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ABSTRACT 

A cooperative squid jigging research survey was conducted by 
U.S. and Japanese participants during August and September, 1990 
to determine the distribution and abundance neon flying squid 
(Ommastrephes bartrami) and examine the feasibility of harvesting 
this species with jig gear. Four Japanese vessels, each with 
one U.S. scientist aboard and one with a Japanese scientist, 
fished at 142 stations in the U.S. Exclusive Economic Zone off 
Washington and Oregon using automatic jigging machines and 
handlines. Information on catch, effort, and biological 
characteristics were collected from target and bycatch species. 
Automatic jigging machines were less effective at catching squid 
than handlines, which could be fished deeper and used larger jigs 
with more rosettes of barbless hooks. Because the machines were 
ineffective, the catch rates determined from them are not 
considered to be an appropriate measure of relative abundance. 
Neon flying squid was most commonly caught, with two other 
species, nail squid (Onychoteuthis borealijaponicus) and eight 
armed squid (Gonatopsis borealis), also being notable in the 
catch. Catch rates were generally less than sufficient to 
sustain a commercial fishery, however further exploration might 
locate spawning concentrations or other aggregations which could 
sustain· profitable exploitation. No marine mammals or birds and 
few fish were caught by the operations. Neon flying squid ranged 
from 13 to 59 cm (mantle length), averaging 40.4 cm. Few males 
were found in the landings of this species. Product recovery 
rates ranged from 62% for mantles and tentacles to 69% for 
mantles, tentacles, and heads. 



INTRODUCTION 

For many years the neon flying squid (Ommastrephes bartrami) 
resource in the northeast Pacific Ocean has been exploited by the 
Asian fleets fishing with drift nets·or gill nets. Recently, 
public attention has focused on the destructive nature of this 
gear on other commercially important fish stocks as well ·as 
marine mammals and birds. Alternative methods of exploiting the 
oceanic squid resource in the area are being examined. As part 
of this effort, a cooperative research project to determine_.the 
feasibility of harvesting neon flying squid with jig gear was 
developed and implemented in August 1990 by U.S. and Japanese 
participants. 

Some research has been conducted on this resource by U.S. 
and Canadian scientists since 1979. Jigging experiments for neon 
flying squid were carried out in conjunction with driftnet 
fishing off Canada in 1979 (Bernard 1980), and were repeated in 
1983 (Sloan 1984, Robinson and Jamieson 1984) and 1987 (Jamieson 
and Heritage 1988). Another experiment was conducted in 1981 off 
Washington aboard a troller in cooperation with the U.S. National 
Marine Fisheries Service (NMFS) (Mercer and Bucy 1983). 

The specific objectives of the investigation were to 1) 
survey the U.S. Exclusive Economic Zone (EEZ) off Oregon and 
Washington by jigging for cephalopods, particularly the target 
species of neon flying squid and nail squid (Onychoteuthis 
borealijaponicus), to determine their distribution and relative 
density in terms of catch-per-unit-effort (CPUE) by area, depth, 
moon phase, water temperature, and other environmental factors; 
2) determine the size composition, sex ratio, and sexual maturity 
of squid resources; 3) determine the effectiveness of jig fishing 
gear in regard to catching cephalopods in the survey area; 4) 
measure bycatch of jig fishing operations; 4) record any 
interactions between marine mammals and the target squid or the 
fishing gear; and 5) acquaint the U.S. fishing industry with 
modern Japanese squid jigging techniques. Since the data from 
the survey have not been fully entered and edited, this report 
presents only preliminary results of this survey, focusing on 
distribution and catch rates of the target species, composition 
of the bycatch, and a description of the fishing strategies and 
methods. 
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METHODS 

Survey Area and Design 

The 1990 U.S./Japan cooperative squid researc~ project 
covered the waters of the U.S. EEZ between 12 and 200 miles off 
Washington and Oregon (42°00 N lat. to the u.s.-canada border). 
The area was stratified into 6 subareas to ensure that 
information came from as wide an area as possible. Each of the 
four vessels involved were scheduled to occupy 88 unique stations 
during the survey. Fishing masters were free to choose the 
location of each station, subject to limits on the number of 
stations in each subarea. The limits were established by 
dividing the total number of stations per vessel proportionally 
among the subareas by surface area. These station quotas and the 
survey area are presented in Figure 1. Fishing operations of the 
survey were scheduled from 1 August through the end of October, 
but were terminated on 5 September when it was concluded that the 
automatic jigging machines were ineffective, as rigged, for 
catching neon flying squid in this area. 

Vessels and Gear 

Four Japanese squid jigging catcher/processor vessels were 
furnished by Sanko Gyogyo Company, Ltd. and STI Company, Ltd. for 
this survey (Table 1). The vessels were equipped with single
and dual-drum automatic jigging machines along the full length of 
each side. outboard of each machine was a basket-like platform 
with terminal rollers for each jig line.· The platforms were 
inclined to collect squid coming aboard over the rollers and 
allow them to fall into a collection flume running along the 
gunwale, sweeping the squid to the factory below decks. The 
platform lengths alternated to reduce tangling of lines from 
adjacent machines. The machines let out ·the lines to a specified 
fishing depth and then retrieved them. The oval shape of the 
drums imparted an uneven recovery rate to th~ gear, giving a 
jigging motion to the lures and setting the hooks of the jigs. 
All operation of the jigging machines and lighting was controlled 
by the fishing master from the bridge. 

The lure arrangement on the jigging machine lines consisted 
of a main wire or nylon monofilament (30-80 lb test) fishing line 
attached to a series of squid jigs spaced 1 m apart on a leader 
of lighter monofilament. Usually 12-15 jigs were strung on each 
line. The standard machine line jigs were either clear, dark 
green, light green, and light blue and ranged from 100 to 125 mm 
long and 35 cm in diameter, with two or three rosettes of 12 mm 
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long barbless hooks. Terminal weights of approximately 2.5 kg 
kept the lines vertically oriented to reduce tangling. 

Handlines were also used during fishing operations when 
catch rates were low. Lures could be changed more easily on 
these than on machine lines, making handlines the best tool for 
experimenting with .different colors, sizes, and configurations of 
jigs. Larger· jigs made of 20-30 cm sections of square or · 
octagonal stainless steel bar were usually used on the handlines. 
Below the main body were suspended 6-10 rosettes of 15 mm 
barbless hooks. The larger jigs could not be used on the jigging 
machines without damaging the terminal rollers on the collection 
platforms. Handlines could be fished deeper than machine lines, 
which were limited to sampling the upper 70-100 m. 

Attraction lights were suspended above the machines on both 
sides of the vessel. Bulbs of 1 or 2 kw were spaced 70-80 cm 
apart and suspended 4.5 m above the deck and 2.5 m inboard of the 
gunwale. This arrangement created a shadow angle of 
approximately 31° off the vertical. Fishing masters on all 
vessels commented that various species of squid react best to 
different shadow angles. The color of the lights could be varied 
between white and green by controlling their intensity from the 
fishing master's station on the bridge. The Japanese scientist 
and fishing masters estimated that the capacity of the lights to 
attract squid extended to between 70 and 100 min depth. 

Fishing masters, lacking specific knowledge of the fishing 
area and resource distribution in this region, resorted to 
experimentation to determine them most effective gear and fishing 
strategy. On a given night, various combinations of handlines, 
machines, and lure types and sizes were used. Fishing locations 
were selected on the basis of surface temperature and bottom 
depth, as well as the presence of plankton layers upon which 
squid might feed. squid never appeared in aggregations that were 
dense enough to be directly distinguished acoustically. 

Data Collection 

Navigational, catch, and effort data were collected at each 
station. Catch weight and numbers of target and incidental 
species were recorded and effort was measured in machine jig 
hours and line jig hours. Length frequencies by sex (mantle 
length (ML) for squid, total length (TL) for blue sharks, and 
fork length (FL) for bony fishes) were collected for all species, 
and data relating to length-weight relationships, maturity (size 
of nidamental gland), and product recovery rates were collected 
from the target species. Specimens of all cephalopod species 
were collected for laboratory analyses including age composition, 
predator-prey relationships, and morphometrics. The scientists 
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and crew of the vessels were also requested to maintain a log of 
marine mammals sighted during operations. 

RESULTS 

Station Pattern and Catch 

Fishing was conducted at 142 stations between August 1 and 
September 4, 1990. All stations sampled were in the U.S. EEZ off 
Washington and Oregon (Fig. 1). Station distribution among 
subareas was 23, 27, 48, 20, 16, and 8 stations fished in 
subareas A through F, respectively. The total survey catch was 
20,189.6 kg, of which 18,575.6 kg was neon flying squid, 1,112.s 
kg of other squids, and 501.5 kg of fish. Daily single-vessel 
catches of neon flying squid ranged from o to 1137.3 kg. Total 
daily catch of this species by all four vessels is shown in 
Figure 2. 

Six species of squid and seven species of fish were caught 
during this survey. A summary of the catches by subarea is 
presented in Table 2. Chub mackerel (Scomber japonicus), jack 
mackerel (Trachurus symmetricus), and Pacific pomfret (Brama 
iaponica) were the primary fish species caught incidentally. 
Blue sharks (Prionace glauca) were also encountered frequently 
and small amounts of Pacific whiting (Merluccius productus), 
king-of-the-salmon (Trachipterus altivelis), and unidentified 
rockfish (Sebastes spp.) were also taken. Neon flying squid and 
nail squid were the most common cephalopods caught. Eight armed 
squid (Gonatopsis borealis) appeared frequently, also, and traces 
of market squid (Loligo opalescens), schoolmaster gonate squid 
(Berryteuthis magister), and robust clubhook squid (Moroteuthis 
robusta) were caught. 

Location and magnitude of daily single-vessel catches of 
neon flying squid are summarized in Figure 1. catches of over 
500 ~g per night came from the center of -the survey area, 
approximately 130 miles offshore, and from the southern end of 
the area, within approximately 70 miles of shore. Had more 
complete coverage been possible, however, the apparent 
distribution of the resource might be quite different. 

Fishing success was low for the first two weeks of 
operation. Factors affecting catch rates included lunar phase, 
ability to locate fishable concentrations of squid, and the time 
involved in experimenting with different gear and techniques to 
effectively catch the target species. The survey began just 
prior to a full moon and cloud cover was minimal throughout the 
entire survey period. Bright, moonlit nights are known to 
detrimentally influence squid catch rates by lessening the 
attractive properties of the vessel's lights (Bernard 1980). Two 
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types of small, submersible lights were experimented with to 
determine whether they could attract squid to the lures and 
increase catches. Neither photo-chemical light sticks nor 
Japanese squid light lures appeared to affect the catch rates of 
the lines to which they were attached, although further analysis 
of CPUE data will be used to detect any potential differences. 

Fishing masters could not use echosounders to directly 
locate squid because aggregations were not dense enough to 
detect. Station locations were chosen primarily by locating 16-
180C surface waters with acoustic indications of dense plankton 
layers which might attract squid. Fishing during the first 15 
days of the survey was done mainly with the jigging machines 
equipped with standard jigs. Many detached tentacles and arms 
were noted during this period, suggesting a significant amount of 
"drop off" of squid hooked by single appendages. 

Fishing success increased abruptly beginning August 13 
following experimentation with larger jigs with more and larger 
hooks. These larger jigs could only be fished with handlines or 
beneath the terminal weights of the machine lines because they 
were too large for the machines to pull aboard without damaging 
the rollers and collection platforms. As the survey progressed, 
most of the catch was taken at depths between 150 and 200 m, 
beyond the operating limit of the jigging machines and deeper 
than the fishing masters had initially expected to find the 
squid. Daily total catches of neon flying squid by all vessels 
(Fig. 2) reflect the low initial fishing success and the 
subsequent increase in catches. The decline in catches at the 
end of the survey period is associated with the onset of another 
full moon. Low catches around August 19 and August 24 may be due 
to larger nail squid catches or to temporary changes in fishing 
strategy. 

Fishing effort during the survey was sporadic and irregular, 
with variable numbers of machines in operation at a given time. 
When the effectiveness of handlines was discovered, their use 
became widespread, resulting in constant -changes in effort as 
crew members took breaks or targeted on fish species. catch 
rates, therefore, were difficult to determine. Analyses of catch 
and effort data are underway to derive this information. It was 
apparent, however, that the catch rates of the handlines with 
larger jigs were considerably higher than those of the jigging 
machines with standard jigs. on a typical night, between 70 and 
95% of the neon flying squid landed by a vessel were caught on 
handlines. The survey was terminated after only 40% of the 
stations had been occupied when it became apparent that the 
jigging machines, as they were rigged, were not effectively 
catching neon flying squid. Catch rates, therefore, could not be 
considered. an appropriate measure of density and further catch 
monitoring would have provided no useful information. 
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Biological Data 

Length data were obtained from the six squid species and 
from blue shark, Pacific pomfret, unidentified rockfish, and chub 
and jack mackerel. These data are summarized in Table 3. Neon 
flying squid ranged from 13 to 59 cm (ML), averaging 40.4 cm. 
Although the length data is not presented by sex, f~male squid 
dominated the landings. Length-weight and maturity data are 
currently being edited and analyzed. 

Product Recovery 

Data for estimating product recovery rates for neon flying 
squid were collected for different products packed by the vessel 
factories. These products were: 

Whole: 
Tubes: 

Mantles: 
Middles: 

Tentacles: 

Unprocessed, frozen intact. 
Head, tentacles, and attached guts removed. 
Head and tentacles removed, tube split and gutted. 
Heads (between guts and base of tentacles). 
Tubes, middles, and guts removed. 

Products were frozen in metal pans holding at least 10 kg {10.5-
12 kg) of product. These were sent to blast freezers for at 
least 10 hours before being transferred to the refrigerated cargo 
hold. Products were sometimes packed in combination with each 
other, e.g. tubes & tentacles, mantles & tentacles, etc. Table 4 
summarizes the recovery rates for the various products. 

DISCUSSION 

Fishing effort was difficult to measure objectively due to 
the extensive use of handlines and inconsistent fishing patterns 
of crews experimenting with different gear. Additionally, 
spatial and temporal catch patterns of neon flying squid were 
irregular. They were often caught in clusters of 10-12 animals 
at a time at adjacent lines, with long periods of no catch in 
between. Fishing masters noted that this pattern is commonly 
observed when squid are not spawning, explaining that they appear 
to travel in groups of 20-40 animals. This theory is 
substantiated by reports that patches of squid are found in 
driftnet catches (J. Scott, Natural Resources Consultants, Inc., 
4055 21st Ave. w., Seattle, WA 98199. Pers. commun., September 
1990). Subjective observations of catch rate within a night 
showed an apparent bimodal trend of higher rates during the 
earlier (2200-0030) and later (0330-0500) portions of the fishing 
period with a lull between. 
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Handlines were considerably more effective for catching 
squid than machine lines. This was probably due to three 
factors. The larger lures used with handlines retained large 
squid better than the standard lures. Machines were limited to 
fishing in the top 70-100 m and most neon flying squid were 
caught between 120 and 150 m. Finally, a different jig action 
was achieved with the handlines, which were paid out to fishing 
depth, jigged up and down repeatedly, and retrieved when a catch 
was felt. Machine lines were paid out and then retrieved at an 
irregular rate imparted by the oval shape of the drum. Jigging 
machines are reported to be most effective when fishing on dense 
aggregations and less effective in the dispersed feeding 
situations that apparently existed during this project. 

Temperature profiles of the water column, taken aboard one 
vessel, indicated that squid were being caught in 7-8.5°C water 
at depths of 120-150 m under warmer surface waters. They were 
apparently aggregating at temperature fronts between different 
currents or bodies of water. 

The potential for squid jigging as an alternative fishery 
off the west coast appears to be good. The effort spent on this 
project was insufficient to measure relative abundance, to locate 
productive concentrations of neon flying squid, or to track their 
seasonal movements to locate spawning concentrations. The 
vessels used during this project require daily catches of 5 t to 
break even, but smaller American boats would probably be able to 
turn a profit with lower catches. The cost of converting a 
vessel would, however, be high. Flash freezers, jigging 
machines, and attraction lights would need to be added. 
Electrical supply capacity of most vessels would need to be 
upgraded to power the lights, machines, and freezers. Vessels 
would also need to either fish close to delivery ports or have 
storage freezer capacity. Jig fishing offers the advantages of 
minimal bycatch and no direct interactions with marine mammals or 
birds. It is a clean fishery, producing little or no floating 
trash or derelict fishing gear capable of killing wildlife. Much 
still has to be learned about the resource, especially regarding 
the distribution and seasonal movements of oceanic squid and the 
location, timing, and characteristics of any aggregations. Any 
future research on this resource should fully cover the U.S. EEZ 
off California, Oregon, and Washington and operate during periods 
likely to bracket the spawning season of neon flying squid. 
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Figure 1.--Distribution of fishing stations and daily catches of 

neon flying squid during the 1990 US/Japan Cooperative Squid 
Research Project. Survey subareas are indicated by letters 
A-F with subarea station quotas for each vessel noted. 
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Table 1.--Characteristics of the Japanese squid jigging 
catcher/processors used during the 1990 US/Japan Cooperative 
Squid Research Project. 

Length (Dl) 

Crew 

Processing 
capacity 
(mt/day) 

Machine 
lines 

Lights 

Fuki Maru 
No. 58 

55 

13 

23.8 

64 

140 

Fuki Maru 
No. 63 

70 

17 

57.1 

118 

160 

Wakashio Narita Maru 
Maru Mo. 68 No. 37 

56 

14 

25.0 

64 

110 

55 

11 

22.5 

70 

100 



Table 2.--catcb aumaary of species CAQgbt by subarea during the 1990 US/Japan Cooperative Squid 
Reaearcb Project. 

CATCH SUIOIARY BY StmAREA (kg) 

A B C D E F TOTAL 
Blue ■baJ:k 40.7 70.8 u., 2.S 2., 0 131.5 
Pacific pcafret 0 30.7 97.0 18.1 24.4 9.3 179.5 
Jack -ck•rel. 31.1 72.S 2-8 0 0 0 106.4 
Pacific wbi.ti.D9 1-8 0 0 0 0 0 1.8 
Chub -ckerel 52.0 10., 8.7· 0 0 0 71.6 
King-of-the-ealaon 0 0 0 10.4 0 0 10.4 
Unideatilied rockfi.sh D 0 0.3 0 0 0 0.3 
llarlcet squid 0 0 o.s 0 0 0 0.5 
SChoolaaater gonate squid 0 0 0 0 o.s 0 0.5 
Eight u.ed squid 51.9 20.7 .. , 1., 0 0 82.8 
Neon flyiDCJ squid 1,836.9 4,640.5 1,.,,,.s 2.,03S.8 1,684.1 408.8 18,575.6 
Robllat. cl.abhooJt aqaid 3.5 2.1 27.8 2.3 31.9 0 67.(i 
Hail aquid 247.0 115.6 241.2 331.2 1'.7 6.4 961. l 

CATCH SIJlllmRY BY SUBARBA (numbers) 

A B C D E F TOTAL 
Blue aba.dt 7 8 l 1 1 0 20 
Paci£ic paafret 0 14 53 12 12 6 97 
Jack -ckerel 3' 88 2 0 0 0 126 
Pacific whiting 3 0 0 0 0 0 3 
Chub -ckerel 128 19 15 0 0 0 lfi2 
Kin9-of-the-al.aan 0 0 0 1 0 0 1 
Unideatilied rocltfish 0 0 1 0 0 0 1 
llarlcet aqaid 0 0 5 l 0 0 6 
School..lla■ter gonate ■quid 0 0 0 0 l 0 l 
Eight uaed squid 72 32 12 1 0 0 117 
Reon flying squid 837 1,896 1,,21 832 71' 166 B, 377 
Robust clubhook squi.d 2 1 ' 1 5 0 18 
Hail ■quid 413 273 501 149 103 11 1450 
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Tabla 3.-$nmary of length data collected by species during the 1990 US/Japan 
Cooperative SqUid Research Project. 

Species 
Blue ebark 
Pacific pomfret 
Jack mackerel 
Chui> 11&ckerel 
Unidentified rackfish 
Market squid 
schoolmaster gonate squid 
Eight armed squid 
Neon flying squid 
Robust clubhook squid 
Nail squid 

Number 
Measured 

1 
41 
30 
26 

1 
s 
1 

69 
2,539 

12 
599 

Minimum 
Length 

77 
29 
35 
19 
28 
10 
14 
19 
13 
40 

9 

Maximum 
Length 

150 
50 
so 
47 
28 
12 
14 
34 
59 

115 
47 

Mean 
Length 

101.5 
42.0 
41.9 
33.8 
28.0 
10.8 
14.0 
26.4 
40.4 
55.6 
24.9 



Table 4.--Neon flying squid product recovery rates observed during the 
US/Japan Cooperative Squid Research Project. 

Round Processed Mean Range o: 
weight weight product product 

Product Type (kg) (kg) recovery recovery 
Whole 14 14 100.0% 100.0-100.0, 
Tubes 28 15 51.88% 51.88-51.88\ 
Mantles 4,441 2,184 49.04% 39.84-62.50% 
Middles 892 61 6.64, 3.24- 8.29% 
Tentacles 3,957 753 18.76\ 12.50-22.99, 
Tubea & tentacles - 1,134 783 68.45\ 64.74-12.so, 
Mantles~ tentacles 892 583 62.44\ 56.23-71.471 
Mantles, tentacles, & middle 892 645 69.08% 59.48-78.50\ 


