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ABSTRACT
In order to clarify the oceanic structure and marine ecosystem, oceanographic
observations and fishing surveys (including for salmonids) were conducted in the
Northwest Pacific Ocean (along 155°E), in the Central North Pacific Ocean (along
47°N), in the sea area around the Aleutian Islands and in the Bering Sea. Each
survey was conducted during the Cruise #201 in May and the Cruise #202 from June
to July, 2009.
The Polar Front was located at 44°N and the Subarctic Boundary was located at
40°N in the 155°E research line. Three drift gillnet were conducted along 155°E in
May during the Cruise #201 (OSG0901: 43°-33’N, OSG0902: 41°-45’N, OSG0903:
37°-05’N). A total of 70 chum salmon and 552 pink salmon were caught by the drift
gillnet operations. The CPUE value of chum salmon was highest at 43°-33’N, on the
other hand, that of pink salmon was highest at 41°-45’N. No salmonids were caught
37°-05’N. A total of 14 chum and 609 pink salmon were caught by four
hook-and-line gear samplings. Almost all chum salmon caught along 155°E in May
were mature, and this result was same as before.
The 47°N latitude line between 160°E and 175.5°W longitude in the North Pacific,
the surface temperature got colder from east to west. Temperature under 2°C was
observed about depth of 100db at 160°E. The halocline was observed about depth of
150db in this research line. Four drift gillnets and nine hook-and-line gear samplings
were conducted along the 47°N line in the North Pacific. One surface long-line and
three hook-and-line gear samplings were conducted around the sea area of Aleutian
Islands during the Cruise #202 -Leg 1.A total of 109 sockeye, 230 chum, 895 pink,
46 coho and 10 steelhead salmon were collected by every sampling gear.
Three drift gillnets, one surface long-line and 10 hook-and-line gear samplings
were conducted in the Bering Sea during the Cruise #202-Leg 2. A total of 76
sockeye, 302 chum, 1909 pink salmon and one coho and three chinook salmon were
collected by drift gillnets and hook-and-line gear samplings.
INTRODUCTION
The Oshoro maru has continued to study the oceanic structure and marine biology
in the North Pacific Ocean and Bering Sea (infrequently in the Chukuchi Sea) every
summer since 1953. Collected data has been published annually since 1957
(Hokkaido University, 1957-2009).
Since 1978, several transects have been repeatedly sampled to study long-term
changes in the North Pacific Ocean.
In 2009, salmon research areas were divided roughly following four research areas
during two cruises (Cruise #201 and #202).
1. In the Northwest Pacific along the 155°E longitude line in May during the
Cruise #201.
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2. In the Central North Pacific along the 47°N Latitude line in June during the
Cruise #202-Leg 1.
3. Around the sea area of Aleutian Islands in June during the Cruise #202-Leg 1,
3.
4. In the Central Bering Sea from late June to early July during the Cruise
#202-Leg 2.
The primary research objects about those areas were
1. To collect oceanographic and biological data annually along 155°E longitude
line in May.
2. To study oceanic structure and variety of marine ecosystem along the 47°N
Latitude line.
3. To collect oceanographic and biological data around the sea area of Aleutian
Islands.
4. To study oceanographic condition and bio-characteristics of salmonids in the
Central Bering Sea
This document reports the preliminary results about those research areas during
the cruises.
MATERIAL AND METHODS
Cruise Schedule and Salmon Research Area
Oceanographic observations and gillnet surveys were conducted along the 155°E
from May 11 to 16 during the Cruise #201. Oceanographic observations and gillnet,
surface long-line and hook-and-line surveys were conducted along the 47°N Latitude
line in the area across the dateline and around the Aleutian Islands from June 6 to 19
during the Cruise #202-Leg 1. Oceanographic observations and gillnet, surface
long-line, hook-and-line and bottom otter trawl surveys were conducted in the
Bering Sea from June 23 to July 2 during the Cruise #202-Leg 2 (bottom otter trawl
surveys did not intend to collect salmonids) (Fig. 1, Table 1).
Oceanographic Observation
16 oceanographic observations were conducted at 45 nautical mile intervals from
44°N to 34.25°N along 155°E in the Cruise #201. Eight oceanographic observations
were conducted at 3.5° longitude intervals from 160°E to 175.5°W along 47°N line,
and 22 observations were conducted around the sea area of Aleutian Islands in the
Cruise #202-Leg 1. 26 oceanographic observations were conducted in the Cruise
#202-Leg 2 and 3 (Fig. 1, Table 1). The data collected by the conductivity,
temperature, and depth sensor (CTD) were used for making the vertical sections of
the temperature and salinity along 155°E longitude line and 47°N latitude line.
Drift Gillnet Sampling
One set of drift gillnet was used to collect salmonids and other epipelagic fishes
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[Figs. 1-(1), (2), (3) and Table 1]. Details about each operation are shown in Table 2.
The gillnet configuration is as follows:
Net
A-Gear
C-Gear
F-Gear
Mesh size 115 121 48 55 63 72 82 93 106 121 138 157 19 22 25 29 33 37 42 Total
(mm)
Number of 6 6 3 3 3 3 3 3 3 3 3 3 1 1 1 1 1 1 1 49
tan
The net comprised of 30 tans of C-Gear gillnet (non-selective varied research mesh,
Takagi, 1975), 12 tans of A-Gear gillnet (commercial mesh), and seven tans of F-Gear
gillnet (special mesh). Each tan was 50m long. Gillnet gear was set in the evening,
allowed to soak overnight, and retrieved in the following morning. The number of
organisms caught was counted by species for each mesh size. Catch per unit effort
(CPUE) values were calculated as the number of fish caught by C-gear gillnet per tan.
Surface Long-line sampling
Surface long-line samplings were operated during the Cruise #202-Leg 1 and the
Cruise #202-Leg 2 [Figs. 1-(2), (3), and Table 1]. The details about each operation
are shown in Table 3.
Ten hachies (baskets) were used at the two stations (OSSL 0901 and OSSL 0902).
One basket was comprised of main line with 34 branch lines. The main line was 127
m long and attached to branch lines at 3 m intervals. Each branch line was equipped
a hook. Fishing depth was about 2 m. Salted anchovies were used for bait. The scale
collection method and data recorded on length and species were the same as those in
standard methods.
Hook-and-Line Sampling
Hook-and-line gears were used at four stations along 155°E line during the Cruise
#201, at 12 stations along 47°N line and in the sea area around the Aleutian Islands
in the North Pacific, and at ten stations in the Bering Sea during the Cruise #202-Leg
1, 2 and 3 [Figs. 1-(1), (2), (3), (4) and Table 1].
Fish Examination
Salmonids were processed soon after removal from the fishing gear. Biological
data [fork length (F.L., mm), body weight (g), sex, and gonad weight (g)] were
recorded per each sampling gear at every station. Gillnet samples were randomly
selected a maximum of 60 fishes per species per mesh size from the research gillnet
and a total of commercial gillnet. Scale samples were collected from the
International North Pacific Fisheries Commission (INPFC) preferred body area
(Davis et al., 1990) and placed on gummed cards for verification of species
identification, and for age, growth and stock origin studies.
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Additional research activities included collection of salmonids stomachs, muscle
and fin tissues, blood samples, and egg samples for studies of food habits, growth,
stock identification, and female-specific serum proteins.
Sockeye salmon (Oncorhynchus nerka) and chum salmon (O. keta) were classified
as mature or immature based on their gonad weight (Takagi, 1961).
RESULTS AND DISCUSSION
Details of oceanographic data and biological data collected during the cruises
were published in the “DATA RECORD OF OCEANOGRAPHIC OBSERVATIONS
AND EXPLORATORY FISHING NO. 53” of Hokkaido University in May 2010.
Cruise #201 along the 155°E in the Northwest Pacific
Oceanographic Conditions
Vertical sections of Temperature and salinity (0-500db) along the 155°E transect
in the Cruise #201 are shown in Figure 2.
The geographic positions of the Polar Front and the Subarctic Boundary
(Dodimead et al., 1963, Favorite et al., 1976, Roden, 1991) were observed following
locations in May 2009.
The Polar Front which is indicated by the vertical 4°C isotherm at 100m depth
observed in the vicinity of 44°N, but small warm core was observed from the north
of 42.5°N. The Subarctic Boundary indicated by the vertical 34.0 psu isohaline was
observed in the vicinity of 40°N which were similar to the location in 2008 (Sakaoka
et al. 2009).
Organisms caught by drift gillnet
The numbers of organisms caught by the drift gillnet and CPUE values at each
station are shown in Table 4.
Two drift gillnet surveys (at 43°. 33’N and 41°-45’N) were conducted in the
Transition Domain and one drift gillnet survey (at 37°N) was conducted in the
Subtropics (Dodimead et al., 1963) during this cruise (Figs. 1, 2, Table 2).
A total of 34 chum salmon (Oncorhynchus keta) and 315 pink salmon
(Oncorhynchus gorbuscha) were collected at three stations along 155°E in May. CPUE
value of chum salmon was higher at 43°-33’N, on the other hand, that of pink salmon
was higher at 41°-45’N.
Non-salmonid fishes caught by C-gear were shown in Table 4. Pacific pomfret
Brama japonica (n=61) were abundant in the catch. In addition, 11 albacore tuna
(Thunnus alalunga), two blue shark (Prionace glauca), two Paralepidid fish
(Anotopterus sp.), one Pacific bluefin tuna (Thunnus orientalis) and one flying squid
(Ommastrephes bartramii) were caught.
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Biological characteristics of salmonids
A total of 34 chum salmon was collected by C-gear gillnet. Their fork lengths
ranged between 458-617 mm F.L. (mean ± SD = 526.0 ± 37.6 mm, Median = 522
mm,) and 94.1% were mature fish. From these results, their ocean ages were thought
to be almost over 3 years (Meguro et. al., 2004).
A total of 315 pink salmon was collected by C-gear gillnet. Their fork lengths
ranged between 333-499 mm F.L. (mean ± SD = 403.2 ± 23.1 mm, Median = 400
mm) (Fig. 4).
Cruise #202-Leg 1 along the 47°N and around the Aleutian Islands
Oceanographic Conditions
Vertical sections of Temperature and salinity (0-500db) along the 47°N transect in
the Cruise #202 are shown in Figure 3.
The surface temperature was rising the east from 4°C to 8°C. However warm core
(over 6°C) occurred near at 163°E. The local minimum layer of temperature was
observed above the halocline which was observed in the depth about 150db. Layer
which temperature was under 2°C was observed about depth 100db at 160°E. It is
considered that this layer was referred from the dicho-thermal water.
Organisms caught by drift gillnet
Four drift gillnets were conducted at 7° longitude intervals from 160°E to
175.5°W along 47°N line during the Cruise #202-Leg 1. The numbers of organisms
caught by the drift gillnet and CPUE values at each station along 47°N line are
shown in Table 5.
A total of 66 sockeye salmon (Oncorhynchus nerka), 139 chum salmon, 360 pink
salmon, 22 coho salmon (Oncorhynchus kisutch), two chinook salmon
(Oncorhynchus tshawytscha), and one steelhead (Oncorhynchus mykiss) were
collected at four stations along 47°N in June.
Non-salmonid fishes caught by C-gear were shown in Table 5. 48 Atka mackerel
(Pleurogrammus monopterygius), 22 eight-armed squid (Gonatopsis borealis), and
nine sea birds were caught.
Biological characteristics of salmonids
Fork length frequency and maturity ratio (except pink salmon) of sockeye, chum
and pink salmon caught by C-gear gillnet at 47°N line in June in the Cruise
#202-Leg 1 are shown in Figure 5.
[Sockeye salmon]
Statistical data for fork length frequency distributions of sockeye salmon were as
follows:
160°E, in June: mean ± SD = 573.6 ± 38.6 mm, median = 586.0 mm F.L., n=7
167°E, in June: mean ± SD = 454.4 ± 60.0 mm, median = 460.0 mm F.L., n=52
174°E, in June: mean ± SD = 416.6 ± 63.9 mm, median = 426.0 mm F.L., n=7
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It can be seen from these results that large and mature sockeye salmon tend to be
dominant in the western research area in the 47°N line.
[Chum salmon]
Statistical data for fork length frequency distributions of chum salmon were as
follows:
160°E, in June: mean ± SD = 526.0 ± 43.5 mm, median = 528.0 mm F.L., n=9
167°E, in June: mean ± SD = 541.4 ± 38.1 mm, median = 534.5 mm F.L., n=22
174°E, in June: mean ± SD = 492.5 ± 58.4 mm, median = 480.5 mm F.L., n=28
179°W, in June: mean ± SD = 325.5 ± 43.3 mm, median = 310.5 mm F.L., n=74
These results show that the body size and maturity ration are tend to decrease in
eastern research area in the 47°N line. The chum salmon were thought to consist of
various ages, and adult fishes were dominant in the western research area.
[Pink salmon]
A total of 344 pink salmon was collected by C-gear gillnet at the 47°N line. Their
fork lengths ranged between 343-510mm F.L. (mean ± SD = 441.6 ± 25.6 mm,
Median: 443.0 mm).
Organisms caught by surface long-line and hook-and-line gear samplings
Hook-and-line gear samplings were conducted at nine stations along the 47°N.
The number of salmonids by the surface long-line and hook-and-line are shown in
Table 6. A total of six sockeye, 14 chum, 138 pink, 11 coho salmon and five
steelhead were collected by this gear sampling at the stations along the 47°N. One
surface long-line and three hook-and-line gear samplings were conducted at the sea
area around the Aleutian Islands. The number of salmonids by the surface long-line
and hook-and-line are shown in Table 6. A total of five Sockeye, 17 chum and 16
pink salmon were collected by those gear samplings in the sea area around the
Aleutian Islands.
Cruise #202-Leg 2 in the Bering Sea
Organisms caught by drift gillnet
Three drift gillnets were conducted in the Bering Sea during the Cruise #202-Leg
2. The numbers of organisms caught by the drift gillnet and CPUE values at each
station are shown in Table 5.
A total of 45 sockeye salmon, 210 chum salmon, 1130 pink salmon, and three
chinook salmon were collected at the three stations in the Bering Sea in July.
Non-salmonid fishes caught by C-gear were shown in Table 5. two Atka mackerel,
four eight-armed squid, and ten sea birds were caught.
Biological characteristics of salmonids
Fork length frequency and maturity ratio (except pink salmon) of sockeye , chum
and pink salmon caught by C-gear gillnet in the Bering Sea in July in the Cruise
#202-Leg 2 are shown in Figure 6.
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[Sockeye salmon]
A total of 42 sockeye salmon collected by C-gear gillnet in the Bering Sea ranged
between 294-638 mm F.L. (mean ± SD = 472.1 ± 97.2 mm). Fork length frequency at
OSG0910 (55°-40’N, 178°E) can be divided into three ranges (290-340 mm, 410-510
mm and 570-610 mm) and 18.2% of these fishes were mature. Sockeye salmon
collected at OSG0908 (56°N, 180°E) were over 450 mm F.L. and 70% of them were
mature fish.
[Chum salmon]
A total of 209 chum salmon collected by C-gear gillnet in the Bering Sea ranged
between 294-683 mm F.L. (mean ± SD = 421.5 ± 99.0 mm), and 14.4% of them were
mature fish. 77.0% of them were caught at OSG0910 (55°-40’N, 178°E) and were
occupied by immature fishes.
[Pink salmon]
A total of 599 pink salmon was collected by C-gear gillnet in the Bering Sea.
Their fork lengths ranged between 327-598 mm F.L. (mean ± SD = 440.3 ± 27.0 mm,
Median: 440.0 mm).
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