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Introduction

Unanticipated changes in the ocean productivity of Bering Sea ecosystem are affecting Asian and
North American societies and economies through reduction and possible elimination of important
commercia and subsistence fisheries. An international effort is required to detect and monitor
changesin salmon and their ecosystem because stocks from al major salmon producing nations are
digtributed in the Bering Sea, intermingle in international waters, and migrate across the national
economic zones. At the 2001 annual meeting of the North Pacific Anadromous Fish Commission
(NPAFC), Canada, Japan, Russia, and the United States agreed to plan and coordinate a new
international program that will form the basis for long-term, large-scale ecosystem research on salmon
in the Bering Sea (NPAFC, 2001).

The somatic growth of Japanese chum salmon is affected by offshore environment in the North
Pacific Ocean (Ishida et a. 1993). Environment in the Bering Sea may be a key to determine the
somatic growth of Japanese chum salmon, because Japanese chum salmon are distributed in the
Bering Sea during the summer growth period (Urawa 2000). Japan continues to monitor summer
salmon stocks and environments in the Bering Sea using research gillnets since 1992. However, data
of the monitoring research is not sufficient to estimate abundance of salmon, because of the limited
survey area in the central Bering Sea. Thus, we need intensive surveys in the whole areas of the
Bering Sea using trawl nets to determine salmon abundance and their ecosystem structures.

Objectives of Research

Our short term (5 years) purpose is to estimate abundance and spatial distribution of salmon by
stocks, and basic ecosystem structures in the Bering Sea. In the first year 2002, we will focus on
spatia distribution of salmon, fishing efficiencies of trawl and gillnet, and develop proper research
plan for abundance estimation of salmon. The research will be conducted in cooperation with the
Bering-Aleutian Salmon Internationa Survey (BASIS) plan (NPAFC, 2001).
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Tentative Schedule
June 20 —September 30, 2002 for 103 days (Table 1)

Survey Area

The sampling stations are the BASIS's and Wakatake maru fixed locations in the Bering Sea
(Figure 1and Table 2. In the Gulf of Alaska Iron, chlorophyll and phytoplankton production at the
sea surface will be monitored. In the continental shelf of eastern Bering Sea, only hydrographic
samplingswill be conducted, because the depth in this area are less than 100 m.

Field Survey
?? Fish Sampling
Trawl operation

To catch salmon and other nektonic species, one-hour trawl operation will be made in the surface
layer (from the surface to 60 m in depth) with 5 knots towing speed. The net size is 208 m long, 63.2
m head rope, 400 m warp and the cod-end made of 11 mm knotless mesh.

Salmon treatments

All salmon in the catches will be counted by species. The principa biologica characters that will
be measured include fork length, body weight, sex, and gonad weight. Gonad weight will be used as
an index of maturity. Juvenile (ocean age-.0) salmon will be frozen in the round for laboratory
collection of length, weight, stomach contents, scales, otoliths, and tissues for genetic anayss.
Immature and adult saimon will be sampled aboard the vessel for scales, otoliths, tissues (muscle,
heart, liver and brain), and stomach contents for feeding, growth, stock identification, parasite, and
neuroendocrine analyses (Table 3). Tissue samples for genetic analyses will be kept frozen at -80°C.
Some chum salmon will be frozen in the round for parasite and lipid analyses. Heads will be collected
from al salmon with missing adipose fins for laboratory examination for coded-wire tags.

Salmon Abundance estimation

The abundance of salmonids in the whole areas of the Bering Sea using trawl nets will be estimated,
and compared to those in the Central Bering Sea using gillnet by the R/V Wakatake maru in the same
time around same time. These surveys will provide that it is adequate to conduct stock assessment of
Japanese-origin salmon in the Bering Sea.

By-catch organisms

By-catch organisms will be sorted according to species and measured and its body weights and
body lengths will be recorded. Pollack will be kept frozen and squids will be kept in a 10% formalin
seawater solution.

?? Zooplankton Sampling
NORPAC net (vertical tow) with attached flow meter will be hauled vertically from 150 m. Carry



out surface will tow of the ORI NET (0.67 mm mesh)(Legs 1, 3, and 4). RMT will tow the depth of
200 m. Zooplankton will be preserved in a 10% formain seawater solution (Leg 4). Multiple
Opening/Closing net will be made in the malt layers with 2 knots towing speed. The sampling will be
carried out at each depth layers from 400 m to surface with changing nets (Leg 4).

?? Oceanography, DO and Nutrient

Oceanographic observations will be made with CTD after fishing operations. CTD observations
will be changed to XCTD observations based on conditions at trawl locations. Severa sensors on the
CTD *“octopus” will mllect data (temperature, salinity, depth, and dssolved oxygen (DO)) from
0-3000 (Leg 1) meters or 01500 m (Legs 3 and 4). CTD Rosette sampling using the 2.5 liter Niskin
bottle x 13 depth will be made for collection of the water at the depth of 0 (bucket sample), 10, 20, 30,
50, 75, 100, 125, 150, 200, 250, 300, 400 and 500 m for sainity, DO and the nutrient, NO,+NQOs;, PO,,
and SOs. Investigations of vertical thermal and saline structure (0-1000 m) using XCTD. Sdlinity will
be confirmed by auto-sainometer analysis. Dissolved oxygen will be measured by titlation method.

?? Acoustic Survey
Make echo soundering research during daytime at the station of the trawl observation by Simrad

EK500. Reduce the cruising speed (810 knots) from the site that is 810 nautical miles before the
fixed gtation in order to make echo soundering research when we have enough time to survey.

?? ADCP Observation
Observe the vertical distribution of sea currents using the ADCP system. Currents direction and
speed will be measured at 3 layers.

?? Solar Radiation
Solar radiation studies using meteorological radiometer, Print out every 5 min.

?? Other Information on Sea Weather
Measure and record continuously other meteorological elements on the sea weather using the
automated meteorologica monitoring equipment during the entire cruise.

?? Tag Survey
Sampling of salmon will be done by Hook and line fishing for tag survey.

?? Iron Fertilization Experiment (Leg 2)

Iron, SF6, chlorophyll, phytoplankton production at the sea surface will be monitored. Vertica
profiles of biological and chemical parameter at the center of iron patch and reference site will be
measured. Incubations for primary production and microzooplankton grazing will be analyzed. Light
attenuation will be measured. HPLC for phytoplankton pigments, POC/PON opal, TCO2, Alkalinity,
iron, iron solubility capacity, trace metals, bacteriad abundance, nano-flagellates abundance,



microzooplankotn abundance, phytoplankton species composition, mesozooplankton abundance and
species composition will be measured.

Laboratory Survey
?? Nutrients Measurements
Nutrient, NO,+NO;, PO,, and SO; will be andyzed .

?? Scale Analyses

Ages will be determined by visua examination of scale patterns for al samon. Scales will be
collected from the INPFC preferred area of the fish body. For juvenile salmon, two scales per fish will
be collected, placed on gummed cards with the sculptured surface up and impressed in transparent
acetate. Procedures for immature and adult salmon will be similar, except that scales will be mounted
on gummed cards during shipboard processing. Scale impressions will be provided to scientists in the
member nations by request.

?? Stomach Content Analyses

The salmon stomachs will be removed and frozen individually. After thawing, the ssomach samples
will be weighted on a balance before and after remova of stomach contents. The weight of the
contents will be obtained by subtraction. A stomach content index (SCI) will be calculated as the ratio
of measured prey weight to sdlmon body weight times 100.

?? Genetic Stock Identification

Origin of chum salmon will be estimated by alozyme and mitochondrial (mt) DNA anaysis. The
muscle, heart, and liver are collected from al chum salmon, and immediately frozen at -80°C for
laboratory analysis. The tissues are examined for 20 alozyme loci on horizontal starch gels at the
National Salmon Resources Center, Sapporo. At Hokkaido University (Sapporo), DNA s isolated
from the liver, and the nucleotide sequences of 500 bp variable portion from the 5" end of mtDNA are
examined as described in Sato et a. (2001). We will also test a newly developed microarray system to
determine mtDNA haplotypes by using blood samples on board. Stock contributions will be estimated
with a conditional maximum likelihood agorithm usng SPAM.

?? Otolith Mark Detection

The left and right sagittal otoliths will be removed from al pink and chum salmon to detect thermal
marks. Otolith samples will be examined at the National Salmon Resources Center, Sapporo. The left
sagittal otoliths will be mounted sulcus-side up, using therma resin, on petrographic dides, and then
ground to expose primordia. If left sagittal otoliths are not available or are overground, then right
sagittal otoliths will be used. Otolith microstructure will be examined under a compound microscope,
and the microstructure patterns will be compared to mark patterns from Asian and North American
hatchery voucher specimens. All otoliths will be read independently by a second reader to minimize
reader error and provide confidence in readings.



?? Lipid Content Analyses
Tota lipid content (TL) of chum salmon will be determined to estimate their trophic condition. The

muscle and liver are collected from frozen round samples of chum salmon caught at four stations
(n=60 each) in north, south, central and western waters. At the Nationa Salmon Resources Center,
Sapporo, TL will be extracted from the muscle and liver by Folch’'s method using
chloroform/methanol and measured gravimetrically. Lipids were extracted by homogenizing the white
muscle (10 g) or liver (10 g) with 50 ml of methanol and 120 ml of chloroform. The homogenate is
filtered through a lipid free paper into glass vessal. The crude extract and water are mixed in a
separately funnel in the proportions 8:4:3 by volume. The lower phase is collected, and solvent is
evaporated with rotary evaporator. Water and protein contents will be aso analyzed for severa chum
samples.

?? Parasite Survey

The whole body of chum salmon (n=100) will be frozen for the parasite survey in a laboratory. The
muscle, body cavity and interna organs will be examined to determine the prevalence and intensity of
the parasitic nematode Anisakis simplex larvae.

?? Molecular Neuroendocrine Basis Analyses

The brain, pituitary, gonad and blood will be collected from individual chum salmon to analyze
molecular neuroendocrine basis of initiation of homing migration. The brain and pituitary are
immersed in cold RNAlater immediately after removal, and the levels of mRNAs for hormone
precursors are determined by a real-time PCR method. The gonad is histologically examined to see
sexua maturity. The blood is centrifuged, separated into plasma and blood cells, and frozen in a deep
freezer. The plasma is later used to anayze the levels of various hormones, while blood cells to
determine haplotype for genetic stock identification.
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Figure 1. Sampling locations in the Bering Sea and the Gulf of Alaska.



Table 1. Tentative cruise plan for Kaiyo maru, June-September 2002.

Date (JST) Items Days accumulated
LEG 1
June 20 leave Tokyo
June 23 arrive Kushiro
June 25 leave Kushiro
June 29 start of survey inthe Bering Sea
July 14 end of survey
July 17 arrive Dutch Harbor
LEG 2
July 20 leave Dutch Harbor
July 23 start of survey inthe Gulf of Alaska
August 4 end of survey
August arrive Vancouver
LEG 3
August 11 leave Vancouver
August 17 start of survey in the eastern Bering Sea
August 26 end of survey in the eastern Bering Sea
August 30 arrive Kodiak Idand
LEG 4
September 2 leave Kodiak Idand
September 4 start of survey inthe Bering Sea
September 20 end of survey inthe Bering Sea
September 24 arrive Kushiro
September 27 leave Kushiro

September 30

arrive Tokyo; end of cruise

103




Table 2. Sampling date, location, and research items during Kaiyo maru cruise (legs 1-4) in 2002.
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Location Lat. Long. Date Depth(m) CTD XCTD NORPAC ORI RMT ION Trawl
Tokyo 20-Jun
Kushiro 430N 144.0E 25-Jun
LEG 1
27 515N 180 29-Jun 1500 ? ? ?
26 525N 180 29-Jun 770 ? ? ?
25 53.0N 180 29-Jun 660
24 535N 180 30-Jun 640 ? ? ? ?
23 54.0N 180 30-Jun 1250
2 54.5N 180 30-Jun 3900 ? ? ? ?
21 55.5N 180 1-dul 3800 ? ? ? ?
20 56.5N 180 1-dul 3800 ? ? ? ?
19 575N 180 2-Jul 3850 ? ? ? ?
18 585N 180 2-Jul 3500 ? ? ? ?
17 58.0N 179.2E 2-Jul 3800
16 575N 178.7E 3-dul 3820 ? ? ?
14 57.0N 178.1E 3-dul 3850
9 56.5N 1775 3-Jul 3860 ? ? ? ?
7 56.3N 176.7E 4-Jul 3860
3 56.0N 175.0E 4-Jul 3870 ? ? ? ?
4 55.0N 175.0E 4-Jul 3000 ? ? ? ?
5 54.0N 1750 5-Jul 3600 ? ? ? ?
6 53.0N 1750 5-Jul 4000 ? ? ? ?
1 54.0N 1725E 6-Jul 3600 ? ? ? ?
2 54.0N 173.7E 6-Jul 3965
8 54.0N 176.7E 6-Jul 3950
11 54.0N 1775 6-Jul 3922 ?
12 53.0N 1775 7-dul 3900
15 53.0N 178.7E 7-dul 2743
28 53.0N 178.7W 7-dul 3657
31 53.0N 177.5W 7-dul 3500 ? ? ?
30 54.0N 1775w 8-Jul 3850 ? ? ? ?
32 53.5N 176.3W 8-Jul 3730
39 53.0N 175.0W 9-Jul 3450 ? ? ? ?
33 54.0N 175.0W 9-Jul 3720 ? ? ? ?
37 55.0N 175.0W 10-Jul 3650 ? ? ? ?
36 56.0N 1750w 10-Jul 3450 ? ? ? ?
3H5 57.0N 175.0W 11-Jul 3300 ? ? ? ?
40 56.0N 173.7W 11-Jul 3200
45 55.0N 172.5W 11-Jul 3420 ? ? ?
46 54.0N 172.5W 12-Jul 3430 ? ? ?
a7 54.5N 171.3W 12-Jul 3000
52 55.0N 1700w 12-Jul 2860 ? ? ?
53 54.0N 170.0W 13-Jul 2200 ? ? ?
54 53.0N 170.0W 13-Jul 2000
55 535N 168.7W 14-2ul 770
60 54.0N 167.5W 14-Jul 1300 ? ? ?
Dutch
Habour 535N 167.0W 17-20-Jul
LEG 2
65 50.0N 1500W  23-Jul-4-Aug 4600 ? ?
Vancouver 48.5N 124.0W 7-11-Aug
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Table2. (continued)
Location Lat. Long. Date Depth(m) CTD XCTD NORPAC ORI RMT ION Trawl
LEG 3
64 57.0N 162.5W 17-Aug 60 ? ? ?
61 58.0N 165.0W 18-Aug 46 ? ? ?
62 57.0N 165.0W 18-Aug 58 ? ? ?
56 57.0N 167.5W 18-Aug 79 ? ? ?
57 58.0N 167.5W 19-Aug 65 ? ? ?
48 59.0N 170.0W 19-Aug 45 ? ? ?
49 58.0N 170.0W 19-Aug 60 ? ? ?
50 57.0N 170.0W 20-Aug 58 ? ? ?
11 58.0N 172.5W 21-Aug 160 ? ? ? ?
42 59.0N 172.5W 21-Aug 82 ? ? ?
33 59.0N 175.0W 23-Aug 102 ? ? ? ?
A 58.0N 175.0W 23-Aug 2000 ? ? ?
43 57.0N 1725w 24-Aug 100 ? ? ? ?
56.0N 172.5W 24-Aug 2834 ? ? ?
51 56.0N 170.0W 25-Aug 1726 ? ? ? ?
58 56.0N 167.5W 25-Aug 125 ? ? ?
63 56.0N 165.0W 26-Aug 86 ? ? ? ?
59 55.0N 167.5W 26-Aug 1200 ? ? ?
30-Aug-
Kodiak 57.0N 152.5W 2-Sep
LEG 4
54 53.0N 170.0W 4-Sep 150 ? ? ? ?
53 54.0N 170.0W 4-Sep 2000 ? ? ? ? ?
52 55.0N 170.0W 5-Sep 2900 ? ? ?
46 54.0N 172.5W 5-Sep 3500 ? ? ? ? ?
39 53.0N 175.0W 6-Sep 3500 ? ? ?
33 54.0N 175.0W 6-Sep 3600 ? ? ? ? ? ?
37 55.0N 175.0wW 7-Sep 3680 ? ? ?
36 56.0N 175.0W 7-Sep 3600 ? ? ? ? ?
35 57.0N 175.0W 8-Sep 3300 ? ? ? ?
29 58.0N 177.5W 8-Sep 3620 ? ? ? ? ?
18 585N 180 9-Sep 3500 ? ? ?
19 575N 180 9-Sep 3800 ? ? ? ? ?
20 56.5N 180 10-Sep 3830 ? ? ?
21 555N 180 10-Sep 3850 ? ? ? ? ? ?
22 545N 180 11-Sep 3913 ? ? ?
24 535N 180 11-Sep 700 ? ? ? ? ?
26 52.5N 180 12-Sep 100 ? ? ? ?
27 515N 180 12-Sep 340 ? ? ? ? ?
13 52.0N 1775 13-Sep 250 ? ? ?
12 53.0N 1775 13-Sep 3900 ? ? ? ? ?
1 54.0N 1775 14-Sep 3950 ? ? ?
10 55.0N 1775E 14-Sep 900 ? ? ? ? ? ?
9 56.5N 1775 15-Sep 3860 ? ? ?
3 56.0N 175.0E 15-Sep 3880 ? ? ? ? ?
4 55.0N 175.0E 16-Sep 2600 ? ? ? ?
5 54.0N 175.0 16-Sep 3900 ? ? ? ? ?
6 53.0N 175.0E 17-Sep 4000 ? ? ?
1 54.0N 1725 17-Sep 3600 ? ? ? ? ?
Kushiro 430N 144.0E 24-Sep




Table 3. Sampling plan during Kaiyo maru cruise (legs 1-4) in 2002.

Chum salmon Pink salmon
By-catch
Cruise Oceanodraoh Primary | Zooplankton | No. of Salmon _ GS . _ samples
# grapny production| sampling | Trawls | measurement | Otolith | (muscle, | Stomach | Lipid . Brain . Stomach | (pollack,
. . | Parasite | Blood | .. Otolith ;
mark liver, | contents | anaysis tissues contents | squid)
heart)
60 fish at each 250 (Fl)i:aatmk
3000 Nutrient at . ) 20 fish | frozen 60 fish | 20 fish
Legl g)r?((CTD 0-500m ('\;SIRPAC’ 24 Zrt?et:‘?gz.; ;sues at each | round None None | None | at each | at each ggjﬁ; )
' in depth station | samples station | station
-80C. in total (kept
nto formalin)
Pollack
Count # of 20 figh 20 fish ]E'r‘ept
Leg2 | CTD 1 each species, | None at each | None None None | None | None at each oziec? )
and record station station Skq“t
folk length, 1£ e
weight, sex, ) ormalin)
Nutrient gonad frozen Pollack
from weight and . : (kept
60 frozen round 20 fish head or | 20fish
CTD (bottom | surfaceto | NORPAC, scalesfor frozen)
Leg3 or 1500m) bottom or | ORI 10 max 60 fish ;a;tnli))l? at each 3;?5: None None None | None ;gjl%n?es ia?if: Squid
500 min in each o ph (kept
depth species at S[a‘t*f"‘c formalin)
each station ion
60
i otolith
GI()ug?:o?e;]?lo(ajnd 20 100 60 about samples (Pliletld(
Nutrient at | NORPAC, P 20fish | frozen | frozen | ° plus | 20fish P
CTD (1500 samples at each fishat | 100 frozen)
Leg4 m) 0-500m ORI, RMT, 28 station. Ti at each | round round each | fishin frozen | at each id
in depth ION lon. T1SSues station | samples| samples . head station Squi
are frozen at intotal | intotal station | total samples (kept
-80C. P formalin)
at each
station




