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Interannual Variability in Neon Flying Squid Abundance and
Oceanographic Conditions in the Central North Pacific, 1982-1992

Akihiko YaTsu* and Tomowo WATANABE*

Abstract

Neon flying squid, Omimastrephes bartrami, was the target species of the Japanese squid driftnet
fishery in the Central North Pacific during 1978-1992. Interannual variation in neon flying squid
catch-per-unit-effort (CPUE) in this fishery during 1982-92 was highly correlated (r=0.79, P<0.01)
with that of the Hokkaido University’s research driftnet surveys along 175° 30'E in July which
coincided with the peak of the commercial fishery. This CPUE variability was strongly affected
by water temperature and salinity structures around the Subarctic Boundary. Importance of

monitoring neon flying squid abundance were also discussed.

Introduction

Neon flying squid, Ommastrephes bartrami, is one of the dominant nekton in the epipelagic
subtropical and subpolar waters of the world oceans and undertakes extensive seasonal north-south
migrations (Seki, 1993). This species was the target of the squid driftnet fisheries of Japan, Korea
and Taiwan in the Central North Pacific during 1978-1992.  The total annual catch by these three
countries fluctuated between about 200,000 and 300,000 metric tons (Yatsu et al., 1993, 1994). The
annual catch-per-unit-effort (CPUE, catch in kg per tan or a net panel) also varied between 4.2 and
8.6 during 1982-92 in the Japanese fishery operating between longitudes 170°E and 145°W and
latitudes 35°N and 46°N (Yatsu et al., 1994) ; and between 3.4 and 6.7 during 1983-90 in the Korean
fishery operating between longitudes 141°E and 151°W and latitudes 30°N and 46°N (Gong ef al.,
1993a). The patterns of interannual variations in CPUE were almost identical between these
fisheries since 1984 (Gong et «l., 1993a).

The closure of the large-scale high seas driftnet fisheries was in effect by the end of 1992
according to the United Nations Resolutions 44/225 and 46/215 (Burke et al., 1994). Responding to
the demand of neon flying squid in the Japanese market, the Fisheries Agency of Japan has been
trying to develop alternative fishing technologies in place of the driftnet since 1992. In recent
years, a jig fishery for neon flying squid is expanding toward offshore of the North Pacific.

Importance of this species has been recognized not only as a fishery resource, but also as a
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Fig. 1. Location of driftnet stations by Hokusei Maru, 1979-93.
B : stations used for present paper, repeated mostly in late July every year;
X : stations excluded from analysis.

member of the North Pacific pelagic ecosystems (Seki, 1993). Since the interannual variability in
abundance for neon flying squid probably affects productivity of the ecosystems, it is necessary to
monitor the abundance in order to evaluate its effects.

Since 1978, the Hokkaido University has been conducting oceanographic and driftnet surveys
using its training vessel, Hokusei Maru, in the North Pacific Ocean at the almost fixed sites and
period every year (mostly along longitudes 155°E, 170°E and 175° 30’E between latitudes 35°N and 50°
N during June-August). This data set were used for studying interrelationship between oceanogra-
phic conditions and distribution of pelagic nekton communities (Ignell et «l., 1995) and Pacific
pomfret (Brama japonica), one of the most dominant nekton in the North Pacific (Pearcy ef al.,
1993). The purposes of this paper are: (1) to examine the possibility of Hokusei Maru’s data set
as an indicator of the neon flying squid abundance, and (2) to discuss possible causes of interannual
variability of CPUE in the commercial fishery.

Material and Methods

The catch and effort statistics in the Japanese squid driftnet fishery (JSDF) were taken from
a series of reports by Fisheries Agency of Japan (1984-93) and Yatsu ef al. (1994). The statistics
were not available for the initial stage of the fishery (1978-81). Distribution of CPUE of neon flying

squid was compared with surface temperature distribution based on the Comprehensive Ocean
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Fig. 2. Neon flying squid catch, effort and CPUE statistics for the Japanese squid driftnet
fishery during 1982-92. Statistics of the initial stage of the fishery (1978-81) are not
available.

Atmosphere Data Set (COADS) which was supplied from the Japan Meteorological Agency as the
monthly means in two-degree latitude and longitude blocks.

The stretched mesh size of JSDF ranged from 100 to 135 mm and the tan (net panel) length
varied between 30 m and 60 m during 1982-88 and standardized at 50 m after 1988. Fishing grounds
were usually confined within 180 nautical miles south of the regulated northern boundary (42°N in
July ; Yatsu ef al., 1993, 1994), which were established to avoid incidental catch of salmonid fishes.
Dorsal mantle lengths (ML) of the neon flying squid were measured on selected commercial vessels
by scientific observers in 1991.

The Hokusei Maru’s data on driftnet operations and oceanographic observations for 1978-1993
were obtained from a series of reports by Hokkaido University (1979-1994), except for the corre-
sponding catch data of neon flying squid in 1978. At each site, one driftnet fishing set and a CTD
cast were conducted. The total number of tans of driftnets used per site was 49 (1993) or 90-133
(1979-92). This included 11-63 tans (550-3,150m in total length) of commercial meshed nets (112-
121mm) and 38-50 tans (2,500m) of non-size-selective nets (composed of 19 mesh sizes ranging from
19mm to 204mm ; see Takagi, 1975). In this study, we used data from 183 sites located at longitudes
170°00’E and 175°30’E (corresponding to the western part of the JSDF fishing grounds), and latitudes
between 35°N and 48°N surveyed mostly in late July (Fig. 1). In total, 20,825 neon flying squid were
collected and ML of 12,520 individuals were recorded.

Neon flying squid stocks consist of a number of putative cohorts which are distinguished by the
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Table. 1 Monthly catch per unit effort (CPUE, kg/tan) of neon flying squid by the Japanese
squid driftnet fishery during 1982-92.

Month\Year 82 83 84 85 86 81 88 89 90 91 92
June 82 0.8 56 7.4 63 82 84 45 46 22 40
July 9.8 13.0 68 89 59 11.6 57 55 10.1 5.2 1.8
August 8.1 11.2 44 70 51 83 43 35 120 64 73
September 8.8 9.7 35 60 36 57 31 37 62 38 47
October 7.9 6.2 39 53 40 41 43 75 6.4 42 50
November 7.2 7.1 49 6.0 3.8 58 43 7.6 47 3.8 217
December 5.6 10.1 45 54 52 52 45 59 38 45 40
June-December 8.2 9.9 49 68 50 7.8 50 50 83 47 6.4
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Fig. 3. Relation between July CPUE (@, entire fishing grounds (170°E-150°W) ; A, western
area (170°E-180°)) and annual CPUE (170°E-150°W) of neon flying squid in the
Japanese squid driftnet fishery during 1982-92.

mantle length composition (Murata, 1990) : extra-large (LL, mode of mantle length larger than 34cm
during June-September), large (L), small (S) and extra-small (SS). LL group was targeted by JSDF
during June-August, the peak season of this fishery (Murata and Hayase, 1993 ; Yatsu et al., 1993).
During the Hokusei Maru surveys approximately 609% of the squid catch were measured for ML.
In order to describe CPUE of LL group in each catch, it was necessary to estimate effective fishing
effort and the catch in number of LL group ; the latter number was estimated using the proportion
in the sample from corresponding fishing operation. Kubodera and Yoshida (1981) reported that (1)
106mm and larger mesh-sizes were effective in catching only the LL group and not smaller squid,
(2) 93mm mesh nets could collect both the LL and other groups with relative efficiency of approxi-

mately 1:2, and (3) 82mm and smaller meshes are ineffective for the LL group. Therefore, we used
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Fig. 4-1. Distribution of neon flying squid CPUE in the Japanese squid driftnet fishery and sea
surface temperature in July 1982-85.
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Fig. 4-3. Continued, 1990-91.

CPUE of the LL group by dividing total estimated catch in number by total number of tans (nets)
whose mesh-size were 106mm and larger plus one third of 93mm mesh net.

Details of the data used are described in Yatsu ef a/. (1993, 1994), Hokkaido University (1980-94)
and Pearcy et al. (1993).

Results and Discussion

1. Interannual variation in commercial CPUE

Total annual catch, fishing effort and CPUE of the JSDF are shown in Fig. 2. While fishing
effort gradually increased from 1982 to 1986 and decreased from 1989 to 1992, both catch and CPUE
fluctuated considerably. The total annual catch varied between 99,800 and 251,785 metric tons
(CV=24.8%) and CPUE varied between 4.2 and 8.6 kg/tan (CV=26.6%).

CPUE also varied by season, with a peak during summer (June-August, usually July) except for
1989 when the high CPUE occurred during October-December (Table 1). Fishing effort was also
high in summer (June-September ; Yatsu ef al., 1993, 1994). Therefore, the July CPUE for the entire
fishing ground (170°E-145°W) and in the western area (170°E-180°) were highly correlated with the
annual CPUE (r=0.88, P<0.01 and r=0.86, P<0.01 respectively, Fig. 3).

2. Correlation of commercial CPUE to sea surface temperature

Neon flying squid CPUE in July was plotted by one-degree latitude and longitude block together
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Fig. 5. Relation between average distance between 11°C and 15°C sea surface temperatures
(170°E-150°'W) and neon flying squid CPUE in the Japanese squid driftnet fishery
during July 1982-91.

with sea surface temperature (SST) distribution (Fig. 4). It appears from July CPUE in Table 1 and
Fig. 4 that 1983 and 1987 were good fishing years, 1982, 1985 and 1990 were fairly good years and
1984, 1986, 1988, 1989 and 1991 were poor fishing years. The 15°C isotherms in July were located
between 40°N and 45°N, usually meandering around the central latitudes of the fishing grounds, and
the locations were not correlated to the CPUE of the same month.

Gong ef al. (1990 and 1993b) pointed out that meandering of 15°C and 20°C isotherms and
thermal gradient between them affect the CPUE in the Korean squid driftnet fishery in the
northwestern Pacific. The degree of gradient, however, is not related to CPUE in the east-west
direction within the fishing grounds; i.e., SST isotherms were more concentrated in the western
area whereas CPUE is often higher in the eastern area (Fig. 4).

To examine the effect of SST gradient, the distance between 11°C and 15°C isotherms at every
five degree longitudes between 170°E and 150°W was averaged year by year and plotted against the
July CPUE (Fig. 5). The 11°C isotherm was assumed to be a barrier to limit the northern distribu-
tion of neon flying squid, although the lowest SST of occurrences was reportedly 9°C (Ogura and
Takagi, 1987). The average distance indicated a negative correlation with CPUE though the
relationship was rather weak (r=—20.47, P=0.72 for all years ; r=—0.67, P=0.05 by excluding the
1988 data). Namely, strong SST gradient between 11°C and 15°C was observed in good fishing
years and gradient was weak in poor fishing years except for 19838 (Fig. 5). Although latitude of
the 15°C isotherm at 170°E and 175° 30’E in 1988 was near the mean value of 1978-91 (Pearcy et al.,
1993 ; Ignell et al., 1995 ; see also Fig. 4), subsurface data indicated the coolest condition in 1988, 7.
e¢., the Subarctic Frontal Zone occupied the southernmost position in 1988 (Ignell ef al., 1995) and

temperature and salinity at 200m depth were extremely low (Figs. 7 and 8). Neon flying squid
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Fig. 7. Interannual variation of neon flying squid CPUE at each site of the Hokusei Maru’s
survey and 200m depth water temperature and salinity distributions at 170°E in late
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undergo diel vertical migration between surface (depth <40m) at night and midwater (160m-300m)
in daytime (Nakamura, 1994). Since the day-light hours are much longer than night in summer, the
horizontal distribution of flying squid may be more strongly affected by temperature and salinity
at midwater layers than those at the sea surface.

Although, the northern boundary of the eastern fishing grounds (170°W-145°"W) was shifted from
42°N to 43°N in 1989 (Yatsu ef al., 1993, 1994), this did not appear to affect the relationship.

The commercial CPUE are considered to be affected by abundance of squid (recruitment level),
availability of squid to the fishery, amount of fishing effort and gear efficiency. If the SST
gradient is strong, squid are expected to be concentrated near the northern barrier in the course of
northward migration. Since fishing effort and gear design is thought to be relatively stable after
1983 (Yatsu ef al., 1993, 1994), variability of CPUE within strong and weak SST gradient years may
be attributed to different recruitment levels. Among weak SST gradient years, annual CPUE
decreased from 1984 and 1985 to 1986, 1989 and 1991, suggesting the effect of fishing.

3. Mantle length distributions

Mantle length compositions from JSDF and Hokusei Maru’s research are shown in Fig. 6.
While the commercial fishery almost exclusively harvested large squid (LL group), Hokusei Maru'’s
non-selective nets collected a much broader size range of squid from 12 to 50 ecm which consisted
of both LL group and other groups, probably mainly L and additionally S groups (see Murata and
Hayase, 1993) for both 170" 30" E and 175°E longitudes. Kubodera and Yoshida (1981) indicated that
the length composition of neon flying squid taken by the non-selective nets of the Hokusei Maru

could represent size composition of the squid population.

4. Distribution of neon flying squid in the Hokusei Maru data

In Figs. 7 and 8, CPUE of LL and other groups (from here called as L group) at each Site are
shown with respect to temperature and salinity at 200m depth. The LL group appear to occupy
more of the northern sites than the L group at both longitudes. The northern boundaries of their
distribution varied from year to year, though there are considerable number of missing sites along
170%E.

Distributions of water temperatures and salinity at 200 m depth were constructed from CTD
data and were superimposed on CPUE distribution (Figs. 7 and 8). Along 170°E, the latitude of the
Subarctic Boundary (defined as the vertical ascent of the 34.00 PSU) varied from year to year.
From Fig. 7, this boundary was located between 41°N and 42°N during 1981-85, shifted to the south
of 40°N during 1986-88, moved north in 1989, and was located north of 42°N after 1989. This
variation was basically identical in the temperature distribution (e.g., 8°C isotherm in Fig. 7 bottom).
The interannual variations in temperature and salinity at 175" 30’E indicated a similar pattern as at
170°E during 1981-93 (Fig. 8).

These temperature and salinity distributions were well correlated with flying squid distribution
(Figs. 7 and 8). Higher CPUE of the LL group were concentrated between 6°C and 9°C, and 33.75-34.
00 PSU at the 200m depth layer. Distribution of the L group was almost confined to 8°C and
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warmer or south of the Subarctic Boundary. The annual abundance of flying squid, however,
seemed to have no direct relation with the temperature and salinity distribution.

Based on the Hokusei Maru data along 175" 30’E, Ignell et al. (1995) found that SST and
oceanographic zones were generally well correlated to species ranges or communities. The
northern range of neon flying squid, however, was uncorrelated with any of the oceanographic
parameters. For the latter, Ignell e/ al. (1995) pointed out the presence/absence data are subject
to uncertainties raising partly from sampling effort. In the present paper, northern boundaries of
both LL and L groups were also not exactly corresponded to particular isotherms or isohalines at
200m depth (Figs. 7 and 8). The high CPUE of LL and L groups, however, were confined to the
above temperature and salinity ranges. CPUE data, therefore, seems to be more appropriate for

studying geographic distributions of neon flying squid.

5. Relation between commercial and Hokusei Maru CPUE

Annual mean CPUE of the Hokusei Maru data was calculated by dividing the total catch in
number of squid of the LL group, which occurred south of 48°N, by the corresponding fishing effort,
and then it was compared with the commercial CPUE in July (Fig. 9). The Hokusei Maru’s mean
CPUE at 175" 30’E was highly correlated with commercial CPUE of the western fishing area (170°
E-180°, r=0.79, P<0.01) or moderately related with that of the entire fishing area (170°E-145"W, r=
0.53, P>0.05). The Hokusei Maru’s mean CPUE at 170°E had no relation with the commercial
CPUE (r=0.08, P>0.05 for the entire area, r=0.15, P>0.05 for the western area). Probably owing
to stormy weather, Hokusei Maru had missed stations at 170°E in the late 1980’s where good catches
of the LL group could have been obtained. This deficiency of data may have brought this
anomalous result.

The commercial CPUE in 1985 was considerably higher in the western area than in the entire
fishing ground (Figs. 4 and 9), while in usual years CPUE was lower in the western area. The
Hokusei Maru’s CPUE in 1985 was extremely high at 175° 30’E and good commercial CPUE was
recorded also at this longitude (Fig. 4). Therefore, 1985 was considered to be an unusual year
though the reason is unclear.

While the commercial CPUE are affected by abundance (recruitment level), availability of squid
to the fishery as well as weather condition, the Hokusei Maru’s CPUE may be considered to
represent abundance because of the fixed locations covering entire latitudinal range of LL group in

summer.

Conclusion

Distribution and availability of neon flying squid to the driftnet fishery in the Central North
Pacific is strongly affected by water temperature and salinity structures around the Subarctic
Boundary. Importance of Hokusei Maru’s research activities for monitoring oceanographic and
biological conditions should be stressed, since it is effective for studying interannual variation in

distribution and abundance of pelagic nekton and possibly for future fishery management (see also
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Ignell et al., 1995). It is also desired to expand similar surveys, such as the Osyoro Maru cruises
since 1980 and the Wakatake Maru cruises since 1991 along the date line from subtropical to
subarctic waters in June and July (Hokkaido University 1981-94 ; Ishida et a/., 1991) in order to
improve the monitoring accuracy and for developing a better understanding of the geographic and

intraannual variability in abundance and biology of pelagic nekton as well.
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