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ABSTRACT 

The North Pacific Ocean research survey was conducted aboard the 
commercial stern trawler, ARCTIC HARVESTER, from July 12, 1989 to August 22, 
1989. Most fishing stations were placed at intervals of 2.5° longitude, from 
145° to 160°W longitude, along the 43° latitude in July and the 46° latitude in 
August. Eleven driftnet station and 7 longline stations were fished. The neon 
flying squid (Ommastrephes bartrami) catch of 1247 pieces was the most abundant 
species and they were encoun~ered in all driftnet sets. No other squid were 
caught. Neon flying squid ranged in size from 28 to 50 cm. Sea surface 
temperatures where squid were caught ranged from 14.2 C to 22.1 C. No salmonids 
were caught during the survey. Other species caught in abundance included 
Pacific pomfret (Brama iaponica), blue shark (Prionace glauca), and albacore tuna 
(Thunnus alalunga) . Two common dolphins (Delphinus delphis) were found entangled 
in one driftnet set. Ninety-two sightings of marine mammals and reptiles were 
recorded during 138.5 hours of sighting effort. A total of 39 STD and 116 XBT 
casts was conducted. Surface temperatures ranged from 13.4 C to 23.2 C and 
surface salinities ranged from 31. 3 to 34 .1 ppt. Thirty-four foreign squid 
fishing vessels were sighted during the survey. 
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INTRODUCTION 

A Canadian Department of Fisheries and Oceans research survey was 
conducted in the North Pacific Ocean from July 12 to August 22, 1989. The 
survey was conducted from a commercial stern trawler, the ARCTIC HARVESTER (49 
meters, 650 GT). The study focused on the area near the northern boundary of 
the neon flying squid (Ornmastrephes bartrammi) fishery where recent changes to 
regulations governing the activity of the squid fleet have recently been made. 
The northern boundary of the squid zone is shifted from 40°N to 43°N in the 
area east of 170°W on July 1 (prior to 1989, only to 42°N), and from 43°N to 
46°N east of 170°W on August 1 (prior to 1989, only to 44°N). The large area 
west of 160°W was not sampled. 

The specific objectives of the 1989 trip were to: 1) determine the 
southern limits of distribution of salmonids in the North Pacific, 2) study 
the overlap in distribution of salmonids and squid with particular emphasis in 
the areas where the Japanese have proposed northward extensions of fishing 
boundaries in July and August, 3) examine effects of variation in ocean 
conditions on distribution of salmonids and non-salmonid species, 4) determine 
the incidental catch rate of marine mammals and birds, 5) examine the 
distribution and continent of origin of salmon found in the area of the squid 
fishing boundaries, 6) examine the diet and associations of fish species in 
the pelagic environment such as salmon, pomfret, blue shark and squid and to 
collect biological information on these species. 

EQUIPMENT AND METHODS 

Fishing stations were set on approximately 2.5° longitude 
intervals from 145°W to 160°W along the current northern squid fishery 
boundary (Figure 1). Additional coverage of latitude was possible along 160°w 
during transit to and from Honolulu. Actual sampling locations were 
influenced by vessel speed, gear handling time, catch, weather and sea surface 
temperature during the voyage. 

The gear used was 115 mm. (stretched measure) nylon monofilament 
gillnet. Each panel (tan) is 90 meshes (approx. 10 m.) deep and 50 m. long. 
The total length of net fished each night was normally 2.75 km (55 tans). 
This was the same net used by LeBrasseur et al. (1987,1988). The net was 
stored on and set from a trawl net drum. A roller tapering from 50 cm. 
diameter in the centre to 25 cm. at each end was mounted across the fishing 
deck at the top of the trawl ramp. The roller kept the corkline and leadline 
separated during each set. 

Six men tended the net while it was set to ensure it did not 
tangle or backlash. Setting the net usually required 40-50 minutes. Two or 
three floats (60 cm. diameter) and a bamboo flagpole rigged with a flag, a 
radar reflector and a flashing xenon light were attached at each end of the 
net. In addition, a radio beacon was attached to the end of the net where 
retrieval was to commence. After the net was set, the vessel stood off 
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approximately 0.5 km. The net was generally set at dusk and was left out 
approximately 9 hours. 

Net retrieval was accomplished by pulling the net through a 
fairlead mounted on the starboard rail via a net puller mounted 1.5 m. above 
the deck across the fishing deck from the fairlead. The catch was removed by 
4 to 6 persons stationed between the fairlcad and the net hauler. One person 
guided the net from the puller and one person fed the net onto the trawl drum. 
As the net was hauled aboard, an observer recorded the catch and dropouts by 
species for each panel. Retrieval required from 1.5 to 3 hours depending on 
the catch. 

Floating longline was used to catch fish of a smaller size than 
would be caught in the driftnet and to provide salmonids for tagging. The 
basic longline unit is comprised of a mainline to which 49 hooks are attached 
at 2.3 m. intervals using monofilament gangions 1 m. long. Ten small wooden 
floats are attached along the mainline via short (20 cm.) floatlines. The 
hooks used have a gape of approximately 1.0-1.2 cm. A complete description of 
the standard unit or "skate" is provided by Turner and Aro (MS 1968). Hooks 
were baited with frozen salted anchovy (Engraulis sp.) 7 to 10 cm. long on the 
first part of the cruise. On the return trip, the bait used was frozen 10-12 
cm. herring (Clupea harengus pallasi) or salted and frozen 7-8 cm. herring. 
Longline gear was deployed in a "string" of 20 skates (2.9 km.) for most sets. 
Skates were joined via longline snaps attached to a net float 8 cm. in 
diameter and 12 cm. long. As with the driftnet gear, the ends of the longline 
set were marked with floats and a flagpole to which was attached a radar 
reflector, flag and flashing light. A radio beacon was also attached to the 
end to be retrieved first. 

The longline gear was deployed from a specially constructed 
platform on the starboard side at the stern side of the vessel. The platform 
and techniques used to deploy and retrieve the longline are similar to that 
described by Turner and Aro (MS 1968) except the speed at which the gear was 
set out (0.5 skate/minute) was about half their rate. The longline gear and 
techniques described here are the same as those used by Lebrasseur et al 
(1988). The locations of the longline sets are described in Table lA. 

As the gear was hauled aboard, the catch in each tan or hachi was 
identified and counted. Once aboard, the catch is sorted by species, placed 
in plastic tubs, and weighed using a platform scale to the nearest kilogram. 
Fork length of bony fishes such as pomfret and tuna were measured. Mantle 
lengths of squid species were taken and sharks were measured to total length. 
When possible, fish were examined to determine sex, and the nature and volume 
of prey items in stomachs. Dorsal and left pectoral fins were removed from 
tuna for age determination. Samples of squid, pomfret, and all unidentified 
specimens were frozen for further analyses. 

Normal procedures were to release alive, if possible, any marine 
mammals or birds caught in the gear. Birds found dead were identified and 
frozen for examination. Mammal reproductive tissues, skulls and vertebrae 
were frozen and taken to the U.S. National Marine Mammal Laboratory in 
Seattle. 
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Oceanographic observations included XBT (to 750 or 1800 m) and/or 
STD recordings to 200 m depth at fishing stations. Data were transmitted from 
the ship to satellite using a National Oceanographic and Atmospheric 
Administration GOES system. XBTs were dispatched periodically until the squid 
grounds were reached. STD measurements were also done on the transect to the 
fishing grounds. 

Marine mammal, bird and debris sightings were conducted every day 
when fishing operations terminated. Sighting effort averaged 4 hours per day, 
weather permitting. For individual sightings, species were identified and 
counted, behaviour noted, and location information recorded. On the Honolulu 
to Nanaimo section of the trip, sea bird species identifications were made and 
numbers recorded. Marine debris was identified, counted, size estimated and 
shape determined, and location of sighting recorded. Large pieces of fishing 
debris were retrieved aboard the vessel and returned to Nanaimo for disposal. 
Observations of marine mammal behaviour around the vessel and during fish 
operations was recorded. 

A continuous watch for vessels was maintained. All fishing 
vessels encountered were counted, identified if possible, location recorded, 
and activities observed. 

RESULTS 

Eleven driftnet and 7 longline stations were fished (Table 1). 
Three longline stations were missed as weather conditions were too severe to 
use the gear. Additional longline stations north and east of the squid 
grounds were added during the return cruise. 

The catch was comprised of 14 species. The specific details of 
the catch are listed in Table 2. No salmonids were taken on either gear type 
during the 1989 cruise. 

Neon flying squid (Ommastrephes bartrami) were the only species of 
squid caught. They were encountered in all driftnet sets. They ranged in 
size from 28 to 50 cm dorsal mantle length (Fig. 2). Sea surface temperatures 
where squid were encountered ranged from 14.2°C to 22.1°C. 

Pacific pomfret (Brama japonica) were abundant in the catch at 
only one station (Set D8, August 11). Over the survey period, they ranged in 
length from 22 to 46 cm with a modal fork length of 26 cm (Fig. 3). There 
were two distinct size classes: 22-28 cm and 40-45 cm which likely defines two 
age classes. 

Blue shark (Prionace glauca) were caught in low numbers in most 
driftnet sets. Total lengths ranged from 53 cm to 2.2 m (Fig. 4). 

Albacore tuna (Thunnus alalunga) were caught using driftnet gear 
at many stations but were abundant at only one (D3). Fork length ranged from 
47 to ~3 cm (Fig. 5). 
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Two common dolphins (Delphinus delphis) were caught in one 
driftnet set (DS). Both animals were badly entangled around the cork line of 
the net. A male measured 172 cro and weighed 55 kg and a female measured 149 
cm and weighed 42 kg. The female dolphin had two healed scars measuring about 
15 and 25 cm located laterally on the left abdomen. Ninety-two sightings of 
marine mammals and reptiles were recorded during 138.5 hours of sighting 
effort. 

Thirty-one sea birds were caught in both gear types. Most were 
released alive except 2 sooty shearwaters (Puffinus griseus) were tangled 
below the corkline of the driftnet, and one fork-tail storm-petrel 
(Oceanodroma furcata) was caught on a longline hook. During one longline set 
(LS) on the return trip, 17 black-footed albatross (Diomedea nigripes), 1 
Laysan albatross (Diomedea immutabilis), 1 northern fulmar (Fulmaris 
glacialis) and 1 parasitic jaeger (Stercorarius parasiticus) were caught on 
the hooks. All were released alive. There were at least 150 black-footed 
albatross near the vessel during that particular set. This was the highest 
density of birds observed near any set. 

Salinity, temperature and depth measurements were collected with 
STD and temperature alone with XBT probes. A total of 39 STD and 116 XBT 
casts were made. Due to problems with the STD probe, not all stations on the 
return trip were sampled. Surface water temperatures within the survey area 
ranged from 13.4°C to 23.2°C. Surface salinities ranged from 31.3 ppt. to 
34.l ppt. The presence of the Subarctic boundary, as indicated by the 34 ppt. 
saline water in the surface waters, was located between stations 10 and 11. 

During surveys of marine mammals and reptiles, debris was also 
recorded. Styrofoam and plastic fishing floats were the common items 
identified. 

A total of 34 foreign squid fishing vessels were encountered 
within the regulated squid fishing boundaries. No squid vessels were observed 
in the limited travel of the Arctic Harvester north of the boundary. During 
the outbound leg of the survey 15 foreign squid fishing vessels were observed. 
Most of the vessels were travelling. During the return voyage, 19 vessels 
were encountered and all were fishing. 

DISCUSSION 

The most notable feature of the 1989 research cruise to the north 
east Pacific squid fishery zone is the absence of any salmonids in either the 
longline or driftnet catches. This is in marked contrast to the 1987 and 1988 
cruises to this area when 158 and 748 respectively, were caught between 42°N 
and 46°N in June and early July during similar amounts of fishing effort. 
Bernard (1986) fished a small amount of driftnet in and north of the eastern 
portion of the squid zone during August 1986 and caught no salmonids. 

The data for 1989 indicate there are either no or a very low 
concentration of salmonids present in the eastern portion of the north Pacific 
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squid fishery zone from mid-July through mid- August. Bernard's 1986 data 
provide some support for this. Very likely, the southward limit of salmonid 
distribution in the north Pacific is determined to a large extent by water 
temperature. In 1987 and 1988, no salmonids were taken at stations where the 
sea surface temperature was greater than 14.5 C. In some cold water years, 
salmon may well occur below 43°N in July or 40°N in June. Our data indicate 
the salmon do not occur in surface water above 15 C in the squid fishery zone 
sampled to date. This is in contrast to Japanese research data which show 
salmon taken at temperatures greater than 15 C. 

The catches of squid were quite variable (Table 2) but the mean 
catch per set (113) did not differ greatly from those in 1987 or 1988, 106 and 
128 respectively (LeBrasseur et al 1987, 1988). 

Catches of pomfret in the July 18 to August 16, 1989 period were 
very small compared to those for June and July of 1987 and 1988 (LeBrasseur et 
al, 1987,1988). The catch was dominated by fish in the 22 to 28 cm (fork 
length) range which is considerably smaller than those taken in 1987 and 1988. 
Only a few fish of the size taken in those years (fork length 35 to 45 cm) 
were caught this year. Bernard (1986) also caught mainly smaller pomfret in 
this area in late August 1986. These data indicate that large fish leave this 
area, possibly to spawn in August and a new year class recruits to the fishery 
at this time. There are not sufficient data to indicate whether or not the 
pomfret population in the squid fishery zone is declining. The data are 
somewhat provocative in that the driftnet catch for the 1987 cruise is almost 
4 times that for the 1988 cruise (Lebrasseur et al, 1987, 1988). 

The 1989 catch of albacore and skipjack tuna is considerably 
higher than in 1987 or 1988. Again, this is likely due to the warmer water 
fished in 1989. Bernard (1986) caught substantial numbers of albacore and 
skipjack in August 1986. 

In summary, the differences between the 1989 and the 1987 and 1988 
cruises are very likely related to the warmer than average water present in 
the squid fishery zone. Annual variability of central North Pacific 
oceanographic features will affect the abundance and distribution of 
salmonids. Additional study will be needed to describe the extent of the 
overlap of squid and salmon populations in the within an environment that 
changes from year to year. Geographic coverage has, to date, been restricted 
to the eastern portion of the squid fishery. Sampling coverage should be 
increased to include more western areas of the fishery. 
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Table 1. Sampling Locations and Site Data 

A. Longline 

Stn Set Set Set Lat. Long. Set Sea Wind Wind 
No. No. Date Time (DD.MM) (ODD.MM) Dir. Temp. Speed Dir. 

(PDT) North West (°) (°C) (Kt.) (°) 

2 Ll 7/16/89 0500 43.59 145.01 90 12.9 20 270 
4 L2 7/20/89 0630 43.33 149.58 360 13.5 11 270 
6 L3 7/22/89 0630 43.33 154.58 360 15.1 10 270 
14 LS 8/13/89 0641 46.00 157.22 90 15.7 10 190 
16 L6 8/14/89 0615 46.33 155.03 195 14.5 19 40 
19 L7 8/18/89 0630 47.39 140.45 90 15.4 5 10 
20 L8 8/19/89 0615 48.29 136.12 60 15.5 10 310 

B. Driftnet 

Stn Set Set Set Lat. Long. Set Sea Wind Wind Tans 
No. No. Date Time (DD.MM) (DOD.MM) Dir. Temp. Speed Dir. Set 

(PDT} North West (0) {°C) (Kt I) ( 0) (50m) 

3 Dl 7/17/89 2134 43.01 146.02 320 13.4 9 270 55 
5 D2 7/21/89 2200 42.52 151. 52 280 14.5 10 260 55 
7 D3 7/23/89 2300 42.34 157.18 105 16.9 12 160 55 
9 D4 7/24/89 2055 41. 59 158.23 225 18.1 12 160 55 
10 D5 7/25/89 2400 40.12 159.47 90 20.1 12 270 55 
11 D6 7/26/89 2330 38.19 160.00 270 22.1 12 270 55 
12 D7 8/10/89 2215 42.20 159.28 90 19.1 15 320 55 
13 D8 8/11/89 2216 44.05 159.33 90 17.5 18 100 55 
15 D9 8/13/89 2022 46.28 154.58 270 14.6 22 20 55 
17 D10 8/14/89 2220 45.44 152.44 90 15.6 13 10 55 
18 D11 8/15/89 2200 45.53 150.03 90 15.8 10 * 29 

* Missing data 
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Table 2. Detailed Catch by Set for Driftnet and Longline 

Stn. Set Surface Weight Nwnbers Drop 
No. No. Date Temp Salinity Species (kg) Caught Out 

(OC) (ppt.) 

1 Abandoned due to weather 

2 Ll 07/16 12.9 No catch 

3 Dl 07/17 13.4 32.95 N.F. Squid 75 44 
Blue shark 13 6 
Albacore 15 3 
Pomfret 2 7 
Yellowtail 1 1 
Sooty shearwater 2 

4 L2 07/20 13.5 32. 96 Pelagic Armourhead 4 8 
Forktail petrel 1 
B-F. Albatross 1 
L. Albatross 4 
Sooty shearwater 2 

5 D2 07/21 14.5 33.00 N.F. Squid 2 2 
Albacore 64 10 
Blue shark 1 1 1 

6 L3 07/22 15.l 32.67 L. Albatross 1 

7 D3 07/23 16.9 32.69 N.F. Squid 60 38 
Albacore 722 129 16 

Pomfret 1 8 
Blue shark 37 24 
Yellowtail 1 1 
0. sunfish 1 1 1 

8 D4 07/24 Abandoned 

9 D4 07/24 18.1 32.81 N.F. Squid 145 72 
Albacore 5 2 
Pomfret 1 1 

10 OS 07/25 20.1 33.68 N.F. Squid so 24 
Skipjack 42 18 
Blue shark 10 1 
Yellowtail 7 7 
Common dolphins 97 2 

11 D6 07/26 22.5 34.19 N.F. Squid 16 7 
Skipj ack 29 18 
Unid. fish 1 1 
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12 D7 08/10 19.1 * N.F. Squid 149 68 4 

13 D8 08/11 17.5 * N.F. squid 446 233 1 
Pomfret 98 274 7 
Blue shark 11 3 
Albacore 8 2 
Salmon shark 1 

14 LS 08/13 15.7 * No catch 
B-F. Albatross 17 
Laysan Albatross 1 
Parasitic Jaeger 1 
Northern Fulmar 1 

15 D9 08/13 14.6 * Blue Shark 1 
Pomfret 16 3 
N.F. Squid 650 365 11 
Albacore 3 1 

16 LS 08/14 14.5 32.53 Pomfret 2 

17 D10 08/14 15.6 32.49 Blue Shark 2 
Pomfret 30 1 
Albacore 3 
N.F. Squid 387 6 

18 D11 08/15 15.8 * Pomfret 6 
Albacore 1 
N.F. Squid 7 1 

19 L6 08/18 15.4 * No catch 

20 L7 08/19 15.5 * No catch 
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Neon Flying Squid LF 
July - August 1989 
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Blue Shark LF 
July - August 1989 
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Albacore LF 
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