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ABSTRACT

Data collected from an exploratory cruise to the eastern North Pacific were analyzed to
describe the abundance and distributional pattern of the neon flying squid, Ommastrephes
bartramii. In total 15 806 kg of the neon flying squid was caught in a 45-d period, with an
average of 351.2 kg d"!. The isopleth diagram of catch per unit effort (CPUE) was used as
an index of the abundance, and a significant higher abundance was found around 44° N,
164° W. Water mass characteristics was distinctive in the study area. It is apparent that the
high abundance of the squid was linked to relatively low water temperature and low salin-
ity. Principal component analysis indicated that water temperature has higher predictive
power than salinity to estimate the abundance of neon flying squid. A latitudinal effect on
the abundance of squid was confirmed; however no sign of a longitudinal trend was found,
i.e., significant high abundance was found patchily. The distribution of neon flying squid
in the North Pacific transitional frontal zones is discussed.
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is located in the area of 40-42° N and 150 -170°

INTRODUCTION E (Yatsu et al., 1997).

The neon flying squid, Ommastrephes bar-
tramii, has been commercially harvested since
the early 1970s. It is an important fisheries
resource in the North Pacific Ocean (Araya,
1983; Murata, 1990; Murata and Hayase,
1993). During the 1980s, approximately 2.5
10° t yr'! was harvested by high sea drift-net-
ters from Japan, Korea, and Taiwan (Anon.,
1996). The main fishing ground was in the
subarctic frontal zone of the central North
Pacific Ocean (Gong et al., 1993; Murata and
Nakamura, 1998; Yatsu et al., 1998). Squid jig-
gers have replaced drift-netters since 1993,
when drift-net fishing was forbidden by a
global moratorium. Currently, the fishing
ground utilized by jiggers in the North Pacific

In 1993, three Taiwanese jiggers started fish-
ing in the western North Pacific, and operated
a squid jigging industry in the area, with an
annual catch of 1.5 10* t. The fishing ground
was located basically in the western North
Pacific, i.e., most of it was west of 165° E, but
with sparse operation in 165°-E 175° W
(Anon., 1998). It is desirable to understand
the biological and geographic characteristics of
the neon flying squid in the area immediately
outside the traditional fishing ground for the
purpose of fishery extension and management.

The object of the present study was to
examine the population of Ommastrephes bar-
tramii in the eastern North Pacific, and to
study the relationship between the distribu-
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Table 1. Field data for exploratory survey on neon flying squid in eastern North
Pacific, 1997.

Station Date Latitude Longitude Operation hours Catch (Kg)
1 4-Jul-97 45°59'N  170°00' W 8.0 210
2 5-Jul-97 43°59'N  170°02' W 10.0 56
3 6-Jul-97 43°58' N 166°31'W 9.5 532
4 7-Tul-97 44°01'N  163°48'W 9.5 924
5 8-Jul-97 43°59'N  160°44' W 10.5 980
6 . 9-Jul-97 43°58'N  157°26'W 9.5 168
7 10-Jul-97  43°59'N  154°01'W 10.0 266
8 11-Jul-97  43°48'N  150°50'W 11.0 924
9 12-Jul-97  43°29'N  150°30'W 10.5 770
10 13-Jul-97  41°59'N  150°00'W 10.0 56
11 14-Jul-97  40°58'N  150°04'W 10.0 280
12 15-Jul-97  40°02'N  150°02'W 10.0 210
13 16-Jul-97  38°56'N  150°02'W 10.0 182
14 17-Jul-97  38°00'N  153°00'W 10.0 70
15 18-Jul-97  39°00'N  153°00'W 10.5 56
16 19-Jul-97  40°20'N  153°14'W 6.5 14
17 20-Jul-97  41°15'N  153°30'W 11.0 84
18 21-Jul-97  42°10'N  153°54'W 11.0 196
19 22-Jul-97  42°46'N  154°33'W 12.0 364

20 23-Jul-97 43°00'N  156°57'W 11.5 . 644
21 24-Jul-97  42°15'N  158°23'W 10.5 182
22 25-Jul-97  41°15'N  158°57'W 11.0 84
23 26-Jul-97  40°05'N  159°44'W 12.0 70
24 27-Jul-97  39°10'N  160°03'W 10.5 98
25 28-Jul-97  39°34'N  162°29'W 11.5 70
26 29-Jul-97  40°41'N  162°31'W 11.0 84
27 30-Jul-97  41°45'N  162°33'W 10.0 70
28 31-Jul-97  42°41'N  162°44'W 11.0 392
29 1-Aug-97 42°56'N  162°48'W 11.5 154
30 2-Aug-97 43°13'N  163°09'W 6.5 84
31 3-Aug-97 44°07'N  164°15'W 12.0 2,058
32 4-Aug-97 44°10'N  164°18'W 12.0 1,344
33 5-Aug-97 44°11'N  164°21'W 12.0 1,064
34 6-Aug-97  44°03'N  164°47'W 12.0 742
35 7-Aug-97 43°11'N  165°52'W 11.0 322
36 8-Aug-97  42°08'N  165°56'W 12.0 168
37 9-Aug-97 42°30'N  166°29'W 11.5 266
38 10-Aug-97 42°53'N  166°40'W 12.0 140
39 11-Aug-97 42°56'N  166°36' W 12.0 294
40 12-Aug-97 42°54'N  166°26' W 10.0 112
41 13-Aug-97 42°01'N  167°32'W 12.0 140
42 14-Aug-97 40°56'N  168°36'W 13.0 224
43 15-Aug-97 40°46'N  169°44'W 12.0 280
44 16-Aug-97 40°27'N  169°55'W 12.0 266
45 17-Aug-97 40°19'N  169°55'W 85 112
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Figure 1. Cruise tracks and sampling stations of the present study in the eastern North Pacific.

tional pattern of the neon flying squid and
oceanographic conditions, in an attempt to
determine the feasibility of fishing operations
in the study area.

MATERIALS AND METHODS

A 45-d exploratory survey of the neon flying
squid was conducted on board a chartered
commercial fishing vessel, the Shyong-chuen
No.1, in the area of 38-46° N and 150-170° W
during July-August 1997. The survey area was
determined in advance; however the course
and stations of the cruise were flexible to adjust
to the daily catches (Fig. 1). The vessel had 33
crews and was equipped with 44 jigging
machines. Neon flying squids were caught
mainly by hand-jig, although some of the jig-
ging machines were used for comparison. The
poor catch by jigging machines indicated that
some adjustment of the machines was neces-
sary, and their data were separated from those
collected by hand-jigs in this study. Our trial
operation was conducted by 16 trained fisher-
men, each holding a jig. A target depth rang-

137

ing from 150 to 200 m was set by all fishermen.
A contest was set up to promote competition
of individual fishing effort. Basic information
on the jigging operation is shown in Table 1.
Normally, the fishing lights were turned on at
dusk (1700-1800 h) and off at dawn (0500-
0600 h). Hours of operation varied from 6 to
12 h due to cruising between stations and
searching for better fishing sites. The daily
fishing intensity was estimated to be 10.68 *
1.39 h. The relative abundance among fishing
sites was evaluated by catch per operating hour
(kg h'!). The spatial distribution of the neon
flying squid was analyzed by the software PC
Arc/Info (Environmental Systems Research
Institute) and graphed with ArcView. The sta-
tion data were combined to a grid cell with a
spatial resolution of 1 X 1 degree.

Sea temperature and salinity profiles were
recorded at each station with a conductivity-
temperature-depth (CTD) sensor (SBE19 Sea-
cat Profiler, Sea-Bird Electronics), with 200 m
of wire paid out at the beginning of each jig-
ging operation. The maximum depth recorded
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Figure 2. Isopleth diagram of CPUE showing the geographic distribution of Ommastrephes bar-

tramii.
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Figure 3. Latitude-depth structure of (a) temperature by 1 °C, and (b) salinity by 0.1 ppt incre-
ments, along a transect from 39°34’N, 162°29°W to 42°56’N, 162°48’W.

by the CTD sensor at each station varied, due
to fluctuating of oceanographic conditions.
The recorded temperature and salinity data
were uploaded to a personal computer, and
converted to ASCII-type data. Five continuous
daily samples from stations along 162°30°W,
conducted from 28 July to 1 August, were
selected for examination of the vertical struc-
ture of the temperature and salinity of the
water column.
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RESULTS

1. Distribution of neon flying squid

A total of 15 806 kg of neon flying squid was
caught in the 45-d period, ranging from 14 to
2058 kg d! with an average of 351.2 kg d™!
(Table 1). The highest catch occurred at 44°07
'N, 164°15°W on 3 August; while the lowest was
at 40°20°N, 153°14°'W on 19 July. The average
catch per unit effort (CPUE) was 31.9 kg h'l,
with a range of between 2.2 and 171.5 kg h'%.
The isopleth diagram of CPUE, which might
possibly serve as an index of the abundance of
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Figure 4. Temperature-salinity (TS) diagrams of water masses at stations 6, 20, 24, 25, 32, and 34.

Ommastrephes bartramii in the eastern North
Pacific is shown in Fig. 2. A significantly
higher abundance was found at about 44° N,
164° W. An apparent latitudinal gradient was
shown between 160° and 170° W northward,
however the gradient was not seen in the area
between 153° and 159° W, where sparse neon
flying squid were found around 44° N.

2. Oceanographic features

Latitude-depth structures of temperature
and salinity along the transect line composed
of stations 25-29 are illustrated in Fig. 3. Tem-
perature data indicated that surface tempera-
ture ranged 17.2 -19.0 °C, and the temperature
at the approximate photic bottom (170-200 m)
were estimated to be 8.5 to 10 °C. The salinity
was measured as 33.1-33.6 ppt at the surface,
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and 33.8-34.1 ppt in the subsurface layer (170-
200 m). The water was well stratified in the
upper 50 m, in which a steep thermocline was
also exhibited. However, the 9 °C isotherm
deepened sharply in the water south of
41°30°N, indicating the presence of a homoge-
neous subsurface water mass (Fig. 3a). A salin-
ity gradient was also observed in the upper 50
m. A sharp increase in depth of the 33.9 ppt
isohaline was present in waters to the east of
40°30°N (Fig. 3b).

In order to examine the relationship
between the abundance of squid to oceano-
graphic conditions, temperature-salinity (TS)
diagrams of the water mass from the highest
(Sts. 32 and 34) and lowest catches (Sts. 24 and
25) were plotted (Fig. 4). Additional plots
from Sts. 6 and 20 are also shown to character-
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Figure 5. Component loading and scatter plots of principal axes 1 and 2 abstracted from the squid abundance
index and water variables; U-CPUE; I, J, K, and M for water temperature; and i, j, k, and m for salin-
ity, measured at surface, 100, 150, and 180 m, respectively.
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Figure 6. Empirical formula obtained from multiple regression analysis on the latitudinal trend of the abun-

dance of Ommastrephes bartramii.

ize the scattered minor isopleth centers found
around 44° N, 157° W (see Fig. 2). It is appar-
ent that a high abundance of squid is linked to
relative low water temperature and low salinity,
although the TS diagrams of Sts. 32 and 34 are
situated between those of Sts. 6 and 20.

3. Relationship between CPUE and oceano-

graphic parameters

We used principal component analysis to
reduce the number of oceanographic variables
(temperature and salinity measured at the sur-
face, 100, 150, and 180 m, respectively) related
to the variation of squid abundance. The
analysis exhibited a significant trend of varia-
tion as shown by the first two principal axes,
through which 74.5% of variation was
explained. Component loading indicated that
all measured variables were negatively related
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to CPUE (U) as considered from the first prin-
cipal component (Fig. 5a). Overall, loading
from temperature variables (as shown in capi-
tal letters) was more significant than that of
salinity (as shown in lowercase letters), while
that of subsurface temperature was greater
than that of surface temperature. Scatter plots
of station data for the first two principal com-
ponents indicate that high abundance of squid
occurring within an optimal temperature
ranged was fine-tuned by subsurface water
with lower salinity (ref. Sts 31 and 32, Fig. 5b).

4. Spatial predictive model

The latitudinal effect on abundance of neon
flying squid was confirmed by analysis of vari-
ance categorized by 1-degree strata (Fig. 6, P
<0.001). The latitudinal gradient could be
depicted by a polynominal power function:
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CPUE = —120106 + 8914.57 Lat — 220.4 Lat® +
1.8153 Lat’. The longitudinal effect on the
abundance of squid also exhibited a significant
effect (P =0.0131). Four longitudinal sections
164-165W, 161°W, 157°W, and 151°°W,
respectively, were found to be above the overall
average, while a systematic trend was not con-
firmed.

DISCUSSION

The distribution pattern of Ommastrephes
bartramii in the eastern North Pacific was
patchy during the period of July-August 1997,
and highly aggregated to the north of 43N
(Fig. 2). Stations west of 160°W had a higher
CPUE than those east of 160°W. Based on the
catch data from drift net fishery, Murata and
Nakamura (1998) found that the fishing
ground generally shifted northward and east-
ward towards colder waters in June-September,
and then southward and westward towards
warmer waters after October. Subsequently, an
ecological strategy of O. bartramii was pro-
posed: sub-adults migrate northwards toward
the sub-arctic frontal zone for feeding, and
mature individuals migrate southwards to sub-
tropical waters for spawning (Murata and
Nakamura, 1998). During the period of July-
August in the present study, O. bartramii
appeared to move northward to colder waters
in the course of feeding migration.

Two basic marine domains are recognized
in the North Pacific, and the transition zone is
situated in the middle where temperature and
salinity increase southward (Roden, 1970;
Favorite et al., 1976). A boundary zone, the
sub-arctic frontal zone, between the sub-arctic
domain and transition zone, extends from
about 40N to 43N (Roden, 1977, 1991).
The southern limit of the sub-arctic frontal
zone was best described by the 33.8 %o isoha-
line at the surface layer, and also by the rapid
increase in the depth of the 9 °C and 10 °C
isotherms (Roden, 1991). However, tempera-
ture, salinity, and density fronts do not always
coexist (Roden, 1991). In the present study, in
the region along 163°30W, the 33.8 %o isoha-
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line may outcrop further south of 39°30°N,
while a sharp deepening of the 9”C isotherm
was observed near 41°30°N. The southern
boundary of the sub-arctic frontal zone was at,
or south of, 41”°N. Most of our sampling sta-
tions were located within the sub-arctic frontal
zone, which presumably was populated by
neon flying squid.

The catch of neon flying squid in our
exploratory regions was apparently low as
compared to that produced by commercial
fishing boat in the western North Pacific. High
CPUEs were located in the northern region of
the sub-arctic frontal zone. Yatsu and Watan-
abe (1996) proposed that squid are expected to
aggregate near the northern transition during
their feeding migration when the sea surface
temperature (SST) gradient is strong. In our
study, the SST gradient was weak between 390
and 43°N, and the squid were sparse.

The highest CPUE occurred on 3 August at
44°07’N, 164°15°W (St. 31), characterized by
medium surface temperature but low subsur-
face temperature (at 150-180 m) (Fig. 5). The
lowest CPUE occurred on 19 July at 40°20°N,
153°14’W (St. 16), characterized by higher
temperature through the entire water column.
Subsurface (150-180 m) temperature is a more
effective predictor of squid catch (Fig. 5),
although a high consensus was also found
between surface and subsurface measurements.
An empirical latitudinal trend parallel to and
perhaps also ascribed to water temperature was
found in this study. In general, our findings fit
well with the existing migratory model, how-
ever a more detailed survey and analytical
model are desired.
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