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Macrozooplankton and Small Nekton in the Coastal Waters

Off Vancouver Island (Canada) and Washington
,

Spring and Fall of 1963

By

DONALDS. DAY, Oceanographer

National Marine Fisheries Service Biological Laboratory
Seattle, Washington 98102

ABSTRACT

Eight species of euphausiids, 5 species of mysids, and 14 spe-
cies of fish were identified. Euphausiids composed about 90 percent by
number of the organisms caught, and fluctuations in their abundance were
concomitant with changes in the biomass of the samples. The bulk of the

organisms collected at night were in the upper 30 m. All species were
taken by a 0.9-m. Isaacs-Kidd midwater trawl.

The concentration of organisms was lowest near shore, reached
a maximum at or near the outer edge of the continental shelf, and de-
creased again farther offshore. The concentration of organisms was
greater in the southern part of the region than in the northern part. This
distribution was apparently related to the general surface circulation.

Seasonal fluctuations were indicated by a decrease in biomass from spring
to fall.

INTRODUCTION

Predictions of the location and abundance
of commercial fishes that depend on plankton
for food can be improved by a knowledge of the
distribution and numbers of plankton within
large regions of the sea. The waters over the
continental shelf and slope along the west coast
of the United States and Canada appear to be
one of the world's highly productive marine
environments (Reid, 1962). Little is known,
however, about the distribution and composi-
tion of the macrozooplankton and small nekton
inhabiting the region off the coasts of Vancouver
Island, British Columbia, and the State of
Washington. Aron (1959, 1962) reported on the
abundance and distribution of oceanic macro-
zooplankton and small nekton in the north-
eastern Pacific Ocean during the summer of
1957 and the summer and early fall of 1958,
but he obtained only a few samples in the
coastal region. Pearcy (1964) and Pearcy and

Laurs (1966) studied the seasonal composition,
distribution, and migration of the mesopelagic
fishes over the continental terrace off the
Oregon coast. The taxonomy and distribution
of euphausiids in the Pacific Ocean has been
studied by Banner (1949); Boden, Johnson,
and Brinton (1955); Brinton (1962a); and
Hebard (1966). Banner (1947, 1948) investi-
gated the taxonomy and distribution of the
mysids in the northeastern Pacific Ocean.

In spring and fall 1963 during oceanographic
cruises of the RV George B. Kelez (Ingraham,
1967), macrozooplankton and small nekton were
collected within 185 km. of shore from Cape
Cook on Vancouver Island to Willapa Bay,
Wash. The purpose of my report is to show
the abundance, distribution, and composition of
these organisms over the continental shelf
and slope.



METHODS

A 0.9 -m. Isaacs -Kidd midwater trawl (Isaacs
and Kidd, 1953; Aron, 1962) was used to

sample the animal population. The body and
throat of the net were constructed from
64-mm. (stretched measure) cotton netting with
a liner of 13-mm. bait netting in the throat
(fig. 1). The cod end was a nylon plankton net

of 3-mm. mesh with a mouth 1/2 m. in diam-
eter.

Collections were obtained from May 3 to

May 16 (79 samples) and from October 28 to

November 22 (60 samples) along lines per-
pendicular to the coast. Four lines of stations
were spaced about 111 km. apart during the

spring cruise (fig. 2), and nine lines of sta-
tions were spaced about 56 km. apart during
the fall cruise (fig. 3). Stations were located
near the 55-, 183-, 914-, 1,829-, and2,377-m.
depth contours on each line except line V, where
all stations were near the 183-m. depth con-
tour. An additional station at the 119-n-i.

depth contour was sampled during the fall

cruise on lines II, III, IV, VI, VII, and VUI.
During the lowering, towing, and retrieval

of the net, the speed of the vessel was main-
tained at 3 to 4 knots. Depth of the trawl was
based on a 4: 1 ratio for wire length to depth,
established by repeated lowerings of the trawl
with a bathythermograph attached to the de-
pressor. Depths are believed to be accurate
within +20 m. at a depth of 150 m. and +8 m,
at 30 m. The average length of time for lower-
ing and retrieving the net from the sampling
depths was: 7 minutes for 150 m., 3 minutes
for 75 m., 1 minute for 30 m., and less than 1

minute for 20 m. or shallower. Additional in-

fornnation on the towing characteristics of

similar gear is given by Aron, Raxter, Noel,
and Andrews (1964). The catches probably in-

cluded animals from water above the sampling
depths, because the net was open throughout
the tows.

Samples were obtained from shallow oblique
tows (30 m. to the surface) at each station during
both cruises (appendix tables 1 and 2). Inaddi-

tion, samples from deep oblique tows (1 50-30 m.)
were taken at stations where the bottom depth
was 914, 1,829, or 2,377 m. during the spring
cruise (appendix table 1). All tows were made
between 1 hour after sunset and 1 hour before
sunrise. Tows were made in steps: for the
shallow tows, 8 m. of cable were retrieved
every 2 minutes for 15 steps; and for the deep
tows, 16 m. of cable were retrieved every
minute for 30 steps until 120 m. of cable re-
mained in the water. This remaining length of
cable was retrieved as rapidly as possible,
usually within 1 minute. Thus, the duration of
the tows was 30 minutes from the time the net
reached maximum depth until it was at the upper
limit (surface or 30 m.) of the depth interval.

Horizontal tows were taken at two stations
during the spring cruise to provide informa-
tion on vertical movement of organisms in the
upper 150 m. (appendix table 3). At station 8,

samples were obtained at dusk, midnight, dawn,
and afternoon during a 24-hour period at the
surface and depths of 15, 30, 75, and 150 m.
(Because of equipment failure, samples were
collected at 4:00 p.m. instead of "noon.") At
station 17, samples were taken at dusk, mid-
night, dawn, and noon, at the surface and depths
of 10, 20, 30, 75, and 150 m. At both stations,
the net was at the specified depth for 10
minutes.

At the laboratory, water was removed from
the samples by filtering through nylon cloth
having about 1.5-mm. mesh. Fishand medusae
larger than 1 cm. were removed, and the re-
mainder of the sample was weighed with an
accuracy of + 0.1 g. The volume of eachfiltered
sample was determined by displacement of 5-

percent Formalin in a graduated cylinder. The
values for weight and volume had a correlation
coefficient of 0.99. In this paper, weight is used
as the measure of biomass. Samples of more
than 30 g. were subdivided by a Folsom
plankton splitter (McEwen, Johnson, and Fol-
som, 1954) so that the subsamples contained
about 400 organisms. The organisms from
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Figure 2.—Station locations, spring 1963. (The 183- and 1,829-m. depth contours are shown.)

these subsamples and the remaining samples
were sorted according to taxonomic groups
and counted (appendix tables 1, 2, and 3).

Species of euphausiids, mysids, and fish were
identified and their distributions are discussed
in the following sections.

To evaluate sampling variability, four repli-
cate shallow and deep oblique tows (four sam-
ples in each interval: surface to 30 m. and 30-
150 m.) were made during the spring cruise at

station 12 and two replicate shallow tows were

made at most stations on lines III, VI, and
VII during the fall cruise (total of 30 samples).
Averaged coefficients of variation for the wet-
weight values (computed from the replicate

tows) were used as criteria for judging the

significance of areal differences in the biomass
values (figs. 4 and 5). The coefficients were 28

percent in spring and 46 percent in fall for the

shallow tows, and 17 percent in spring for the

deep tows.
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Figure 3.—Station locations, fall 1963. (The 183- and 1,829-m. depth contours are shown.)
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Figure 4.— Distribution of blomass as determined by shallow oblique tows (surface to 30 m.), spring 1963. (The 183- and

1,829-m. depth contours are shown.)



-^ LINE OF STATIONS

WET WEIGHTS IN GRAMS /TOW

I I

0-10

,

.
00

I 1 101-1,000

Figure 5.—Distribution of biomass as determined by shallow oblique tows (surface to 30 m.), fall 1963. (The 183- and

1,829-m. depth contours are shown.)



GEOGRAPHIC DISTRIBUTION

The quantity of macrozooplankton and snnall

nekton that were taken within the upper 30 m.
of the water column varied substantially in

the study area both seasonally and geographi-
cally. The relative abundance of macrozoo-
plankton within the study area and possible

reasons for variations in their distribution

are described in the subsequent sections on
biomass and major taxonomic groups,

BIOMASS
The biomass in the surface layer, estimated

from the shallow oblique tows, was consider-
ably greater in the spring than in the fall. In

both seasons abundance varied widely seaward
from the coast and from north to south along
the coast. Along lines perpendicular to the

coast, the biomass was minimal nearshore,
reached a nnaximum at or near the outer edge
of the continental shelf (183-m. depth contour),
and decreased again farther offshore (figs. 4

and 5), The only exceptions to this general
distribution were in the fall along line V,

where all stations were located at the 183-m.
depth contour near the Juan de Fuca Canyon,
and along line VIII, where the biomass reached
a maximum over the 119-rn. depth contour,

decreased to a minimum at 183 m., and then
increased seaward. Neither the distributions

of surface temperature and salinity, nor cur-
rents provide an immediate explanation for

this general pattern. Similar distributions have
been reported by Mednikov (1958) for the

Kurile -Kamchatka region of the northwestern
Pacific Ocean and by St. John (1958) for the

Cape Hatteras region of the northwestern
Atlantic Ocean.

The greatest biomass was found in the south-
ern part of the region. The boundary between
relatively high and low biomass was between
lines VI and VIll in spring, and shifted about
111 km. to the south, between lines IV and VI,

in fall.

The distribution of biomass was similar to

the general features (Ingraham, 1967) of the

surface circulation (surface to 200 m.). Low
biomass coincided with a distinct onshore
movement of offshore water near the middle
of Vancouver Island (figs. 6 and 7). Biomass
was high where the circulation was charac-
terized by eddies or reduced flows off the

coasts of Washington and southern Vancouver
Island. There was no evidence of continuous
northward flow of near-shore water along
Vancouver Islandnorthof lat. 48 N. (Ingraham,
1967),

TAXONOMIC GROUPS
The seasonal and geographic changes in the

distribution of biomass were examined relative
to the distribution of the most important tax-

onomic groups. Euphausiids were of primary
concern since they contributed the largest
numbers to the biomass.

Euphausiids

Eight species of euphausiids were identified:

Euphausia pacifica , Thysanoessa spinifera ,

T. longipes , _T. raschii, Tessarabrachion ocu -

Tatus , Nematoscelis difficilis , Nematobrachion
flexipes, and Stylocheiron maximum . These
species constituted 90 percent, by number, of

the total catch (figs. 8 and 9). E. pacifica

and T. spinifera were the most abundant
euphausiid species, contributing 76 and 14
percent, by number, of the organisms col-

lected (figs. 10-1 3). The differences in biomass
from north to south (figs. 4 and 5) were evi-

dently related to the distribution of E. pacifica

(figs. 10 and 11). Ninety-five percent of the E.

pacifica , by number, were collected from the

area of high biomass. T, spinifera was usually
more prominent, relative to the total catch,

where the abundance of E. pacifica was low.

The record of seasonal changes in abundance
and composition of euphausiids (tables 1 and 2)

indicate larger numbers of E. pacifica in

spring than in fall by a ratio of about 2 to 1.

Numbers of T. spinifera increased slightly

but their percentage of the total catch in-

creased markedly during the same period
(table 1). The substantial decrease in abun-
dance of E. pacifica accounted for most of

the reduction in biomass from spring to fall.

The seasonal decrease in bionnass was also

influenced by the presence of larger speci-

mens of E. pacifica and T, spinifera in spring
than fall. Brinton ( 1962b) stated that E. pacifica

may live as long as 2 years and spawn at least

twice and that two size-classes spawn off

central California in a period from April to

June: (1) males 13 to 14mm. andfemales 13 to

1 6 mm., and (2) males 17 to 19 mm. and females
18 to 24 mm. If these size-classes represent
age -groups I and II, E. pacifica collected in

spring (fig. 14) were primarily of age-group II

while most of the catch in fall was of age -group
I, with only a remnant of age -group II. The
similarity in seasonal shift in the modal size

of T. spinifera (fig. 15) and E. pacifica (fig. 14)

suggests similar seasonal age-class com-
position of the two species. Because the mesh
in the 0.9-m. midwater trawl did not retain

euphausiids smaller than 10 mm., the O age
group could not be evaluated.

Seasonal abundance and dominant species of

euphausiids were grossly different offshore
from the 914-m. contour, south of the Strait of

Juan de Fuca, E. pacifica was dominant in

spring, but T. spinifera dominated or shared
dominance with _E. pacifica in the fall (figs.

10-13). Numbers of E. pacifica were relatively



Figure 6.—Geopotential topography, 0/1,500 db., spring 1963. (The 183- and 1,829-m. depth contours are shown. Numbers

Indicate current velocities, cm. /sec.)



Figure 7.—Geopotential topography, 0/1,500 db., fall 1963. (The 183- and 1,829-m. depth contours are shown. Numbers
Indicate current velocities, cm. /sec.)
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Figure 8. --Number of euphausiids taken during 30-mlnute oblique tows from the surface to 30-m. depth, spring 1963.

(The 183- and 1,829-m. depth contours are shown as dotted lines.)
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Figure 9. --Number of euphausilds taken during 30-minute oblique tows from the surface to 30-m. depth, fall 1963.

(The 183- and 1,829-m. depth contours are shown as dotted lines.)
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Figure 10.—Number of Euphausia pacifica taken during 30-minute oblique tows from the surface to 30-m. depth, spring

1P63. (The 183- and 1,829-m. depth contours are shown as dotted lines.)
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Figure 11.—Number of Euphausia pacifica taken during 30-mlnute oblique tows from the surface to 30-m. depth, fall

1963. (The 183- and 1,829-m. depth contours are shown as dotted lines.)
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Figure 12.—Number of Thysanoessa spinifera taken during 30-mlnute oblique tows from the surface to 30-m. depth,

spring 1963. (The 183- and 1,829-m. depth contours are shown as dotted lines.)
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Figure 13.—Number of Thysanoessa splnifera taken during 30-minute oblique tows from the surface to 30-m. depth,

fall 1963. (The 183- and 1,829-m. depth contours are shown as dotted lines.)
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Table 1.—Number and percentage composition of euphausiid

species collected in the surface to 30-m. depth interval

at locations sampled in both spring and fall 1963



large in spring but much smaller in the fall.

Conversely, numbers of T. spinifera were
significantly larger in the fall than in the
spring. This increase in abundance oi T_. spini-
fera may be associated with upwelling that oc-
curs during summer off Washington and Van-
couver Island (Doe, 1955). The high abundance
of T, spinifera in the southern part of its range
has been associated with centers of upwelling
by Brinton (1962a).

Of the remaining euphausiid species, N. dif-

ficilis was found in significant numbers only
in the fall at stations 27 and 28 where it con-
stituted 31 and 27 percent, respectively, of

the total euphausiid catch and included egg-
bearing females. T^, raschii was taken only at

station 20 in the mouth of the Strait of Juan de
Fuca. Other species appeared only sporadically
in the samples.

Other Groups

Larval and postlarval benthic fishes were
identified as belonging to the families Cottidae,
Scorpaenidae, Hexagrammidae, Liparidae,
Pleuronectidae, and Agonidae. Fourteen spe-
cies of mesopelagic, epipelagic, and neritic
fish were identified (table 3).

Mesopelagic fishes were numerous over the

continental slope but were not collected over
the shelf (table 4). They were in only 2 of 18

samples along the outer edge (183 m.) of the

shelf (station 1 in spring and station 39 in fall).

Pearcy (1964) found a similar distribution of

mesopelagic fishes over the continental slope
and shelf off the coast of Oregon.

Table 3.—List of fishes collected by Isaacs-Kldd mldwater
trawl off Vancouver Island and Washington, spring
and fall 1963

Mesopelagic Epipelagic and neritic

Bathylagidae: Engraulidae
Bathylagus paciflcus En^raulis mordajc

Melanostomiatldae: Osmeridae
Tactostoma macropus Thalelchthys pacificus

Jfyctophidae: Scomberesocidae
Electrons arcticaA Cololabis salra
Myctophum califomiense 2

Tarletonbeania crenxilari.'^ Anoplopomatidae
Diaphus theta Anoplopoma fimbria
Lampanyctus leucopsarus -^

Lampanyctus ritterl Anmodytidae
Ammodytes hexapterus

Paralepldidae:
Lestidium rln^ens

^ Scientific name has been changed to Protomyc tophum
crockerl.

3 Scientific name has been changed to Stenobrachius
leucopsarus .

Mysids were caught only in fall at the near-
shore stations south of line VI. Five species
were identified: Neomysis kadiakensis , N.
rayii , N. americana , Acanthomysis macropsis

,

and A. columbiae . N. kadiakensis was the domi-
nant mysid except at station 20 at the mouth
of the Strait of Juan de Fuca. N. rayii was at
only two stations; it was the dominant mysid
at station 20 but contributed only about 3 per-
cent, by number, to the total mysid catch at
station 23. The limited distribution of N. rayii
was similar to the distribution of the
euphausiid, Thysanoessa raschii.

Table 4.—Numbers of mesopelagic fishes collected in individual trawl samples from the surface
to 30-m. depth interval, over different depths of water off Vancouver Island and Washington,
spring and fall 1963



VERTICAL DISTRIBUTION

The quantity of macrozooplankton and small
nekton that were taken at various depths within
the upper 150 m. of the water column differed
diurnally and between sampling locations. The
relative abundance of macrozooplankton and
small nekton within the water column are de-
scribed by the distributions of biomass and
major taxonomic groups.

BIOMASS

Vertical distribution was investigated in the

present study to determine the depths of maxi-
mum abundance within the upper 150 m.
throughout 24-hour periods. During the spring
cruise at stations 8 and 17, horizontal tows
were taken at dusk, midnight, dawn, and noon
or afternoon within 24-hour periods. The use
of a net with an opening and closing mechanism
would have provided better resolution of the
depth distribution in any one sample, but
sonne generalizations can be made from data
obtained with an open trawl. The must larger
quantities of organisnns collected in the upper
150 m. at dusk, midnight, and dawn than in the
afternoon (station 8) or at noon (station 17)

indicated an apparent diurnal vertical migra-
tion to depths in excess of 150 m. (figs. 16 and
17).

DUSK MIDNIGh DAWN AFTERNOON

m
15 30 75150 15 30 75 150 15 30 75 150 15 30 75 150

SAMPLE DEPTHS (METERS)

Figure 16.— Distribution of biomass by time of day and

depth, at station 8, spring 1963.

ML
10 20 30 75150 10 20 30 75 150 10 20 30 75150 10 20 30 75150

SAMPLE DEPTHS (METERS)

Figure 17.— Distribution of biomass by time of day and

depth, at station 17, spring 1963.

Additional information on the nighttime ver-
tical distribution of the biomass was provided
by samples from oblique tows near the 914-,
1,829-, and 2,377-m, depth contours during the

spring cruise. The well-mixed surface layer
was sampled by towing obliquely through the

upper 30 m. Tows from 150 to 30 m. were
taken to sample the layer from the base of

the halocline through the thermocline. Most of

the organisms were collected in the surface
layer at all stations except station 7 (fig. 18).

TAXONOMIC GROUPS

Distributions of the most important taxo-
nomic groups were examined in relation to time
of sampling and some oceanic features. Eu-
phausiids and crab larvae were of primary con-
cern since they contributed the largest
numbers to the biomass.

Euphauslids

In the spring some gross differences were
apparent in the nighttime vertical distribution
of several euphausiid species. Most E. pacifica
and T^. spinifera were caught in the shallow
oblique tows, whereas T. oculatus was most
abundant in the deep oblique tows (table 5).

Catches from horizontal tows at stations

8 and 17 indicated that euphausiids were rare
at the surface throughout the 24-hour sampling
periods. At dusk, midnight, and dawn, the

IB
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Figure 18.— Distribution of biomass in spring 1963 as wet weight in grams per 30-minute tow. (The 183- and 1,829-m.

depth contours are shown.)

largest numbers occurred at 30 m, at station
8, and within the upper 30 m. at station 17
(table 6). These slight differences in distribu-
tions may have been affected by the bright
moonlight during the sampling at station 8 and
the absence of moonlight at station 17.

All euphausiids, with the possible exception
of jr. longipes were more numerous in the
upper 150 m. during dusk, midnight, and dawn
than at noon or afternoon. T. longipes showed
evidence of vertical migration at station 17,

but not at station 8 (table 7), Differences in

sampling time and vertical distribution of tem-
perature and salinity at these two stations may
have affected the differences in distribution.
T. longipes was found in the upper 150 m.
during the afternoon at station 8, where a

well-mixed surface layer, about 60 m. thick,
existed above a sharp thermocline; it was not
taken at station 17 at noon where these physical
features were missing (fig. 19). Brinton
(1962a) noted that the vertical movements of
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Table 5.—Number and percentage of euphausiid species collected in spring 1963 at depth intervals
of surface to 30-m. and 30- to 150-m. at stations 2, U, 7, 8, 11, 12, 13, 16, 17, and 18

Species

Euphausiids
collected

Surface-
30 m.

Percentage
species caught

in each interval

Surface-
30 m.

30-

150 m.

Frequency
of occurrence

Surface-
30 m.

30-
150 m.

Number Percent Percent

Euphausia pacifica
Thysanoessa spinifera . • .

.

Ttiysanoessa lon^ipes
Nematoscelis difficilis .

.

Tessarabrachion oculatus .

Nematobraehlon flexipes .

.

Stylocheiron maximum

U,223



Table 7 Number of euphausiids of six species collected at different depths in horizontal tows
during the 24—hour sampling periods, spring 1963



TEMPERATURE

Figure 19. -Temperature and salinity profiles at stations

8 and 17, spring 1963.

Table 8.—Numbers of crab larvae ( Cancer sp.

)

collected at different depths at station 8

during a 24—hour sampling period, spring
1963

Depth
Larvae collected

Dusk Midnight Dawn Afternoon

Meters Number Number Number Number

Table 9.—Numbers of postlarval benthio fishes
collected at different depths at station 8

during a 2'+-hour sampling period,
spring 1963

Depth
Fishes collected

Disk Midnight Dawn Afternoon

Meters Number Number Number Number

15

30
75

150

634
55

10
47
14

1,084
31

204
7,728

1,108 1

36 10

12 49
38 2

112 9

15

30
75

150

19

6

5

2

29
1

3

133

2

15

2

3

1

Tarletonbednia crenularis was the only spe-
cies of mesopelagic fish collected in large
numbers at stations 8 and 17. About 84 percent
of the total catch was taken at the surface

(table 10). Similarly, Pearcy (1964) found high
concentrations of this species at the surface
off the coast of Oregon.
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Table 10 Numbers of Tarletonbeania crenularls collected at different depths at stations 8 and
17 during the 2'i-hour sampling periods, spring 1963

Depth
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APPENDIX

Appendix Table 1.- -Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, spring 1963

Station:



Appendix Table 1. --Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, spring 1963--contlnu=>d

Station:



Appendix Table 1. --Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, spring 1963--contined

Station:



Appendix Table L. -Analyses of samples from 30-minute oblique tows taken

off Vancouver Island and Washington, spring 1963- -continued

Station:



Appendix Table 1. -Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, spring 1963- -continued

Station:



Appendix Table L. --Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, spring I963—continued

Station:



Appendix Table 1.- -Analyses of samples from 30-minute oblique tows taken

off Vancouver Island and Washington, spring I963—continued

Station:



Appendix Table 1. --Analyses of samples from 30-minute oblique tows taken

off Vancouver Island arjd Washington, spring 1963--contlnued

Station:



Appendix Table 1. --Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, spring 1963—continued

Station:



Appendix Table 1. --Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, spring 19^3—continued

Station:



Appendix Table 1.- -Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, spring I963—continued

Station:



Appendix Table 1. —Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, spring 1963- -continued

Station:



Appendix Table 1.- -Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, spring I963—continued

Station:



Appendix Table 1.- -Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, spring I963 --continued

Station:



Appendix Table 1.—Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, spring I963- -continued

Station:



Appendix Table 1. --Analyses of samples from 30-minute oblique tows taken

off Vancouver Island and Washington, spring 1963--contlnued

Station:



Appendix Table 1. --Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, spring 1963- -continued

Station:



Appendix Table 2.- -Analyses of samples from 30-minute oblique tows taken
off Vancouver Islanid and Washington, fall I963

Station:



Appendix Table 2, -Analyses of samples from 30 -minute oblique tows taken
off Vancouver Island and Washington, fall I963 --continued

Station:



Appendix Table 2. -Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, fall 1963--contlnued

Station:



Appendix Table 2. --Analyses of samples from 30-mlnute oblique tows taken
off Vancouver Island and Washington, fall I963 --continued

Station:



Appendix Table 2. --Analyses of samples from 30-niinute oblique tows taken
off Vancouver Island and Washington, fall 1963- -continued

Station:



Appendix Table 2. --Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, fall 1963—continued

Station:



Appendix Table 2. -Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, fall I963 --continued

Station:



Appendix Table 2. -Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, fall I963 --continued

Station:



Appendix Table 2. --Analyses of samples from 30-mlnute oblique tows taken
off Vancouver Island and Washington, fall 1963 —continued

Station:



Appendix Table 2. -Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, fall I963- -continued

Station:



Appendj-x Table 2. -Analyses of samples from 30-mlnute oblique tows taken
off Vancouver Island and Washington, fall I963 --continued

Station:



Appendix Table 2. --Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, fall I963 --continued

Station:



Appendix Table 2, --Analyses of samples from 30-mlnute oblique tows taken
off Vancouver Island and Washington, fall I963 --continued

Station:



Appendix Table 2. --Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, fall I963 --continued

Station:



Appendix Table 2. --Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, fall I963 --continued

Station:



Appendix Table 2.- -Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, fall I963 —continued

Station:



Appendix Table 2, -Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, fall I963 continued

Station:



Appendix Table 2, -Analyses of samples from 30 -minute oblique tows taken
off Vancouver Island and Washington, fall I963 —continued

Station:



Appendix Table 2, -Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, fall 1963 —continued

Station:



Appendix Table 2.- -Analyses of samples from 30 -minute oblique tows taken
off Vancouver Island and Washington, fall I963—continued

Station:



Appendix; Table 2.- -Analyses of samples from 30 -minute oblique tows taken
off Vancouver Island and Washington, fall I963- -continued

Station:



Appendix Table 2. --Analyses of samples from 30-mlnute obllq^ue tows taken
off Vancouver Island and Washington, fall I963 --continued

Station:



Appendix Table 2. -Analyses of samples from 30-minute obllgue tows taken
off Vancouver Island and Washington, fall 1963 --continued

Station:



Appendix Table 2. -Analyses of samples from 30-mlnute oblique tows taken
off Vancouver Island and Washington, fall 1963--continued

Station:



Appendix Table 2. --Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, fall I963—continued

Station:



Appendix Table 2. --Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, fall I963 --continued

Station:



Appendix Table 2. --Analyses of samples from 30-mlnute oblique tows taken
off Vancouver Island and Washington, fall 1963 --continued

Station:



Appendix Table 2. --Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, fall I963 —continued

Station:



Appendix Table 2. -Analyses of samples from 30-mlnute oblique tows taken
off Vancouver Island and Washington, fall I963 continued

Station:



Appendix Table 2, --Analyses of samples from 30-minute oblique tows taken
off Vancouver Island and Washington, fall I963 —continued

Station:



Appendix Table 3 -Analyses of samples from 10-minute horizontal tows taken
at stations 8 and 17, spring 1963

Station:



Appendix Table 3.—Analyses of samples from 10-minute horizontal tows taken

at stations 8 and 17, spring 19^3—continued

Station:



Appendix Table 3 ---Analyses of samples from 10-minute horizontal tows taken
at stations 8 and 17, spring I963 --continued

Station:

Position: i+6°33' N. 126°50' W.

^8°33' N. 126°^!' W.

i+8°3i+' N. I26°k8' W.
i+8''33' N. l26''i+9' W.

Date: 9 May 1963 9 May 1963

Sample niimber; 15 16

Time (P.D.T.): 01^3-01^^ Ol4-oU-OUl6

Sample depth (m-)

:

surface

TOTAL PLAMKTON
Euphauslacea
Copepoda
Crustacean larvae
Chaetognatha
Cnidaria
Pisces
Amphipoda
Pisces, eggs
Pteropoda
Sergestidae
Ctenophora
Cephalopoda
Annelida
Caridea
Cumacea
Thaliacea

Number



Appendix Table 3 -Analyses of samples from lO-minute horizontal tows taken
at stations 8 and IT, spring I963 —continued

Station:



Appendix Table 3- -Analyses of samples from 10-minute horizontal tows taken
at stations 8 and 17, spring I963 —continued

Station:



Appendix Table 3. --Analyses of samples from 10-minute horizontal tows taken

at stations 8 and IT, spring I963 —continued

Station:



Appendix . Table 3

•

-Analyses of samples from 10-minute horizontal tows taken
at stations 8 and 17, spring I963—continued

Station:



Appendix Table 3- -Analyses of samples from 10-minute horizontal tows taken
at stations 8 and 17, spring I963—continued

Station:



Appendix Table 3 ---Analyses of samples from 10-minute horizontal tows taken
at stations 8 and 17, spring I963 --continued

Station:



Appendix Table 3. --Analyses of samples from 10-mlnute horizontal tows taken
at stations 8 and IT, spring 1963 —continued

Station:



Appendix Table 3 ---Analyses of samples from 10-minute horizontal tows taken
at stations 8 and 17, spring 1963 —continued

Station:



Appendix Table 3. --Analyses of samples from 10-minute horizontal tows taken
at stations 8 and 17, spring I963 —continued

Station:



Appendix Table 3 ---Analyses of samples from 10-minute horizontal tows taken
at stations 8 and IT, spring 1963 --continued

Station:



Appendix Table 3. --Analyses of samples from 10-mlnute horizontal tows taken

at stations 8 and 17, spring 1963 --continued

Station:



Appendix Table 3 • --Analyses of samples from 10-minute horizontal tows taken
at stations 8 and 17, spring I963—continued

Station: 17 Ji.
Position: k6°k3' N. 125''21' W,

i^6°4^' N. 12^°20' W. h6°k3'
N. 125''20' W,
N. 125 °21' W .

Date: 16 May 1963 16 May 1963
Sample number: 60 61

Time (P,D„T.): 0052-0111 0112-0125
Sample depth (m): 75 30

Number Percent
TOTAL PLAIWTON

Euphausiacea
Copepoda
Crustacean larvae
Chaetognatha
Cnidaria
Pisces
Amphipoda
Pisces, eggs
Pteropoda
Sergestidae
Ctenophora
Cephalopoda
Annelida
Caridea
Cumacea
Thaliacea

9^



Appendix Table 3. --Analyses of samples from lO-minute horizontal tows taken

at stations 8 and 17, spring I963 —continued

Station:



Appendix Table 3. -Analyses of samples from 10-mlnute horizontal tows taken
at stations 8 and 17, spring I963—continued

Station:



Appendix Table 3. -Analyses of samples from 10-minute horizontal tows taken
at stations 8 and IT, spring I963—continued

Station:



Appendix Table 3- -Analyses of samples from 10-minute horizontal tows taken
at stations 8 and IT, spring I963 --continued

Station:



Appendix Table 3. --Analyses of samples from 10-minute horizontal tows taken

at stations 8 and IT, spring I963—continued

Station:



Appendix Table 3, -Analyses of samples from 10-minute horizontal tows taken
at stations 8 and 17, spring I963 —continued

Station:



Appendix Table 3.—Analyses of samples from 10-mlnute horizontal tows taken

at stations 8 and 17, spring 19^3—continued

Station:



Appendix Table 3. --Analyses of samples from 10-minute horizontal tows taken
at stations 8 and 17, spring I963—continued

Station:
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