 33, 36, and 41); three more exhibit numbers of the order of
4000 to animals (Stations 23, 25, and 31), and seven have higher
concentrations (Stations 4, 10, 11, 12, 13, 15, and 22). An inverse
correlation exists at 13 out of 19 stations, between mooplenkten
guantities and diatom volumes. Where high blooms of diatoms occur,
such as at Statiems 10, 18, 33, 36, and 41, the number of animals ie
low. Statien 12 has a very large number of animals and & low diatem
population. Low diatom concentration are also found at Statiens 1, 2,
7s 11, 12, 13, 16, 23, 25, and 30.

The mituation is somewhat different at 20~0 meters. Statiens 5,
26, 27, and 28 have concentrations helow 2000 animals per cubic meter;
Station 1L shows a value of 2800 animals per cubiec meter; Stations 17,
20, 24, 25, 32, and 38, have values ranging from 4000 te 6000 animals;
and Statiens 21 and 35 have over 10,000 animals per cubic meter. An
inverse correlatien between sooplankton and phytoplankten is apparent
at Station 38 where dialems predmmafae and gooplankton counts are lowe
The Mw of animals increases markedly at Station 35, near by, where
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diatoms are less rumerous. At Stations 5, 17, 20, 24, 25, 26, 27, and 28,
distom velumes are low. Much higher counts are recorded at Statioms 21
and 35. At this depth copepeds still form the major part of the catch,
as shown at Statiens 17, 25, 32, 35, and 38.

At 50~0 meters only Station 13 had a concentration exeeeding 40O
animals per cubic meter; seven exceeded 2000 (Statiems 1, 6, 12, 24» 25,
34, and 37) and five had less than 2000 snimals per cublc meter (Stations
8 19, 27, 29, and 43). Station 6, which exhibits the nighest diatom
concentration is located off Point Roberts, a reglon of relatively great
turbulence. Moderate diatem concentrations also occur at Stations 12 and
29. Olkopleura sp. daminated the catch at Statien &, eggs and euph-
ansids were found to predeminate over copepeds at Station 13. At all
other stations copepeds were always the deminent group of animals ab
50«0 meterse

Greater deptha do not need to be considered in detail. It is
evident that quentities decrease very rapidly below 50 meters. A1l
stations but five have concentrations below 2000 animals per cubie
meter. The other five stations (4s 21, 34» 35, end 37) have values
panging frem 2000 to 4000 animals per cubie meter.

Applying the same analysis for the lighter November catehes, a
similar type of distributien is found (Fig. 15).

A% 10-0 meters a higher emcentratim of animals per cubic meter
is found than at any other depths, and cepepods predominates. AL 200

and 500 meters copepeds are still the pred minant form, but the

relative concentratiens of animals are much smaller. Beleow 50 meters,
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where mature individuals aggregate, oatches are very small, except for
c¢hastognaths, euphausids, and amphipeds. Diatem volumes are so small
in Hovember that they do not appesar on the histograms.

1) Copepods.

Qopepods, either in the adult or larval stages, generally formed
the main bulk of the zooplankton. There were more spscies and more
individusls present in Juns than in November. Fraser (1918) also noted
fewer numbers of copepods in the winter at Departure Bay. |

In the month of June, whenever copepods dominated the catch,
Pseudocalanus minutus, Acartia longiremis, and Oithona ep. were mainly
responsibles These three species together contributed 65% of all cope-
peds taken during the cruise. They were supplemented by Calsnus spe
(15%)s Metridia longa (5%), Eucalanus bungid (5%), Metridia lucens
(%), and Centropeges memurrichil (3%). All ether species centributed
together anly 2% of the total cateh of copepods, in terms of numbers.

Wherever juveniles were very abundant the same three domlnat
speoies were respensible. Calanus spe alse contribubed very high
percentages of Jjuveniles.

zeepl&nkben and formed 77% of the total number of copepeds. Next came
Metridia lucens (10%), Scelecithricella minor (%), Micrecalanus
pusillus (), Corycasus affinis (%f), Acartia longiremis (%), Para-
es],amzaparws (1%) » and Buchaeta Japenica (1%); all other species
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formed less than 1% of the total catch.

The follewing sunmarizes the features of the species regarded
as significant. Little attention is given here to the rarer species
whieh must have some importance but contributed little to this study.
A kaystan‘atid treatment of the various species common in the British
Columbia waters hes been prepared by Campbell (1929) and most of the
speeies studied here have been reported as charvacteristic of the area.

Pseudocalanus minutus

The commonest speeiea in June and November hss a universal
distribution in the Stralt of Georgle. It is very asbundant through—
out the a&a and is f‘mmd at all depths sampled. This suggests wide
limits of survival for the species. It is one of the commonest species
at Friday Harbor (Jehnson, 1932), where it is most abundent in the
gpring and sutum. Cameron (1955) mentions that P. minutus was so
commen everywhere in the Queen Charlotte Islands as to be useless as
an indicator of water movements.

The percentages of P. minutus forming the total catech are falrly
uniferm for June and Novembers 29% of the total number in June, and
28% in Nevember. |

There is a definite degres of variation in the ratic of males,
females and juveniles forming the cateh for different perieds of the
year. The males appear to be more abundsnt at the onset of breé.
For example, in June, from & catch of 7629 individuals, 12§ were males
and 38% females. Several females weie egg-bearing and already 508 of
the estch was made up of juveniles. The number of males diminishes mere




rapidly than the females after the breeding season. Thus in November,
19555 1396 individuals were caught and the males amounted to only 4%
of the catch, and the females to 254 By this tims breeding must have
been completed by this species, because no egg~bearing females could
be found. Furthermore, the juveniles accounted for 71% of the catsoh.

Acartia
The genus Agartis is represented by two species in the Stralt of

Georgia: A. longiremis and A+ ¢laush. Of the two species, Acartia
ongiremis g by far the most abundant and is characteristic of the

whele Straite It sesems to be present at all seasons but shows wide
sundances Thus 186 of the cepepods taken in Juns was

yemis, while the same species accounted for less
than 2% of the catch in November. Wilsen (1938) mentions that in
. company with A. glausi thess species fom the chief constituents of
the plankten of Chesapeake Bay. Bigelow and Leslie (1930) found
pngiremis deminat in Menterey Bay at statiens near land and in

comparatively shallow parts at & few statiens farther cut. At Friday
Harber, Johnsen (1932) notes that A. leng

iremis is prement at all
seasens but never in very large numbers. He gives the menthly
s in the years 1927~1928, 1928-1929

distribution of A. longiremi
(Table IV).
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TABLE IV

Average menthly distribution of Acartia longiremis in 19271928 and
1928-1929 {after Johnson, 1932)

A« longlremis Sept. Oct. Nov. Dece Jan. Feb. March Apr. May June July Aug.

1927 - 1928 + 8 17 4 1l 3 b 5 9 9 0 2
1928 -~ 1929 + + 2 1 + + + + 3§ 5 2

+ present (counts animals in 1 ml of sample)

The sbundance of Acartia in June (Fig. 16) corresponded to the peak
of main increase in the Fraser discharge, and since the genus is known to
be euryhaline it is suggested that in our region it reaches its peak

abundence in summer, when low salinity warm water is widely distributed.
| It is distributed in the upper 20 meters througheut the Strait and
reaches its maxdmum consentrations at Stations 13 and 21, which are

located near the middle of the Strait opposite the Fraser River estuary.

The waters become almost isothermal in Hovember at 2.5% and the
upper zone of low ealini’y is found only in the vieinity of the Fraser
in the upper four maters (‘t‘ully and Deodimead, 1954). These phyeieal
| conditions may account for the low guantities of both species of Acartia
found in Novembey and for their distributien in the deeper waters.

 During the breeding sesson, males and females share the catch in
fairly wiform numbers, 25% for the males, and 32% for the females. When
breeding is not taking place, females far outnumber the males. For
example, in Nevember when the temperatures were too cold for the species
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to reproduse (Giesbrecht, 1905 ex Cameron, 1955 gives 11%C as the
minimun temperature for reprodustion) but warm enough for survival, the

females aceounted for 80% of the cateh, and the males for Lif. The=few
| The few copepodids stages taken in the fall were in a late period of
development, and showed many adult characteristics.

cartis clsusi is euryhaline (Cameron, 1955) and should have been
found in large mubers in June, but only scattered animals were found
throughout the "upper zome®. No reason, ae yet, can account for this
wnusual distribution since Cameron (1955) reported the species as common
in most areas in the Queen Charlotte Islands. The possibility arises
that the main concentration has been missed, or existed outside the
areas investigated. A. glausl is rare in November: two specimens only
have been found at Station TA.

' Qithona
This microcopepod has two representatives in the Strait of Georgiat
0+ helgolandiea and Q. plumifera. An snalysis of several samples showed

that Q. helgelandiea was always move cammon then Q. plumifera. The

former was very sbundant in the Strait in June when it fermed 18% of the
cateh, but was still more important in November, when it formed 255 of
the gabeh. Samples from most stations were analysed only for tetal
counts of the genus. AL seversl stations, however, the individuals were
pecies and subdivided into sexes. The sample taken at

station 11 which is a representative sample from 100~0 meters indicated
the following cempositien: Q. helgolandiss, 3 males, 66 females, and L
juveniles; 0. plumifers, 7 ;fma.laa; Every sample thus analysed produced
s much greater number of Q. helgelendic




Qithena wes fMd at all depths st all stations in abundance but
with a greater concentration in 50-20 meters. 0. helgolandies which
is a littoral species (Wilson, 1932), is able to stand a wide range of
phyaical and chemical fluctuations of the waters. Its abundance
suggests limits of survival beyond those feund in the Strait. On the
other hand, Q. plumifera, which is a pelagle species and chiefly
tropical in ite distribution (Wilsen, 1932), is not able to achieve
great sbundance unless the waters have the optlmm conditions for the
reproduction and development of the species. Both a high temperature
and salinity will be required. Sinee these conditions are seldom met
in the Stralt of Geergia in summer, this may aceount for the scarcibty
of the species. When the tempsrature and salinity distribntions are
more homogeneous in November (sse II) Oithona helg erlmdéiea attains a
higher concentration. Q. helgolandica is also reported to be more
numercus in the fall on the Paslfie Coast at Friday Harbor (Johnson,
1932) and at La Jolla (Bsterly, 1928).

The pattern of distribution of this genus is diffieult to inter-
pret from the availeble data. Because of taxonomic difficulties, the
juveniles of Galanus tensus and Galenus fir
identified with certainty to species.

rehicus could net be

Twe things made this genus impertant: first, the presence of a
large number of Juveniles, and second, the presence of a great swarm
of adults at Statien 18 (Fig. 5)» Juveniles of Calanug sccounted for

L& of the cateh in June and 25% in November, thus making it one of the

most significant constituents of the zooplankten. This swarming
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behavieur has been noted by several authors (Esterly, 19055 Bigelow
snd Leslie, 1930; Jeohnsen, 1932).

It eeems unusual that Calsnus finmarchicus and Calanus tonsus
should breed in such numbers in the Strait since beth are more pelagic
then ldtteral in distributien (Sers, 1903) and thus must result from
invasions from oceanic water through the Strait of Juan de Fuca. When
more is lmown about the distribution of each species in the Stralts of
Georgla and Juan de Fuca, some more apparent explanation may be evident.

The adults of C. F

rehicus were present at all bubt three

stations and always in small numbers. A total of 13 males and 90 female s
were identified. C. tonsus ocewrred in much larger numbers than C. fin-
marghious. 4 tetal of 909 individusls were jdentified as maless As for
G

crigtatus, only four immature females were found in the Strait.

In November, only C. finmarchicus could be feund, and it was never
present in abundance. The juveniles were spread throughout the area,
but were most abundant at Stations 7A and 8A, within the influence of

the Fraser River.

numereus copepods found in the Strail of Georglas It is represented

by two speciest M. lucens and M. longa.

The species M+ lusens is generally feund with Galenus finm

in 100~0 meters hauls. The males, which are less numerous than the
females (193 males, 512 females) ave found in shallower water than the
females. In N vember the males were found at all depths. Semples taken
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at 20-0 meters and 10«0 meters yielded several adult specimens. The
females, on the other hand, were sbserk from the upper 50 meterse

Metridia has an extensive vertical migration. Esterly (1928)
notes that they are absent from the surface during the day, but are
very sbundant at the surface at night. The wales of M. lucens, although
jess abundant than the females, are more generally distributed. Hales
were found at 31 stations in June, and females at 26. In November
msles were taken at 2), stations, and females were found at 18.

M. lugens is more numerous in the fall. Idke Calanus finmarchicus

it has two breeding periods, ene in the spring, and ene in the fall.

The spring epawn must take place quite early in the season in the Strait,
einee in mid~June only 164 of the specles were made up of young, vhile
8% were adults. Except for two males of Metridia lengs, =1l the

g of this

November catoh of Metridis was made up of M. lucens. Breedi

species was taking place extensively in November. The cateh in
November was as follows: 264 males, 33% females, and L1f younge

There are wide seasonal fluctuations in the sbundance of Metridia
lengs. It wes found in grester mumbers than M. lugens in June, but was
very rare in November. It is net lmown whether this is a typical

seasonal variatien.

Campbell (1929) mentiens the presence of K. clongatus near Station
1 in the Strait of Georgia. As the maln distinetive character of this
species she claims the presence of a therax with rounded ends to be

diagnostic. I belleve the specimens whieh she recerds beleng to the




species Eucalanus bungii. Johnson (1932) and Devis (1949) sescciste
the above character with EB. and not with B« glengatus+ The
latter bears points laterally on the pesterior thoracic border.

Eucalenus bungii was found during the June erulse only. The
satches were made up mostly of juveniles that live in the upper layers.
Cameran (1955) did not find E. bungli shallower than 50 meters in the
Queen Charlette Islands, but it was found in greater numbers in 50-0
meters during this study. The adult males and females were generally
found in the deep tews, but a good percentage were alac distributed
fram 100-50 meters. Begause of the umiformity of temperature and
salinity of the lower szone from 50 meters down, it is not surprising
to find them in shallewsr depths in the Strait than in the Queen
Charlotte Islands. The greatest abundance of this species in Pacific
waters is recorded at 200 fathoms at Scripps (Esterly, 1928). The
greatest numbers of E. bungii were seaught at Stations 13 and 2, bub
the distribution was ubiquitous in the Strait of Georgisa.

Centropages memurril

This ealanoid was aleo common in June only in the Strail ef Georgla.
Unlike the preceding species, it is a true pelagie form, eccurring close
to the surface of the sea. Twe distinet areas of abundance were found,
the first lecated arcund Statiens 13, 20, 21, and 22, and the other
centered areund Stations 34 35, 37, and 38. @entropages memaurichi can
apparently telerabe wide ranges of Tluctuation in salinity, as shewn by
its presence in waters of salinity as low as 2% , and as high as 20 % »
and alse by the fact that heavy breeding was taldng place in paris of the
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Strait having & sslinity less than 10% « Twenty-four pereent were
males, 19% were females, and 57% wers immaturs. In these two regions,
relatively high phytoplankton concentrations occurs Where there was

a very low concentration of diastoms such as at Statiens 1, 2, 4s 5: 7»
11, 155 16, 17» 19, 27, 41, and 43 this specles of capepod was less
abundant. In regicns of very high phyteplankton concentrations, such
as at Stations 6, 10, 12, and 36 the concentrations of Q. memurrichi
were also low. It seems then thal the species needs s supply of
distoms high eneough to previde ample food, but not so high that it may
cauge exolusion. "According to Hardy's view (1936) ... certain of the
animals during a part of the day swim upward inte the layer of water
where diatoms are being produced. The duration of their sojowrn in the
" upper layer is inversely related to the concentration of the phytoplank~
ton. Tius they are excluded vertically for a considerable period of time
when diatem preduction has resulted in a dense swarm of diatems" (Hardy,
1936 ex Sverdrup et al, 1954).

The young of the species were most abundent in 20~0 meters, and
the adult a little deeper (Table V).

TABLE V

Humbers of juvenile and adult Centropages ;

10«0, 20Dy 500y 100=0, and 150-C m@tﬁ?ﬁ; Jme 3 léa 1955«

h in Renges of Meters ..
a-e%pzc-e 2587 5860 1500 _

Juveniles 6 w7 111 W3 69
Mults M n % B ®




Other speeies of restricted distribution.
Among the species encountered oceaslonally but never in abundance,

in the plankbon samples were: Oncsea gonifera, Scolec minor,

atfinis, Mr Parsga-
lanus parvus, Jertanus disosudstus, Epi

pungens, Chiridius tepuispinus, and a few others. The species not
listed wers represented by only a few scattered individusls.

Ongsea gonifera has been shown to live in the polar reglons as
well as in the troples (Wilson, 1932). It can therefere adapt itself |
to considerable flustuations in the enviromment. In the Queen Charlotte
Islands, Cameren (1955) feund that its presence was generally character—
istic in areas of high surface temperature (above 13.5%) and that it
inhabited the upper 75 meters. It is distributed even deeper in ithe
Strait of Georgla. It was found at all depths, bul never in abundance
in hauls taken shallower than 100 meters. It was common at Statiens 5,
1hs 29, and 31 at 100 meters or deeper. Ten males and 90 females were
ecounted from 33 stations in June. All the males bub ene were found
attached to the females, indicating that the species breede in these
latitudes. In November 25 femsles wers noted at 16 differant stations,

but no males were found.

golegithricelle minor was found only cccasionally in June, but
frequently in November. Typlcally this ecpepoed is a pelagic form (Sara,
1903) and is not found in lew salinity water. Its distribution in the
Strait varied with the seasons. In June neither adults ner young were
¢ound in the eupplementary heuls taken shallower than 50 meters, but both
were present in the deeper hauls. The high salinity of the "lower gzene"




was apparently sultable for the species, judging by the abundance of
copepodids present. In November both adults and young oseurred through=
out the water column, even in the 10~0 meters hauls. They were present
throughout the avea, bubt never in large numbers. In November juveniles
accounted for 455 of the catch, adult males 15§, and adult females 40%.

lus is one of the smallest calaneoids. It is

widely distributed in deep water but never found in the upper 50 meters.
" In June it was present st two-thirds of the stetions. The centers of
abundance were located at Stations 20 and 33. Males formed ATH of the
sateh, and females 53%. M. pusillus was caught most commonly in the

Hovember hauls. It was absent at one station and comnor

at Statiens 144,
20A, and 28A. The catch comprised 43% males, 56§ females, and 1% young.

Acsording to Bsterly (1928) Coryeaeus affinis ocecurs in greatest

abundance in June-September, and least in February-May at La Jolla.

Puring the two yeara‘ that observations wers made, a perded of least
abundanee began in November and extended through Junes On the other
hand Esterly (1928) feund there was a great increase in July. The

affinie

data recorded here does not agree with his findings. Ceoxy
appesrs to be much more numerecus and widespread in November than in

June in the Strait of Georgia. In June it was tsken in less than one-
half of the tows, and never cccurred in any quantity. In November it
was sbundent ab several statiens and present in more than two-thirds
of the samples. All representatives cbtained were adult and came from
the "ypper sene".

nica was the largest of the copepods found in the
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Strait of Qeorgla. In June, males, females, and young were always
found deeper than 50 meters and were never in large numbers. They
were present at half the stations. The males made 30% of the catch,
the females 10%, and the young 60%. E. japoniga was present at all
stationa in November and at four of them in fair numbers. The young
were found in shallew water and the adulis in deeper water. Males
formed 16% of the total nmumber, females 15%, and juveniles 69%.
Paracalsnua parvug. Very small mmbers were counted in June.
 The species was found at almost every station in November although
never in abundance. It usually occurred near the surface of the
water. The females always outnumbered the males (937 against 7).

discaudatus is defined as a sumer species by Wilson

(1932). It was never found in any quantity during this study. It
appears to be a euryhaline species. In the summer it was confined

to the “upper zone" and in the autumn it was restricted to ths area
adjacent to the Fraser estuary. Only males (65%) and young (35%) were
found in November.

Epilabidosera amphitrites was found very infrequently in the
gurmeyr; end alwsys in small numbers. The catch was made up mostly of
young (674)s The distribution could only be estimated, due te Low
catehes. On the basis of the distribution of those snimals taken, the
species is assumed to congregate in the upper meters. In the menth
of November enly ene juvenile was seen in all the samples studied.

iridius tenuispinus have been described as
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Avetic species by Sars (1903)s They were very rare in June and oceurred
in the "lower wene®. They were found in two-thirds of the hauls in
Hovember, but again in emall numbers.

A11 other forms listed (see ppe 19, 20, 21) bub not discussed
were represented by only a few individuals and were too rare to enable
drawing any conclusiens frem their distributien.

2) Appendicularians.

The enly appendiculeria identified to genus was Oikepleurs. The
widespread occurrence of these appendicularians (Fig. 17) is indicated
4n the June planktons demonstrating the faveurable econditione provided
in the Strait of Georgla for the growth of these organisms. Thus

Oilopleura was suffieiently abundant to be given the second place in
the list of sbundant gooplankters. In the shallow tows, sppendiculariens
were represented enly by larvae which were found at all), stations, some-
times in mmbers great encugh to suggest centers of preodustion. In sush
cases they far emeadiéthe number of copepeds as illustrated at Stations
2, ks 65 10 Lhs 15, 22, and 41 (Table I). Johnsen (1932) never found
them in great sbundance et Friday Harber, bub found them eenstantly
present. He also found a slight increase in June and Octeber, when
temperatures wers apparently epﬁimnm at 943% ~ 10+6°%. The larger
nurbers indicated sbove were faumi slightly below 12°% in the Strait of
for the most part in

Georgia. Bigelew (1930) found Q. labradorensis
temperatures below 12%. Accerding to this suthor, "since it is mosb
plentiful in temperatures of 1z°c < 13% at la Jolla, 12% may be set

as its upper optimum limit in the northeastern Pacific." It can thus
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be concluded that when temperatures of this order exist in the Strait,
such as were present in June, 1955, appendicularians will reach a peak
of abundance or an inerease in numbers. Campbell (1929) found them
uniformly distributed at all depths in the Strait of Georgla. She
reported also a greater frequency in surface hauls (5~0 yards) at 76%
of the stations, but she made no mention of heavy concentrations in

her swmer catches.

The hauls made in Hovember yielded enly small numbers of Oiko-
Ppleura. Apparently their peried of abundance does not eceur in the
autum, or at least in November, bscause only scattered adulis were
taken during this period.

3) Euphausids.

Euphausids pass through s number of larval stages in their
growth from the eggs to the adult individusls. The litersture is
somewhat confused concerning the number of stagese. BEvery author
recognizes the first six stuges: nauplii 1 and 2, metanauplii, and
calyptopis 1, 2, and 3. They are succeeded by various furcilia and
eyrtopia stages. Ruud (1932) has adopted a limited number of stages:
nauplii 1 and 2, metanauplii, calyptepis 1, 2, and 3, early furcilis,
intermediate fureilia, late fureilia, and all cybtopia.

The samples studied contained all the larval stages, but for the
purpose of this discussion I have limited treatment to the following
nupber of developmental stages:
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1. nauplii and metansuplii,
2. all calyptopie stages,
3. all furcilia giages,
L« all cyrtopia stages.
No adults were taken at any of the stations that ylelded larvae.
 The method of reproduction of this crustacean is very similar
to that which occurs in the copepods. The egge are shed in the waters
but the growth is slow and the animals do not reach sexual maturity
until they are two years old (Ruud, 1932).

The euphausids were present at every station in at least some
stage ‘of development in June. Nauplii and metaneuplii formed %% of
the catch, calyptopis 406, fureilia 43%, and cyrtopia & .+ The supple~
mentary hauls in mebers and 10-0 mebers contained move than half
of the namplii and metanauplii, s¢ it was evident that the twe larval
gbages were concentrated in the surface layers. Calyptopls were also
found in the 10-0 meters bub were more abundant in 50~0 meters and
100~0 meters, suggesting a deeper distribution. Fureilia were
abundsnt at all depths, bubt cyrtepia were only found twice in
abundance above 50 meters. This indicates that the species has a
deeper distributien as the animals develop (Table VI).

No larvs) stages of euphausids were found in November in the
Strait of Georgia. Some size variations ecourred, but alwsys within
the adult stage. The minimum length found was twenty-nine mm. and
some euphausids were as long as L5 mm. Tobal counts in cach sample
are given in Table VII.
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TABLE VI
Larval stages, by numbers, of euphausids,
June 8 - 16: 1955

. .. RNaupldi
Stne Date DPPPE' and  Calyptopis Furcilla Cyrtopla
e Metanauplid
1 June 13 10 - 1 - -
1 v 50 1 1 5 1
2 10 1 b 1 -
2 80 1 3 5 2
P 0 b4 1 - -
PO 100 5 12 12 1
5 o 20 - 1 2 -
5 n 200 - 3 - 10
6 50 - 35 - 3
7w 10 1 1 - -
7 " % " 1 o 1
g v 50 - 1 - 17
g v 120 - 1 13 9
w0 10 - 1 - 1
10 v 150 - 4 2 1
mn 10 - 33 18 -
v 100 - Iy 20 11
1z 1 % 7 1 3
12 " 50 3 3 L 1
i3 10 - 2 - -
13w 50 - 9 17 12
1, June 14 20 4 1l 2 1
1 " 200 1 2 6 3
15 " 10 i 1 1 -
15 » 150 - 2 6 3
16 June 13 10 - 3 [ -
6 v 100 - 13 8 25
17 o 20 & 3 3 !
17 " 15 5 8 18 12
" 18 Jdune i 10 - 18 5 1
i3 " 150 - 1 17 1
19 o 50 - 7 - 1
19 » 200 8 " 1 -
0 v 20 4 5 2
20 " 25 A 8 1 6




TABLE VI (conciuded)

meu
Depth and

Stn. O Metanaupiis Calvptopls Furcilia  Cyrtopis

Nos Date

16 75
133 160
16 6

June 13 20
" 150

June 14 10
L ’

100
June 16 10
" 100

June 14 20
" 50
June 16 10
"
W 5(”
" 100
June 14 20
H 15@
ki) 20
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TABLE VIX

Cencentration of adult euphsusids taken at different depths; based
on a total count of the animals in sach sample, November & - 11, 1955

Numbers of adult euphausids

Dapth (12 individual samples)
(m) 1 2 3 & 5 6 7 8 9 10 11 12
10 0 42 © 0 0 0 0 0 © ] ) 0
20 3 o0 0 0 ©0 0 © 0 ©
50 9k 0 8 0 0 0
60 '§]
65 0
100 &8 10 6 2 15 31 6 K 322 122
10 103 .
150 29 53 11 60 2 2 7 151
200 2 W 22
152

25

The four instances in which adult euphausids were found above 50
‘mebters may be indicative of tidal mixing bringing up desper foyms to the
surface layers. Thrw of these four hauls, for example, were made off
Active Pass, and the fourth haul was made off Gabriola Pass. BStrong
tidal currents and considerable mixing teke place at both these points.

Twenty-four hauls were made at depths exveeding 100 meters, and
each one contained euphausids. The general pattern of distributien

suggests large concentrations from 65 meters downware

Horizentally, the suphauside were found throughout the area of the
Strait of Georgia.

From these data it can be stated first, that the population has
'a deeper distribution as the animals mature and second, that spawning
takes place in late winter or early spring. In June, 847 of the young
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had reached the cyrtopia stages. In November, all the young had reached
the adult stage. The adults apparently carry the population through the
winter menths.

4) Chaetognaths.

Chaetognaths were found in fairly high concentrations in the
plankten samples. A preliminary study showed that at least three species
are found in the waters of the Straib. These are: Jagitta elegans,
Eukrohnia hamata, and Sagitbe lyra. The identification of the species
was made possible by referring to Iea (1955)¢ In June, . glegans

formed the bulk of the Chaetognath populatien, and was represented by
immature as well as mature stages. Immature stages only were found in
the pupplementary hauls taken in the 10-0 and 20~0 meters, ani mature
individuals were taken in 50-0 meters and deeper. Most of the population
wag concentrated in the upper 100 meters, and was widespread throughout
the Strait. Several specimens of E. hamats were found mixed with

S5+ glegans, but they never resched any high proportions. The quantitat-
ive distribution of S« glogans was not snalysed, but they were included
in the total counts. At Stations 5 and 17, two specimens of 3. lyra
were taken in the deep hauls. This pelagic species had been reperted
£rem the Queen Charlotte Islands, but nowhere else in B.C. waters (Leas
1954), and its presence supports the evidence that there is an intrusion
of ogeanic water into the basin of the Strait through the Strait of Juan
de Fuca.

Only two chaetognath species were found in November: Sagzitta slegans
and Eulcrobnia hamata. The former was taken at every statiom, while the
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latter was recorded enly at Station 37. Total counts of chastognaths
taken in November indicated no immature individuals but several adults.
These were present in all samples below fifty meters (Table VIII) but
were generally absent in samples from 10-0 and 20+0 meters.

TABLE VIII

Concentration of adult chastognathe taken at different depths, bassd
on a total count of the animals in each sample, November & - 11, 19%5

Xtmbera of adult chaetognsths
Depth (12 individual samples)

230
250

(m 1 2 3 4 5 6 7 8 9 10 1 12
10 b, 6 © 0 ©0 o0 1 o0 © 1 o o©
2 10 0 1 7 ©6 0 0 0 ©
50 16 10 15 5 1 43
60 1
65 7T ;
10 5§ 31 3% 28 29 2 1% 13 26 54
110 16
130 58 50 30 28 33 22 1
200 20 36 23
37
50

5) Amphipeds .

On the whole, amphipods did not form a very censpicuous part of
the plankton catches, but their lavge size adds signifiecantly to the
volume of gooplankton present.

Although emphipods were found at all depths, the eenter of abundance
of immature forms was situated between 50 meters and the surface whereas
the adults were located in éeepe&%éb}.a IX}.

Total ecounie were made f{rom the Hovember plankton samples.
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TABLE IX

Concentyation of adult amphipods taken at different depths, based
on a teotal ecount of the animals in each sample, November 8 - 11, 1955

Nwébera of édult amphﬁ.pade
Depth (12 individual samples)

m 1 2 3 & 5 6 7 & 9 1w 1 12
1 © 1 o © o ¢ ¢ © © o o o
2 o0 o o oo o 3 o 0o ©

50 2 ©¢ 1 © 0 1

60 1

65 0

100 1 16 10 1 22 U4 2 0 0 126
1o 6

150 3 15 27 1B W 35 7

200 K 3% 28

230 4

250 65

The grester sbundance of amphipods in the deepest hauls in November
contrasted with their predaminance in June in shallower water. This
faot was due to the absence of immatures in the hauls taken in November.
1.8% of adult amphipods were found at 65~0 meters and shallower, and
98.2% were obtainsd at 100-0 msters and deeper. In the 100-0 meter
' haul abt Station 37A amphipods were (following copepods) the most
abundant representatives of the plankton.

6) Gastropeds.

Although several groups of gastropods form part of the planicton,
their smsll size makes them one of the relatively minor constituents.
They include the young spiral-shaped gastropod larvas, the early oclam
larvaes and the pteropod larvae. Execept for the latier group, these
gastropod larvae are members of the plaokton for a short ’tima. They
are next to the appendicularians and euphausids in relative abundance
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in the samples, end are found throughout the Strait of Georgia in the
sumner and in the autumn. Thelr main distributien is between 100-20

" mebers (Table X). The group has been found at all depths outside
these limits, but not in high numbers. Their distribution was ubiquitous
in June and November. Campbell (1929) found them at 75% of the stations
in the 100~50 yard, and 30~20 yard hauls.

TABIE X

Vertical distribution of gastroped larvee and concentrabtions at esch
depths June 8 -~ 16, 1955

Depth | Noe.of me Eo‘af imﬂ.a Approx Jo.of % of the
(m) taken made abt larvae cateh of
each depth per haul larvae

10~0 19
200 71
1000 LOT
150-0 316
200(+)~0 157

EEEEE
B8Bvon
| EBSE o

| Barly clem larvae appeared in small numbers at two-thirds of the
ptations, end their vertical distributien was identical with that of
gastroped larvae.
Only six adult pteropeds, were aeen in June, and nene were seen
in November. This form is truly pelagic and is apparently brought
inte the Strait by the intrusion of oceanic water threough the Strait of

Juan de Fucs.

7) Ostracods and Cladccerans.
Ostracods and ¢ladocerans weve ameng the orustaceans ccourring


http://Apprex.lo.of

regularly but never in sbundence in the plankten samples examined. The
former group was found at two-thirds of the stations in June. Only
five mature individuals were caught above 50 meters. The remaining 118
individuals came fram deaper tows. Ab Stations 20 and 21, ostraceds
were cammon bub, in contrast to other areas, sne-third of the tetal
number of individusls was taken from a deep haul (2000 meters) at
Station 4l.

Both immature and mature ostracods were picked up in Hovember.
In the supplementary hauls from 50~0y 20-0, and 10-0 meters, most of
the catch consisted of immature individuals, while the deeper hauls
contained more adults. The data obtained could not be used to establish
the center of abundance for this group becauss of the small number of
very deep hauls. Ostracods were ubiquitous in November. The immatures
accounted for LUE of the total cateh and the adulis formed the remaining
607 » |

It was common during June to pick up a few adult cladecerans froem
the southern region of the Strait, but nene could be feund north of the
‘Fraser River. The populatieon was centered around Station 6 in 500 meters
and the most removed individusl was found at Station 22. The cladocerans
were living beneath the diatem pepulation and in the region of maximum

diatem goncentraticnse. Dakin and Colefax (1940) have also found clado-
gerans in grester sbundance right at or slightly after 2 maximu
plankton bloom, and living beneath the diatem populatien.

During November; three lmmature cladocerans and eight adults were
found at Station 194 in a meter haule
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8) larvae.
larvae of all kinds were vory frequently encountered in the plankton
catches. Over ninety percent were restricted to three groups: copeped
larvae, barnacle larvas, and erab larvae. Host forms were sbundant in
- June, but rare in November.

Ae a rule; copepod nauplii and metanauplii appearsd in greater
numbers in 100 meters, barnacle nauplii semewhat deeper (50-0 meters),
and oypris larvae of barnacles at 10-0 meters. Crab larvse were en-
countered much deeper. The zoeal stage was found rarely above 50 meters,
and the metazosal stage was centered in 100(+)<0 meters (Table XI).

TABLE X1

Average mumbers of copeped, barnacle, and crab larvae caught in each
haul, June 8 - 16, 1955

___Copey
(m) mmwd

metansuplid | nauplii | cypris | seea | netasoea |megalops

<1
<1
<1
<1
<1

300 9
20=C 5
50«0 12
100-0 7
100{+)~0 ¢

2 1 <1 <
3 1 <1 <
b 1 <1
3 1 <1
2 i

Eoawe
20 b

The copeped snd barnacle larvas were cbserved at every station
in vayying concentrations. The crab larvae were also noticed at most of
the stations, but always in smaller humbers than occpeped and barmacle

In addition to the larvae discussed above, a number of other less
frequent types were feund. These larvae included fish, shrimp, polychaste,




coelenterate, holothurian, and many others. Few larvae were
éne‘mtmd in November.

9) Distoms.

S8ince the concentration of distoms was fairly heavy at the time of
the first cruise, and the dinoflagellate concentration was very light,
phyteplankton was considered primarily in terms of diaboms.

0f the 111 samples collscted on the June survey, vall showed several
species of diatems (see pp. 26 and 27) whereas during November there was
a dearth of diatoms (ses p. 31).

In spite of the comparatively large number of species found in
June, few species were individually predominant in the samples. Ameng the
forty-aix speaies’identiﬁe&, the following nine were most conspicuous,
both in terms of sbundance and regularity of occurrence: Skelelonems
gogtatum, ’ dii, _ﬁz_@g_g& riata, Rhizosolenia
semispina, M@L lengieruris,
gerocs deeipiens, Chashoceros affinis, and w’wcam gurvisetug. Most
of the other species taken in June were only found at a few stations, or

were represented by scattered indlviduals. Qeseinodiscus wailesii was the
only genus cemmonly found in November. It is feund st 2ll seasons ab
Departure Bay (Gran end Angst, 1931). 4n accurate count was not pessible
with the counting chamber used because of the large size of this specles.
Hewever, it could be observed with the binocular. HNo count was made, but
observation of the samples permits describing it as “commen®. Jolnson
(1932) calls it an important species which is taken frequently ab Friday
Harbor duping the late summer and fall months, and totally absent fram
March te July. It was never seen in any of the June ssmples in the Stralt
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of Georgia. Its diatrigytim seemed to be ubiquitous.

letone

The genus Skelelonema is represented in the samples examined by

only ene species, Skeletonema costatum. No other genera of diatoms ex-
cesded it in sbundance in June (Fig. 18). It occurred at all the stations
from which samples were examined, and most of the time in very high concen-
trations. 8. gcogtatum was responsible for the very high concentrations
encountered at Statiens 6 and 12 and was predominant in the Hardy Recorder
samples. Jolmson (1932) mentions that it is very sbundant at Friday
Horbor, and is dominant at times in June and July. Gran and Thompson
(ex Johnson, 1932) found it deminant in the San Juan Channel on June 30,
1930 and between Spieden and Jones Islands en July 11, 13, and 22, and in
Bast Sound en August 8. The heavy concentrations cbserved in the Strait of
Georgls were not maintained through to November, singe not a single cell
was encountered in the fall samples.

The genus Thalessiosira is represented by three species in’ the
samples examined: T. norx » I+ rotula, and T. gcondenssta. Of
these the first wes, by far, the most predominant in beth June Hovember .
Thalagsiosira nordsnskioldii was seeond in abundanee only to Skeletonema
gcesbatum in June in the Hardy Recorder hauls, and the former reached its

greatest zbundance in s eoross-section frem Vancouver to Nanaime (Fig. 19).
In this labter cross-section over a distance of sbout fifteen milee T.

made up over 50% of the catch, and for another ten miles

ordensileldi:
it formed more than 753 of the total yield. Generally speaking, the genus
Thalassiosira came third in abundsnce, surpassed enly by the genera Chaeto-

geres and Skeletonema. HNo individual species of Chasetocercs ever excesded
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Fig. 18. Abundance of Skeletonema costatum at 10 feet, June 8 < 16, 1955.
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Fig. 19. Abundance of Thalassiosira spp. at 10 feet, June 8 - 16, 1955.
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iie All species of Thalassiosira were nearly always
present in the vertical haul samples, and very often T.

was present in grest abundence.

haetoo

- The genus Chastogeros, as a whole, is the most troublesome

taxonomically. It was alweys present, represented by several species,
and the chains of cells were usually so much twisted in the counting
chamber that identification was difficult and time-consuming. Some
species could not be identified because of their very smell sise using
ordinary methodss On the whole, however, the more abundant species had
characters sufficiently clear—cut to permit identification. The three
most abundant species were: (. gurvisetus, 0. decipiens, and C. affinig.
g+ curvisetus was the species most consistent in appearance for it
ocourred ab 80% of the stations. High concentrations of this latter
specles cccurred in the central and northern regions of the Strait in
June (Fig. 20). £. affinis was fairly regular throughout the eentral
and nherthern Strait, but was migssing at most of the statlons in the
southern Straits (. deelpieng had a rather patchy distribution in the
southern and central Straits, bubt wes falrly well represented in the
northern Straitb.
Hitmschia

The genus Nitzschla was predeminant in June. It was found in
lszge nubers in the vertical haul catches, especially in the deeper hauls.
At three meters it rarely ocourred in high concentrations, suggesting a
deeper distribution. The only species attaining numerical signifiecance
v@mm: Nitazschis sepista, and Nitgschia pungens. OSometimes one and some-
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Fig. 20. Abundance of Chastogeros spp. at 10 feet, June 8 = 16, 1955.
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timea the other appeamd abundant; although size variations make it
dmiuult in some instances to identify to species with certainty.
For this reason, the species were not tabulated separately. Many
species of Nitgschia oceour in deep water at La Jolla in summer,
although this genus is typically a winter or spring form (Allen, ex
Johnson, 1932)+ Johnsen (1932) adds that the winter tempsratures at
La Jolla are comparable with the summer temperatures at Friday Harbor,
where many specles were present at several gtations in July. He
agsumes that temperatures may constitute the limiting factor and that
the species found in cur latitudes belong to a different bﬂ.@l@@cﬁlx’a&e
than those found further south. The data reported here seem to support
this argumeat. It would appear that summer populations in the Strait
of Georgla beleng to the northern race, although more information is
needed, espeeially over the winter menths to substantiate this claim.
It is possible that the genus may be present {although unlikely) follow-
ing the November period.

Representatives of this genus were found in abund
Strait in June. One species; R. semis

anee all over the

ebetata, B+ delicatuls, and R. styliforwls) were not abundant. R.
gemisping is typieal of the warmer waters of the Sitralt in summer.
Aseording to Cupp (1943) R. gemispina has been found in sbundance only
in the Gulf of Califernia+ Although it was not abundant in November,

surrence together with its abundance in the warmer waters ef the
Strait in June suggest a similar situation to that recorded by Cupp
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(1943)+ Jomnsen (1932) does not repert R. gemispine in abundance from
Friday Harbor when the waters in swmer reach higher temperatures. As
a rule Jolmson (1932) never found the species of Rhizosolenia abundant
at any time of the year at Friday Harbor.

The geaus Biddy

hia was represented by three species, Biddulphia
longioruris, B. laevigs and B. surita. Of these, enly B. longicruris
cecurred regularly. In fact, it was universal in distribution, and in
June it reached very high cencentrations. The neritie conditions found
in the Strait of Georgia seem to account for ite sbunda

(1922) and Johnsen (1932) repert that it wes never met with in any
censiderable numbers at la Jolla and Fridsy Harbor respectively.

Johnsen (1932) notes that B. 48 has been noted in abundance

in Bast Sound, Orcas Island; in June. This island is loecated at the
southern end of the Stralb.

tion in June. It was present in more than two~thirds of the samples

and had its maximum coneentration off Point Hoberts. This genus may
have been confused at times with T}

lapsiothrix under the magnification
used in countings Cupp (1943) recogniges Thalaseionema as a neritiec
ppecies very common from Califernia to Alaska, while he describes Ihal-

- as oceanic and widespread. dJohnson (1932) found Thalagsiothrix

nearly slways present at Friday Harber although seldem abundant. He
does not mentien Thalassionema abt Fz'idasr Harber. Gran and Angst (1931)

do not inelude Thalassionems in their record of the distems occurring




at Puget Sound.

Pigure 21 shows the pergentage distribution at a depth of ten

- feet of the four most predominant genera aleng the Hardy Recorder
eross~sections (Fige 1). Along the line A~B, Thalassiosir

ceeds all other genera, but on all other lines (0<D, E~F, G-H) Skele

tonema is more abundant, except in a few localities where Chastoceres

asgiosira are found in greater numbers. Aleng the line C-D
~most of the eatch is made up of Skeletonema and Thalassiosi

Ghastoceres values are high enly in the firet few milsa of the tow.
The line E-F indicates much higher numbers of Chactoceros. Where the

the tow, Thalassiosirs replaces it and shows relatively high coneen-

trations. The last cross-sestion, G-H; is s transition line where
both Skeletonema and Thalassiosirs have high cencentrations. The order
of magnitude of the phyteplankton volumes aleng the four cross—sections

are presented in Figure 22, The higbest velues are found oppeosite

Peint Roberts on section C~D. This area is a region of streng tidal

On the line A-B values go on increasing frem Point Grey to
Gabriocla Islend, but decrease slightly in the immediate vicinity of
Vancouver Island. Hutchinson and Iueas (1931) also observed this
ent with
those of Hutehinson and Lucas. A slight increase is found south ef

Along the line E~F, values are in very close sgreen

Texada Island, but values ge¢ on degmasiag northwarde The volumes
ancountered around Stations 37 and 38 correspond to those found abt the
mouth of Vancouver Harbour. The line C~D agein agrees with the findings




-89 -
75 /—————L_“_«..ﬂ““{s,lg‘%_' RA sp.
0/050
25
/THA._ASSIONE%A $p.
T e T SKELETONEMA COSTATUM
. Y S ST I msael . GHAEIOCERCS SP.
A 3 6 9 2 15 18 21 24 B
: Distance in miies
75
SKELETONEMA
o _,COSTATHM
THALASSIOSIRA SP.
25
THALASSIONEMA SP.
e T2 -~ CGHeE T SEnT L S0
C 5 10 15 20 25 3c 35 40 45 50 D
Distance in mijes '
75
/2
PR 7 ~~___ 2KELETONEMA
% \ p . ~.COSTATUM
50 . , COSTATUM_
N
/
v \\/
25| Tl . CHAETOCEROS sP.
" (THALASSIONEMA sp.
T e T T < THALASSIQSIRA SP.
E 5 0 15 20 25 20 28 4G a5 F.
pistance in miles N
75
7S~
< SR g N -~ KELETONEMA
Yogo| , ~ ~. _--7T~L_ SKELE A
S o / . ‘COSTA uu
25
THALASS,'_QE'B_E Sp.
sp.
ggégggaim E

s 6 9 12 15 18 21 24 27

Fig.2l. pistance in miles




o

L 49°N

T
124 ° w, ‘ i23°w,

BRITISH COLUMBIA
VO
S W)

TOTAL DIATOMS
at 10ft, JUNE 8-16

@ Blcells/ise Mu3

Fig. 22. Total phytoplankton abundance at 10 feet, June 8 - 16, 1955.



-91 -

of Hutchingon and Iucas. Volumes of diatams inerease steadily south-
ward until they reach their maximun opposite Point Roberts« They then
decrease steadily in the last few miles of the section. The only cross~—
section which does not fit in with their results is the V-shaped line
opposite the Fraser River. The values obtained in this cross-section
(G-H) are maeh higher than those found on the line A<B. However;
knowing the seasonal variation that can ocour both in phyto plankben
abundance and all the phiysical and chemical factors operative frem year
to year, it is not surpriaing to find some inoonsistencies between data
reported for 1932, and that obtained in 1955,
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1. DBuring the summer when eceanographic conditions in the Strait of
Georgla vary widely a great variety of organisme is found. During the
autum, when the waters reach an almost homogeneous state; the number
and variety of forms diminished coneidersbly. In June, over 3L species
of copepodsy 43 species of diatoms, and 27 other groups of plankien
organisms éemrad in contrast with 21 species of copepeds,; 5 apecies
of diatoma, snd 19 ether groups present in November.

2. Three centers of different concentration of zooplankton can be
recognized and associated with the physleal and chemical characteristics
of the waters in the Strait of Georgla.

A) an arvea of high concentratien with warm surface temperatures and
- streng mixing of water masses; ‘

B) an area of intermediate concentration with colder surface
temperatures and 1itile mixing of water masgess

C) an area of low cencentration with still eolder surface

temperatures and litile mixing of water masses.

%s The number of disbtems found in June was low coompar

bigh values known from some other areas of the world. The data suggest
that the sampling

may have preceded or fellowed a perisd of greater
abundance. The waters north of the Fraser River contained large

emg and these seuth of the Fraser
rs and Skelebonema. Few
diatoms are taken close to the Fraser River estuary. The reglon is

quantities of Chastoceres and Skeleto

Biver showed high quantities of Thalassios:

characterized by very low salinities and high turbidity.
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Le Vertical distribution of mooplankten was apparent and the relative
importance of the different groups of plankton organisms varied at 10-0
meters; at 20-0 meters, at 50-0 meters, and deeper. Copepods are
grouped inte surface forms, subw-surface forms, and deep~water forms.
Many more species were found in the "upper gmeune" (500 meters) than st
greater depth. Generally the larval stages inhabited the first few
meters and the adults lived at a greater depth,

5+ Although the number of species of gooplankton and phyteplankten
was large only a small number of forms were deminant, The cepepods
jocalanus minutus, Acartis longlremis, and Oithona sp. contribubted
65% of all copepods in June and Pgeudecalerus minutus, Oithona
Qalanus finmarchicus formed 778 of the total number in November. Also

 the diatoms Skeletonema

lens always exceeded, by far, all other species in
yailegil was predaminant in November.

ghae‘bgg eros deeip

June, and Cosecinodiscus

6+ The ratio of adult meles to females wéa, in some copeped spevies,
unequal in June and November, the males being more abundant at the on~-
set of breeding but later diminishing in numbers more rapidly than the
females after the bresding season.

7+ Copepeds generally formed the bulk of the zeoplankten. They were
very nugersus in June, but the numbers decreased in Nevember, When

juveniles were very sbundant the three domir
giremis, and Qithona |

ant specles (Fasudogal

lgolandioa) were responsible.

spandicularians reached a pedk in June in regiens of optimum
temperature for this group (12%). I, such areas they far exceeded




&

the copepod population and dominated the cateh.

9+ The population of euphausids is found to be distributed vertical=~
ly asccording to age. Thers is a deeper distribution of the species as
the larvas mature. OSpawning takes place in late winter and early
spring in the water of the Strailt of Georgla.

10. Both juvenils and adult chastognaths were present in the June
catches. Immature forms were found in the supplementary hauls taken
in and 20~0 meters. Mature forms ocouw

ed in 50-0 meters and
deeper. HNo larval forms were found in Now

SMDGT

1le The center of an

lance for amphipods lies between 50-0 meters
in June and below 50 meters in November. The shallower June distribu-
 tion is laid to the presence of several immsture individuals.

12. Over 90% of the larvae caught in June belonged to thres groups
only: copepod larvae, bamacle larvae, and crab larvae. Copeped
larvae were in the upper layer (10-0 meters), barnacle larvae were
found somewhat deeper (50-0 meters), and crab larvae were encountered
much deeper (1000 meters).

13. Diatoms were meogt abundant arcund a depth of 10 meters. The
western portion of the Strait supported a higher concentration than the
colder, less saline sastern pertion. The heaviest concentrations
occurred a little south of the Fraser Hiver estuary in an ares of "steep®
temperatuwre and salinity gradients.

14+ The euryhaline plankton arganf}sma were found in great sbundance
during June snd November 1955 Their distribution in the Strait of
Georgia is enly slightly affected by the oceancgraphic conditions because




- 95 -

the flustuations in the physical and the chemical characteristies of the
water lie within the limite of tolerance of the orgsnisme. The steno-
haline plankben organisms are limited to the more stable "lowsr zone'.
Within this “lower sone" the asbundance and distribubtion of the steno-
haline forms do net vary very mueh gince tampe?atums and salinities
are fairly consbant in space and time. The euryhaline heliophyllie
forms (diatoms) are the mest abundant. They ave found in regions where
fresh water originating from the Fraser River and saline water in the
Strait mix. This mixing process favours phyboplankion zbundance in at
least two ways. The mixed waters may contain certain physical and
chemical fastors lacking in any one of tie fresh and sea water masses
alene. Also the entraimment of deeper saline water into the upper zene
. may bring up putrients where they are available to phyteplankten.
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