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Fish Larvae Collected from the Northeastern Pacific Ocean

and Puget Sound During April and May 1967

By

KENNETH D. WALDRON, Fishery Biologist

National Marine Fisheries Service

Northwest Fisheries Center

2725 Montlake Boulevard East

Seattle, WA 98102

ABSTRACT

Fish larvae belonging; to 24 families and the suborder Blennioidea were collected

from Puget Sound and the Pacific Ocean off British Columbia, Washington, and Oregon

during April and May 1967. All families and the Blennioidea were present in oceanic

waters, but only 13 families and the Blennioidea were present in Puget Sound. The most

abundant families in the oceanic area were Scorpaenidae, Myctophidae, and Pleuronectidae,

whereas in Puget Sound the most abundant families were Gadidae, Pleuronectidae, and

Scorpaenidae. Variations in composition and numbers of larvae in the catch were

associated with area, water depth, water temperature, and time of day at which the

collections were made.

INTRODUCTION

A large number of plankton samples have been

collected from the offshore waters of Washington
and Oregon, but there is a dearth of reports

about the fish larvae in these collections. This

lack of published reports became apparent during

an investigation of the spawning habits of

Pacific hake, Merluccius productus (Ayres), in

waters north of California.

In 1965 an experimental fishery developed for

hake off the coasts of Washington and Oregon,

as well as within Puget Sound. At the same time

scientists at the National Marine Fisheries

Service (NMFS: then the Bureau of Commercial
Fisheries) began studies of the life history of

hake found in these waters.

Two stocks contribute to the hake fishery of

Washington. One is present throughout the year

within Puget Sound, possibly extending north-

ward into the Strait of Georgia, and is known to

spawn in Puget Sound.' The second, called the

oceanic stock, is present in the coastal waters

from California to at least southern British

Columbia (Grinols and Tillman, 1970; Nelson,

1970; Nelson and Larkins, 1970). From May to

November, adult oceanic hake are abundant

northward from central California to Southern

Vancouver Island, with the center of abundance

off northern Oregon and southern Washington;

they are scarce or absent from this same area

from December through April. It is also known
that large numbers of hake eggs and larvae are

present in waters off southern California during

' Larkins, H. A., H. H. Shippen, and K. D. Waldron.
1967. Features of a northern Pu^et Sound hake popula-

tion. U.S. Dep. Commer., Natl. Mar. Fish. Serv., North-
west Fisheries Center, Seattle, Wash. Unpublished
manuscript, 19 p.



February through April (Ahlstrom and Counts,

1955). Based on these facts it was inferred that

hake migrate along the Pacific coast between a

northern feeding ground (late spring to fall) and

a southern spawning ground (winter through

early spring). The extent of the adult hake

population off southern California has not been

well defined, and few catches of the magnitude

of those made in the northern feeding grounds

have been made off southern California (Nelson

and Larkins, 1970).

Grinols and Tillman (1970) pointed out that

some hake populations move from shallow to

deep water during their spawning migration.

The evidence for such a migration among Pacific

hake was weaker than that for latitudinal migra-

tion, but it was felt necessary to investigate the

possibility by searching for eggs and larvae in

the area offshore from the northern feeding

grounds.

Existing reports of fish larvae and eggs were

based upon collections made at times of year or

with types of tows not well suited for collecting

hake larvae. LeBrasseur (1964,2 i965,:' 1970) did

not find hake in a large series of plankton col-

lections made over a number of years by the

Fisheries Research Board of Canada. Most of

the samples reported by LeBrasseur were

collected by vertical net tows; larval fish were

present in less than 5% of these tows.

Aron (1960) reported on collections made
with Isaacs-Kidd midwater trawls during the

summer. He did not find hake in oceanic collec-

tions but did catch 13 juvenile hake in Puget

Sound. After examining existing data it was
decided to search for hake eggs and larvae in

waters off Oregon, Washington, and British

Columbia at a time of year when hake would be

expected to spawn. This survey was undertaken

during April and May 1967, and also provided

a means of obtaining reference specimens and

information about the spawning behavior of

other fishes.

2 LeBrasseur, R. J. 1964. Data record: a preliminary
checklist of some marine plankton from the northeastern
Pacific Ocean. Fish. Res. Board Can., Manuscr. Rep.
Ser. (Oceanogr. Limnol.) No. 174, 14 p.

^ LeBrasseur, R. J. 196.5. Biomass atlas of net zoo-
plankton in the northeastern Pacific Ocean, 19.56-1964.

Fish. Res. Board Can., Manuscr. Rep. Ser. (Oceanogr.
Limnol.) No. 201, 14 p. text, [247 Fig.]

.

METHODS AND EQUIPMENT

A pattern of stations was laid out between
42° to 51°N and extending offshore about 550 km
(Fig. 1 and Appendix Tables 1 and 2). Within

these bounds, stations were located with ref-

erence to certain bathyorographical features,

e.g., the Cobb Seamount (U.S. Naval Oceano-

graphic Office, 1971). Along the inshore portion

of each line, stations were located at the 55-,

119-, 183-, and 914-m (30-, 65-, 100-, and 500-fm)

isobaths. Along the deeper portions of the lines,

stations were spaced at 111 km (60 nautical

miles) intervals. Two NMFS vessels at Seattle

were used to carry out the survey. The RV
John N. Cobb was used to sample at the inshore

series of 40 stations, i.e., those located from the

55 to 914 m isobaths, and the RV George B.

Kelez covered a series of 48 stations beyond the

914 m (500 fm) isobath. All stations were fished

between April 12 and May 11, a period believed

to be near optimum to discover evidence of hake

spawning, if indeed any occurred in the area. The
John N. Cobb fished 3 Puget Sound and 40

oceanic stations between 12 and 19 April; the

George B. Kelez fished 11 Puget Sound and 48



oceanic stations between 24 April and 11 May
(Fig. 2).

Collections were made with 1-m nets con-

structed of white No. 30XXX grit gauze (nomi-

nal mesh aperture 0.7 mm when new and 0.5-

0.6 mm after some use), similar in design to a

1-m net used extensively by the California

Cooperative Oceanic Fishery Investigation

(CalCOFI; Ahlstrom, 1952). These nets were
towed over an oblique path to a depth of about

200 m, depth of water permitting. Vessel speed

during the tows was maintained at 1 to 2 knots.

The net was lowered rapidly (about 50 m of

wire per minute) until the desired amount of

wire had been paid out, and the net was then

retrieved at about 20 to 25 m of wire per

minute. The amount of water strained was
estimated with a flowmeter^ mounted in the

center of the mouth of the net. A bathykymo-
graph. Marine Advisors Model T-1. attached to

the bridle of the net provided a record of the path

of the net through the water with respect to

depth and time. A single tow was made at each

station unless an obvious gear malfunction

occurred. Also, at each station the surface water

temperature was measured, a salinity sample
collected, and a bathythermograph lowered to

a depth of about 275 m.

Plankton samples were preserved in 10%
Formalin (3.7% formaldehyde) buffered with

borax, and returned to the laboratory for further

processing. In the laboratory the displacement

volume of the total catch was measured, the fish

eggs and larvae removed, and the remainder of

the sample sent to the Smithsonian Oceano-
graphic Sorting Center in Washington, D.C.

Total numbers of fish larvae caught at each

station are presented in Appendix Table 3 and

the total plankton volumes in Appendix Tables

1 and 2. The actual numbers and volumes may
be converted to standard units through use of

Standard Haul Factors (SHF) presented in

Appendix Table 4. Factor (A), catch per 10

cubic meters of water strained per meter of

depth fished, should be used to standardize the

numbers of larvae because this permits com-
parison of numbers caught at different stations

(Ahlstrom, 1948). Factor (B), catch per 1,000

124

* Manufactured by Tsurumi-Seiki Kosakusho Co., Ltd.,

Yokohama, Japan.

Figure 2.—Location of fishing stations in Puget Sound
and adjacent waters, 10 April to 22 April 1967.

Stations are designated by dots for the RV John N.
Cobb and by triangles for the RV George B. Kelez;
station positions are listed in Appendix Tables 1 and 2.

cubic meters of water strained, can be used to

standardize the volume of zooplankton.

Because of the lack of any comprehensive key

to fish larvae of the northeastern Pacific Ocean,

identification was made by several means. Many
of the larvae were identified by comparing them
with specimens of known identity in the collec-

tions of the NMFS Fishery-Oceanography Cen-

ter at La JoUa, Calif. The identification of some
of the more northerly forms was based upon
specimens of the Fisheries Research Board of

Canada at their Biological Station in Nanaimo,
British Columbia. Identification of a few speci-

mens was made on the basis of published

descriptions.

Larvae were classified to the smallest taxo-

nomic group possible; in some cases this was



only to family and, in the case of blennioids,

only to suborder. Identification of some of the

larvae is tentative due to lack of adequate

published description or identified material.

Specimens not positively identified are shown
with a question mark after the listing.

RESULTS

Appendix Table 3 shows the catches of larvae

made at each station of the survey. Appendix

Tables 1 and 2 show the pertinent station data,

and text Table 1 shows the numbers of larvae,

percentage by area and by family, and the rank

for family groups represented in the catch.

Larvae belonging to 24 families plus the sub-

order Blennioidea were identified in the catches.

Only 13 families and the Blennioidea were

present in catches from Puget Sound. Catches

from the oceanic area included representatives

of 24 families and the Blennioidea. About 48% of

all larvae were caught at 14 stations in Puget

Sound and adjacent waters. The remaining 52%
were caught at 88 oceanic stations. Fish larvae

were caught at all but one station (George B.

Kelez Station 13), although at three other

oceanic stations only a single larva was caught.

Standard length (SL) of the fish larvae was
generally less than 10 mm, with a total range

of2.7to40mm.
Hake eggs and larvae were absent from the

oceanic areas, were scarce or absent from the

area just north of Puget Sound (Admiralty Inlet

and southern Strait of Georgia), but were
abundant in Puget Sound, especially in Port
Susan. Except for hake, fish eggs were not

separated by species and were not considered in

the remainder of this report.

The oceanic area was rather arbitrarily

divided into inshore and offshore subdivisions,

with the 914 m (500 fm) isobath as the dividing

line. The inshore subdivision as used here is

essentially the continental shelf and upper part

of the continental slope. The offshore subdivi-

sions were over the abyssal portion of the North
Pacific Basin where depths were between the

1,829 and 3,658 m (1.000 and 2,000 fm) isobaths.

These subdivisions were also characterized by
the abundance of certain groups of larvae in the

upper 250 m. In the offshore area, catches

were composed mainly of Myctophidae (72%),
Scorpaenidae (16%), Bathylagidae (6%), and

Chauliodontidae (1%), with 14 families making
up the remaining 5% of the catch. At stations of

the inshore subdivision, plus four stations in

offshore waters at which depths were less than

914 m {George B. Kelez stations 18, 23, 26, and
32^), the catch was predominantly Scorpaenidae

(55%), Pleuronectidae (22%), Ammodytidae
(5%), Myctophidae (5%), Osmeridae (2%), and
Gadidae (2%), with 10 families making up the

remaining 9% of the larvae. It is worthwhile to

note that in waters over the continental shelf,

four families (Scorpaenidae, Pleuronectidae,

Gadidae, and Osmeridae) of potential com-
mercial value contributed 81% of the larvae. In

the offshore subdivision only one family (Scor-

paenidae) of commercial importance contributed

more than 1% , which made up 16% of the larvae;

four other families (Pleuronectidae, Clupeidae,

Bothidae, and Anoplopomatidae) also of com-
mercial importance contributed an aggregate of

0.6% of the catch. The remaining larvae from

the inshore and offshore subdivisions could be

classed as forage fish. At other times of the

year the proportion and distribution of com-
mercially important fish could be expected to

be somewhat different.

RELATIVE ABUNDANCE OF FISH

LARVAE BY FAMILY

Five families of fish contributed 88% of the

total larvae, and it is worthwhile to point out

some features of their distribution.

Scorpaenidae

Scorpaenids were the most abundant fish

encountered during the survey, constituting

29% of the total larvae collected. Of these, 30%
were collected in Puget Sound (15 stations),

and the remaining 70% in the oceanic area

(87 stations). Over 99% of the larvae in this

group were Scbastes; the remaining fraction of

a percent were Sebastolobus. No attempt was
made to separate the Sebastes except for S.

paiicisphtis, into specific groups, though it was
clear that several species were present in the

" Station 18 - Union Seamount, Station 23 - E.xplorer

Seamount, Station 26 - Warwick Seamount, and Station

32 - Cobb Seamount.
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catch. Scorpaenid larvae ranged in size from

4.2 to 16.3 mm SL, witii the majority from 5 to

7 mm.
The distribution of scorpaenid larvae was not

uniform in either major area, with a range of

8 to 136 larvae per station in Puget Sound, and
to 542 in the oceanic area. Abundance seemed

to be related to area, particularly in the oceanic

region.

In the oceanic area scorpaenid larvae were

most abundant in waters over the continental

shelf and upper continental slope (i.e., where
depth of water was 914 m or less); 84% of the

oceanic catch was collected in this region. The
largest single catch (542 larvae) was made at a

station near the Cobb Seamount where the water

depth was about 250 m. At three oceanic sta-

tions the catch exceeded 150 scorpaenid larvae,

and bottom depth at these stations was less

than 914 m. The average catch was only 9.4

scorpaenids at the remaining 84 oceanic stations.

At 21 stations no scorpaenid larvae were caught.

Pleuronectidae

Flatfishes, the second most abundant family

group, made up 18% ofthe total catch; 61% ofthe

flatfishes were caught in Puget Sound and 39%
in oceanic waters. In Puget Sound the most
abundant larvae were Parophrys vetidus (58% ),

Psettichthys melanostictus (16%), Platichthys

stellatus (12%), and Lyopsetta e.vilis (12%). By
contrast, in the oceanic area, one species (tenta-

tively identified as Isopsetta isolepis) made up
70% ofthe pleuronectid larvae; Parophrys vetu-

lus contributed 10%, Platichthys stellatus 7%,
and Psettichthys melanostictus 6%. Larvae of

Microstomus pacificus, commercially one ofthe
most important flatfishes of the Pacific coast,

accounted for only about 0.6% of the total

pleuronectid larvae caught. Most pleuronectid

larvae were from 5 to 9 mm SL with an extreme
range of 4 to 16 mm. In general, larvae of

Platichthys stellatus were the shortest and those

of Glyptocephalus zachirus the longest.

In the oceanic area almost the entire catch

came from stations over the continental shelf

in 55 m of water (96%). Only 0.1% ofthe catch

came from waters beyond the continental slope.

The average catch was 60 peluronectid larvae

at the 55 m oceanic stations and 69 larvae per

station within Puget Sound.

Gadidae

Larvae of the family Gadidae were the third

most abundant group and constituted 17% ofthe

total catch ; 96% of these were caught in Puget
Sound. Larvae of Merluccius productus, the

Pacific hake, were caught only in Puget Sound
and occurred at 14 of the 15 stations in that

area; 50% were caught at a single station in

Port Susan. Hake larvae made up 59% of all

gadids. Although positive identification was
not made, it was felt that the remaining gadids

were Theragra chalcogramma or Microgadus
proximus, the walleye pollock, and Pacific

tomcod, respectively. No gadids were collected

beyond the continental slope in the ocean area.

Gadid larvae ranged from 2.8 to 15.9 mm SL.

Most hake were 5 to 6 mm in length and "other

gadids" were 5 to 8 mm SL.

Myctophidae

The fourth most abundant group, the myc-
tophids, were restricted entirely to the oceanic

area where they were second in abundance.

They had a somewhat more uniform pattern of

distribution than either the scorpaenids or the

pleuronectids. There were more zero catches of

this family in the area over the continental

shelf than over deeper water, and the largest

catches were made in the southern portion of

the survey area (from lat 45 °N southward). There

was a noticeable difference between day and

night catches, as was expected. Equating day

collections to those made between 0501 and

1900 hr and night collections to those between

1901 and 0500 hr (PST), 35% ofthe day collec-

tions and 15% ofthe night collections contained

no myctophids. All of the large catches (more

than 75 larvae per station) were made at night.

The mean catch for stations with catches of

myctophids was 16 larvae per station for day-

time catches and 30 per station for nighttime

catches.

The dominant species were Stenobrachius

leucopsarus (78%), Tarletonbeania crenularis

(10%), and Diaphus theta (8%). The size of

myctophid larvae ranged from 2.7 to 18.8 mm
SL, with the majority in the 5 to 10 mm range.

The largest larvae were those of Tarletonbeania

crejiularis.

Some species seemed to have a distribution



related to surface temperature. Lampanyctus
ritteri and Diaplms theta were present only in

the southern portion of the survey where the

surface water was generally warmer than 9.0 °C;

TarletO)ibea)iia creiiularis was most abundant

where surface water was warmer than 8.0°C,

whereas StenobmcluKS leucopsariis and Pro-

to)uyct(iphum thompsoni (Electrona arctica in

Clemens and Wilby, 1961) were found through-

out the survey area in which surface water

temperatures ranged from 5.8° to 10.9°C.

Ammodytidae

Sand lances, the fifth most abundant family

of larvae, were most common in Puget Sound

and occurred at 10 of 15 stations. Over one-half

of the entire catch was taken at a single station

in Hood Canal, and 76% of the catch was from

Puget Sound. The remaining 24% was from the

inshore oceanic area, distributed from the most

northerly to the most southerly line of stations.

The largest oceanic catches were made off

Vancouver Island. Larval Ammodytidae were

4.5 to 40 mm SL, but most were in the range of

6 to 12 mm.
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Appendix Table 1.—Station data for RV John N. Cobb, 10 April to 19 April 1967.



Appendix Table 2.—Station data for RV George B. Kelez. 20 April to U May 1967.



Appendix Table 2.— Station data for RV George B. Kelez. 20 April to 11 May 1967.—Cont.
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Appendix Table 4. — Factors for converting actual catches to standardized units. Standard
Haul Factor (SHF) (A) converts to catch per 10 cubic meters of water strained per meter of

depth fished. Standard Haul Factor (B) converts to catch per 1,000 cubic meters of water

strained.

Station

SHF
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SHF
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SHF
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SHF
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