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Abstract

Cephalopods collected with micronekton nets in the Subarctic North Pacific are
shown to be primarily young stages of the family Gonatidae. Regional and seasonal
changes of abundance of cephalopods in the northern North Pacific are discussed.
A pattern of low winter abundance with a rapid early summer increase and gradual
autumn decrease is evident. Distribution patterns of species in the family Gonatidae
show good correlation with large scale oceanographic features. The distribution
types include pan-Subarctic forms of two kinds, including and excluding the Sea of
Okhotsk; northeastern Pacific endemics; California Current endemics; western Sub-
arctic endemics; and species localized within the Sea of Okhotsk. The Sea of Okhotsk
and California Current showed distinctive faunal and gonatid species composition.
Species of the family Gonatidae are classified into four groups according to the geo-
graphical pattern of relative abundance of the early life stages. One group shows
high abundance in neritic waters, another in offshore waters, a third is intermediate,
and larvae of the fourth group were rarely or never caught. The geographical area
and timing of spawning or hatching are estimated for most gonatid species. A growth
curve is derived for young individuals of Gonatus madokai in the Sea of Okhotsk.

Introduction

In the northern North Pacific, large numbers of small squid are occasionally
caught with conventional micronekton and zooplankton samplers during the spring
and summer months. These small squid are important components of the diets of
salmonids (ANDRIEVSKAJA, 1958; ALLEN and ARON, 1959; Ito, 1964; LEBRASSEUR,
1966; UENO, 1969; MACHIDORI, 1972) and sea birds (OGI and TsuntA, 1977; SANGER
and BAIRD, 1977). Most of these small squid have been shown to be early life stages
of squid in the family Gonatidae (OKUTANI, 1966; TAKEUCHI, 1972; SATO and
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HirAKAWA, 1976; Ocl, 1980; OGI et al., 1981), but little research has been directed at
determining the specific identities of these young squid.

Most of the highly nektonic pelagic squid are planktonic during the early, post-
hatching developmental stages. These young individuals have little avoidance ca-
pability; we have therefore assumed their sampled distribution and abundance to
accurately reflect those in the ocean. The investigation of distribution and abundance
of early life stages is an accepted technique for estimating those of the adults, which
may be difficult to capture with conventional sampling gear. Geographic distribution,
relative abundance, and seasonal occurrence of the early life stages are considered to
be closely correlated to the spawning area, spawning period, and spawning behaviour
of adults. The difficulty arises in specifically identifying the young stages. These
early life stages have not yet developed many of the specific characters of the adult;
specific identification of these small individuals is often extremely difficult if reliance
is placed solely on the systematic characters of the adults.

During the 1960s OKUTANI examined the distribution and systematics of the
early life stages of squid caught with zooplankton and micronekton samplers in the
northwestern North Pacific (OKUTANI, 1966), and off the Pacific coast of northern
Japan (OkUTANI, 1968a). OkUTANI and McGOWAN (1969) examined those of the
California Current, and discovered that the early life forms of gonatid squid were the
dominant cephalopod faunal component. They tentatively classified them as species
known at that time, and additionally described several other early stages which did
not correspond with any known (adult) species. Incomplete knowledge of the sys-
tematics of the family Gonatidae made these early studies difficult and incomplete.

Systematic work on the family Gonatidae has greatly increased in the past few
years (FIELDS and GAULEY, 1971; YouNG, 1972; NEsis, 1972, 1973; KuBobpErA and
OKUTANI, 1977, 1981a; KRISTENSEN, 1981; BUBLITZ, 1981; and JEFFERTS, 1984); eight
new species have been added to the family. These studies have greatly simplified
the taxonomy of the early life stages. KUBODERA and OkKuUTANI (1981b) recently
reexamined the early life stages of cephalopods from the northwestern North Pacific
and gave detailed descriptions and an artificial key for their identification, in which
eight species and one type of gonatid were included. JEFrFeErTs (1983) studied the
zoogeography and systematics of cephalopods in the northeastern North Pacific and
described some early life stages of gonatid squid from that area.

Although not all the early life stages of the family Gonatidae have yet been de-
scribed, and some taxonomic confusion remains, both in the early stages and the adults
(OKUTANI, pers. comm.; BUBLITZ, pers. comm.), we feel that the task has been so
nearly accomplished that the present report is justified. In this study, we examine
the distribution and family composition of the pelagic cephalopod fauna, and attempt
to clarify the geographic distribution and seasonal changes of abundance and occur-
rence of the early life stages of gonatid squid in the entire northern North Pacific,
based on samples collected with several kinds of nets. We discuss the probable spawn-
ing areas, spawning periods, and growth rates, and suggest areas for further research
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on the biology and ecology of gonatid squid in the northern North Pacific.

Materials and Methods

The samplers and sampling methods which provided the specimens and data
for this study are broadly divisible into two categories. The samples examined by
KUBODERA were collected with a Maruchi-A type net of Nakar (1962), here termed
“Larva net”. It is a conical net 1.3 m in mouth diameter and 4.5 m in length. The
anterior 3 m has mesh about 2.0 mm square and the remainder has mesh about 0.3
mm. A standardized collection with the larva net consisted of towing the net at the
sea surface with two-thirds of the mouth submerged in the water for ten minutes at
about two knots one hour after sunset. The sampling was therefore restricted to the
uppermost one metre of the water column. Although the filtering rate of the net
was not examined, it was assumed that all the water passing through the mouth was
filtered (about 600 m*/tow). In total, 650 Larva net tows were conducted by five
Japanese Salmon Research Vessels (Fisheries Agency of Japan), and the Oshoro-
Maru and Hokusei-Maru, training vessels of Hokkaido University, from mid-April
to mid-September, 1975-1979. A total of 31,969 individual cephalopods was col-
lected (Table 1A). The area investigated with the Larva net was mainly in the western
sector of the northern North Pacific, north of 38°N, and in the Okhotsk and Bering

Table 1A. General collection data, Larva Net samples.

Year Vessel Area Period S aangi g C epl;f:l' opods
1975 Oshoro-Maru N.W. North Pacific 8 June -27 July 30 1391
Bering Sea 13 June - 4 July 30 5365
Oyashio-Maru N.W. North Pacific 18 April -12 May 14 31
Sea of Okhotsk 15 May -15 Sept. 51 5791
1976  Oshoro-Maru N.W. North Pacific 8 June -29 July 11 147
Bering Sea 14 June -25 July 28 128
Oyashio-Maru ~ N.W North Pacific 15 April -22 May 24 105
Sea of Okhotsk 15 May -12 Sept. 83 6705
Hokusei-Maru ~ N.W. North Pacific 7 June -26 June 13 94
Sea of Okhotsk 10 July -16 August 22 1015
Habomai-Maru ~ N. W. North Pacific 17 April -18 May 53 243
Bering Sea 9 June -17 July 81 690
1977  Oyashio-Maru N.W. North Pacific 1 June - 1 August 48 1531
1978 Oshoro-Maru N.W. North Pacific 9 July - 1 August 20 459
Hokushin-Maru  N.W. North Pacific 9 July -29 July 14 465
Iwate-Maru N.W. North Pacific 3 July -29 July 22 307
Hokuho-Maru N.W. North Pacific 10 July -14 August 30 924
1979  Oshoro-Maru N.W. North Pacific 6 June - 9 August 36 1369
Bering Sea 10 July -25 July 14 3985
Hokusei-Maru ~ N.W. North Pacific 14 July - 9 August 26 1224
Total 650 31969
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Fig. 1. Sampling area and intensity for Larva Net.

seas. Sampling was concentrated in the waters off the southern Kamchatka Peninsula
in the Okhotsk Sea, between 44°N and 51°N and 162°E and 171°E in the northwestern
North Pacific, and around Adak Island in the Aleutian Islands (Fig. 1).

The samples examined by JEFFERTS were collected with several different Isaacs-
Kidd Midwater Trawls (IKMTs) and one metre ring nets. Four different sizes of
IKMT were used (0.91 m, 1.83 m, 2.44 m, and 3.05 m depressor width), with cod
ends of one metre ring nets or Multiple Plankton Samplers (MPS) (JEFFERTS, 1983).
The MPS system allowed the collection of up to eight discrete depth samples during
the course of one tow. Mesh size varied among the different pieces of gear, from
about 0.6 mm at the rear to 3.2 mm at the front of the 0.91 m IKMT, to 3.2 mm and
5 mm in the larger IKMTs. These collections were conducted by Oregon State Uni-
versity (e.g., PEARCY, 1964), and the University of Washington (R/V Brown Bear)
(ARON, 1958, 1962). The samples were collected between 1957 and 1980 at all times
of the year. A total of 2239 hauls captured cephalopods; the number of individuals
collected and examined was 16,489 (Table 1B). These positive hauls covered a broad
expanse in the eastern sector of the northern North Pacific, north of about 30°N, ex-
tending into the Bering Sea, but were concentrated in the waters off Oregon (Fig. 2).
The IKMTs were towed obliquely from the surface to various depths from 30 m to
over 1000 m; some nets of the MPS fished only at depth, or from the surface to the
sampling depth, or from depth to the surface. Details of the sampling protocol varied
among the various research programs, but the nets were generally towed at 3 to 6
kts. Sampling occurred during daylight and nighttime hours. One metre ring nets
were also used. They were fished vertically, obliquely, or attached to the wire above
an IKMT. The volume of water filtered by each tow (or MPS net) was estimated with
flow meters, or by calculation from mouth area of the net and distance towed, assuming
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Table 1B. General collection data, IKMT and meter net samples.

Year Vessel Area Period positil\\/]eohauls Cepli?(;pods
1957  Brown Bear NL.E. North Pacific 23 July -21 Sept. 101 664
Bering Sea 3 Aug. -29 Aug. 19 456
1958  Brown Bear N.E. North Pacific 30 June - 3 Oct. 301 1324
1959  Brown Bear N.E. North Pacific 15 July -26 July 44 606
Bering Sea 28 July - 2 Sept. 5 6
1960  Brown Bear N.E. North Pacific 12 Mar. -24 Mar. 28 52
1961  Acona N.E. North Pacific 13 June - 3 Dec. 49 372
Kiska N.E. North Pacific 28 Mar. 1 3
1962  Acona N.E. North Pacific 9 Oct. -28 Dec. 119 788
1963  Acona N.E. North Pacific 6 Oct. —14 Dec. 129 759
1964  Acona N.E. North Pacific 2 Feb. -13 Dec. 107 739
1965  Acona N.E. North Pacific 27 Jan. -20 Dec. 114 1267
1966  Acona N.E. North Pacific 25 Jan. -14 June 20 172
Yaquina N.E. North Pacific 15 June -19 Dec. 13 812
Bering Sea 3July - 4 July 2 88
1967  Yaquina N.E. North Pacific 13 Jan. -16 Nov. 100 1350
1968  Yaquina N.E. North Pacific 7 Jan. - 7 Dec. 30 246
1969  Yaquina N.E. North Pacific 18 Jan. -31 Oct. 149 1614
Cayuse N.E. North Pacific 28 June -24 Aug. 41 409
1970  Yaquina N.E. North Pacific 13 Mar. —-17 Nov. 42 219
Cayuse N.E. North Pacific 13 May - 1 Sept. 64 744
1971 Yaquina N.E. North Pacific 2 April =21 July 79 499
1972 Yaquina N.E. North Pacific 25 June - 5 Dec. 249 1264
1973 Yaquina N.E. North Pacific 2 Mar. -25 July 94 492
1974  Yaquina N.E. North Pacific 14 Sept. -24 Sept. 104 559
1975 Yaquina N.E. North Pacific 25 May -16 Sept. 56 327
1976 ~ Wecoma N.E. North Pacific 16 April =19 Aug. %l 413
1977  Wecoma N.E. North Pacific 8 Aug. 11 Aug. 43 130
1978  Hakuho-Maru North Pacific 14 Aug. 2 87
Bering Sea 15 July -29 July 3 26
Total 2239 16489

all water passing through the mouth was filtered.

All samples were fixed and preserved in 109, buffered formalin-seawater solution
at sea. In the laboratories the samples were roughly sorted to major taxon (zoo-
plankton, fish, cephalopods, etc.), and the cephalopods later identified to lowest
possible taxon, measured (dorsal mantle length, DML), and enumerated. Individuals
were generally counted on the basis of whole animals. However, if mantle-less heads,
or clearly identifiable mantles were present, they were counted on the basis of heads
plus excess mantles. Measurement of DML was generally made for all individuals
in each species in the sample. However, when a large number of individuals of a
single species was caught, a random subsample of 50 to 100 individuals was selected
and measured. Individuals were also observed for development of the tentacular
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Fig. 2. Sampling area and intensity, IKMT and meter net.

club, club armatures, and arm armatures, in order to classify them into developmental
stages.

Regional distributions and relative abundances of these cephalopods are here
indicated as the average number of individuals per 1000 m® filtered (positive hauls
only) in each one degree square. Due to the difference in sampling methods and
net structures, the Larva net was up to two orders of magnitude more effective at
capturing cephalopods than the IKMTs and ring nets. We therefore treated the two
sample groups separately.

Results

Regional and seasonal changes of sampling area and
relative abundance of cephalopods

Sampling area and intensity varied from year to year and month to month in
the two sampling programs; the area investigated and the relative abundance of
cephalopods are therefore presented by season and gear type for all years of the sampl-
ling program (Figs. 3A-F). Comparison of relative abundances between the Larva
net samples and the IKMT and metre net samples is not statistically appropriate due
to the differences of net construction and sampling protocol. Nevertheless, a general
pattern of seasonal and regional changes in relative abundance can be seen.

During the January to March period (Fig. 3A) only positive hauls by IKMT
and metre nets off Oregon (34-48°N, 124-143°W) were available. Abundance in
most of the area investigated was less than 0.5 individuals per 1000 m*. However,
relatively high abundance was seen in waters slightly offshore (43-45°N, 127-134°W),
where in some squares the value exceeded 0.5 individuals per 1000 m®.
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Fig. 3A. Relative abundance of cephalopods, January to March.
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Fig. 3B. Relative abundance of cephalopods, April to May.

During the April to May period (Fig. 3B), positive IKMT and metre net hauls
were concentrated in the waters off Oregon between 42°N and 46°N and 124°W and
128°W.  The abundance of cephalopods increased slightly compared to the previous
period and values above 0.5 individuals per 1000 m® were commonplace.

Larva net sampling during April and May was conducted mainly in the waters
between 39°N and 52°N and 155°E and 173°E, in the western sector of the northern North
Pacific and in the small area off the northern Kurile Islands within the Sea of Okhotsk
(Fig. 3B). The relative abundance of cephalopods taken by Larva net was up to
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Fig. 3C. Relative abundance of cephalopods, June.

two orders of magnitude greater than that for IMKT and ring net. Cephalopods
were relatively abundant in the waters south of 41°N, where some values exceeded 30
individuals per 1000 m®. Most squares north of 41°N had fewer than 15 individuals
per 1000 m® or none.

In June (Fig. 3C), positive IKMT and metre net hauls were again concentrated
in the waters off Oregon and sparsely distributed in the central North Pacific between
44°N and 50°N and 168°W and 177°W. The abundance of cephalopods increased radi-
cally compared to the immediately previous period and tended to be higher in nearshore
waters than in offshore waters. Due to the increase in abundance, scale values were
multiplied by five. Most of the squares along the coast had abundances of more than
0.75 individuals per 1000 m®.

Larva net research in June covered the area from 39°N to 51°N and 142°E to 175°W
in the northern North Pacific, a large portion of the southern Bering Sea, and a portion
of the waters off southern Kamchatka in the Okhotsk Sea. In the western sector of
the northern North Pacific, cephalopods were again relatively abundant in the waters
south of about 45°N, where some values exceeded 75 individuals per 1000 m®. Most
of the squares north of about 45°N had fewer than 25 individuals per 1000 m® or none.
Compared to the northern North Pacific, cephalopods were extremely abundant in
the Okhotsk and Bering seas. High abundance, over 250 individuals per 1000 m?,
occurred commonly in the waters off southern Kamchatka, and in the triangular area
of the Bering Sea surrounded by the Aleutian Islands, 100-m isobath, and 180° meridian.
No cephalopods were taken over the continental shelf in the Bering Sea.

In July, positive IKMT and metre net hauls were widely distributed along the
west coast of the United States and Canada between 34°N and 50°N, and extended off-
shore to about 147°W between 38°N and 53°N, to the Gulf of Alaska, and west along
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