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Abstract

This report summarizes research on high-seas salmonids conducted in FY 1997 (October
1996-September 1997) by the Fisheries Research Institute (FRI), University of Washington, under
contract to the U.S. National Marine Fisheries Service (NMFS). This work is largely in response
to U.S. research commitments to the North Pacific Anadromous Fish Commission (NPAFC). The
research was conducted in two major areas: (1) stock origin studies (including scale pattern
analysis and tagging) and (2) ocean ecology, carrying capacity, climate change, and stock
assessment (including cooperative international cruises, food habits and bioenergetics, growth
studies, models of carrying capacity, and coordination with NMFS research). A study of age 0.3
chum salmon in the 1994 Bering Sea pollock B-season bycatch found that approximately 18%
were of western and central Alaska origin. Sampling and tagging were carried out aboard two
Japanese research vessels in June and July in the central North Pacific Ocean, Bering Sea, and
Gulf of Alaska. A newly designed disk tag was attached to 818 salmonids in cooperative tagging
with Japanese scientists. Oxytetracycline (in a higher dosage than used in previous years) was
injected into. 503 tagged fish for studies of periodic growth structures on otoliths. Eighteen
recoveries of tagged salmon (1 sockeye, 13 chum, and 4 pink salmon) have been reported in the
last year. Salmonids were examined for missing fins, and coded-wire tags were recovered from 7
steelhead (4 from Idaho, 3 from Washington). Research gillnet catch, age, weight, and length data,
and stomach contents data from cooperative Japan-U.S. cruises is summarized by oceanographic
region. Bioenergetic modeling of sockeye, pink, chum, and coho salmon feeding and growth in the
central North Pacific and Bering Sea in June and July indicates salmon are feeding at a rate close
to their physiological maximum. Scale growth studies indicate that age 0.2 churn salmon in the
central Aleutians had significantly lower growth in 1983-95 compared to those in 1956-70. Adult
pink salmon showed few differences between the periods. Studies of levels of a growth hormone in
salmon caught in the western, central, and eastern North Pacific found significant differences
between species. In all species except pink salmon, hormone levels were positively correlated with
body weight and liver weight. Hormone levels were higher in pink and coho salmon in the eastern
North Pacific. Significant progress was made in modeling of carrying capacity, including literature
review and acquisition of data sets of zooplankton abundance and salmon abundance, food habits,
and growth. Salmon life history and nutrient-phytoplankton-zooplankton models were developed.
An FRI scientist participated in one leg of an NMFS salmon research cruise in the Aleutian
Islands. This report also summarizes the participation of High-Seas Project personnel in NPAFC
meetings and activities, and other miscelianeous activities that were required to meet NPAFC
related obligations pertaining to salmon.

Introduction

Since 1955, the U.S. Government has contracted the Fisheries Research Institute (FRI),
University of Washington, to conduct research on issues related to Pacific salmon and steelhead
trout (Oncorhynchus spp.) in the North Pacific Ocean and to participate in the deliberations of the
International North Pacific Fisheries Commission (INPFC, 1955-1992) and the North Pacific
Anadromous Fish Commission (NPAFC, 1993-present). This report summarizes research on high-
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seas salmonids conducted in FY 1997 (October 1996-September 1997) by FRI under contract to
the Auke Bay Laboratory (ABL), U.S. National Marine Fisheries Service (5OABNF700003). The
research was conducted in two major areas: (1) stock origin studies (including scale pattern
analysis and tagging) and (2) ocean ecology, carrying capacity, climate change, and stock
assessment (including cooperative international cruises, food habits and bioenergetics, growth
studies, models of carrying capacity, and coordination with ABL research). In addition, this report
summarizes the participation of High-Seas Project personnel in NPAFC meetings and activities,
and other miscellaneous activities that were required to meet NPAFC-related obligations pertaining
to salmon.

I. International Cooperative High-Seas Salmon Research

A. Stock Origin Studies for Research, Management, and Enforcement

I. ScALE PATTERN ANALYSES

Origins of1994 chum salmon bycatch
Stock-composition estimates were produced using scale-pattern analysis for the age 0.3

chum salmon (Oncorhynchus Iceta) found in the incidental catch of the 1994 B-season walleye
pollock (Theragra chalcogramma) fishery in the eastern Bering Sea and Aleutian Islands (BSAI;
Patton 1997; Patton et al. in review). Two prior-brood-year stock baselines and one equivalent-
brood-year stock baseline were evaluated for use in conditional maximum-likelihood discrimination
models. The accuracy of each baseline model was assessed through a series of simulation runs
using hypothetical stock mixtures. The equivalent-brood-year baseline model was found to be
most accurate when allocating mixtures into several cluster-based standard groups on the basis of
principal-component comparisons. The accuracy of this model, as assessed through simulation
runs using hypothetical stock mixtures, was 83.3-92.3%. Unweighted composition estimates
indicated that roughly equivalent proportions of the fleet-wide bycatch sample originated from
regional groups representing Russia and southwestern Hokkaido (26.6%), western and central
Alaska (24.1%), and southern southeast Alaska and British Columbia (27.5%). The Japanese
standard group also accounted for a significant percentage of the bycatch (13.9%). Estimated
proportions of northern southeast Alaska and Washington groups were relatively low (3.2% and
4.8%, respectively). Weighted interception estimates, which are conditional on the accuracy of
NMFS stratified bycatch estimates, indicated that about 50% of the incidentally-caught chum
salmon originated from Asia (Russia and Japan), 18% originated from western and central Alaska,
and 32% originated from southeast Alaska, British Columbia, and Washington (Table 1). These
proportions suggest approximately 13,850 of the estimated 74,500 chum salmon taken incidentally
in the 1994 BSAI B-season pollock fishery originated from the rivers of western and central
Alaska. By comparison, the total estimated chum salmon runs for the western Alaska and central
Alaska regions were 4.4 and 3.8 million fish, respectively, during 1994. The proportion of western
Alaskan chum salmon in the incidental catch increased over the course of the B-season fishery;
however, the numbers of western Alaskan chum salmon intercepted remained relatively stable.
Contrary to what was previously known about chum salmon ocean distribution from high-seas
tagging studies, these results suggest that significant numbers of immature North American chum
salmon are present in the waters of the eastern Bering Sea during the late summer months. Fleet
wide, unweighted composition estimates produced in this study corroborate the findings of a



concurrent allele-frequency-based stock composition study, which used an independently-collected
sample of the intercepted chum salmon from the 1994 pollock B-season.

Preliminary study oforigins ofRussian sockeye catches
A Russian fishery scientist, Alexander Bugaev, from KamchatNlRO was in residence at

FRI for five weeks of training in scale pattern measurement and analysis techniques. He brought
scale samples from Kamchatka rivers and from a Japanese drifinet fishery operating in the Russian
200-mile zone. Although neither time nor the samples he brought were adequate for a full analysis,
a preliminary analysis was completed On one age class from one year in order to demonstrate the
methodology. It is anticipated that this training will be useful in future cooperative studies of
origin of stocks of sockeye (0. nerka) in commercial catches off of Kamchatka.

NPAFC sockeye salmon scale aging test
The most accurate results from stock identification of salmon using scale pattern analysis

are obtained when both baseline and mixture samples are composed of fish of the same age class
and brood year. For accurate stock identification results, therefore, consistency in scale age
determinations in both the baseline and mixture samples is critical. For baseline samples, however,
resource agency scale experts may have used additional knowledge of stock-specific life history
traits to assist in determining age from scales. At the March 1997 NPAFC research planning
meeting in Vancouver, B.C., the Working Group on Stock Identification and Growth discussed the
need to test inter-laboratory variation in scale age and growth data. As a first step, FRI sent a set
of acetate impressions of scales from adult sockeye salmon to a contact person in each laboratory:
Pacific Biological Station (D. Welch), National Research Institute of Far Seas Fisheries (Y.
Ishida), Hokkaido Salmon Hatchery (M. Kaeriyama), KamchatNlRO (V. Bugaev), SakhNIRO (F.
Rukhlov), TINRO-Centre (V. Radchenko), and Auke Bay Laboratory (J. Helle). The samples (2
scales per fish, 30 fish per card, and 8 cards) were collected from maturing sockeye salmon caught
in several different rivers that were not identified to the recipients. The preliminary results of this
test will be discussed by the Working Group at the 1997 annual meeting.

2. HIGH-SEAS TAGGING PROGRAM

Processing centerfor tag recoveries
FRI is the North American processing center for recovery of high-seas salmonid tags.

This activity requires advertising for tag returns, returning tags and recovery information to
appropriate agencies, returning information on tag recoveries and a reward to fishermen and
processors who return high seas tags, and reporting new tag recoveries in a document for NPAFC
(Myers and Walker 1996; Myers et al. 1997).

In the spring, we advertised for return of high-seas salmon tags by mailing approximately
1400 informational packets to addresses in Alaska, British Columbia, Washington, Oregon, and
California. These packets were sent to federal, state, and tribal fisheries research and management
agencies, fishernien’s organizations, salmon buyers and processors, and post offices. The
informational packet included a letter explaining the tagging program and the importance of
returning tags, a poster advertising for tag returns (Fig. 1), and a business-reply envelope that
includes a form for recording recovery information (tag number, date, location, fishing gear) and
salmon biological data (species, sex, body weight, length, and how to collect scales).

Since 1991, we have offered a cap as a reward for people who return high-seas tags. The
cap has been a popular item, and in 1997 we changed the cap style to an updated “unstructured’
cap design and a new custom embroidered logo. The new reward caps are embroidered with the
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profile of a tagged salmon and the words “International High Seas Tagging’ to emphasize the
cooperative nature of the high seas tagging program of NPAFC-rnember countries.

Tag design
A new tag design was develo~ed for international cooperative high seas salmon tagging. In

addition to the tag number and legend “High Seas Tagging”, the tag displays in English, Japanese,
and Russian the addresses for returns of tags to processing centers in North America, Japan, and
Russia. The tags were used for the first time this summer aboard Japanese research vessels in
cooperative double-tagging.

High-seas tagging
Tagging operations on viable salmonids caught by longlines were conducted by scientists

aboard the RJV Wakatake maru along a transect in the central North Pacific and Bering Sea
(47°30’N to 58°30’N at 179°30’W and at 56°30’N between 177°30’W and 177°30’E; Fig. 2;
Nagasawa et al. 1997a). Fish were double-tagged with FAJ (Fisheries Agency of Japan) and FRI
(newly-designed) Petersen disk-tags. These tagging experiments resulted in the release of 779
salmonids, including 85 sockeye, 404 churn, 260 pink (0. gorhuscha), 11 coho (0. Icisutch), 5
chinook salmon (0. tshawytscha), and 14 steelhead trout (0. my/ciss).

In 1997, a significant effort was made by T/S Oshoro maru personnel to minimize
handling and holding time of salmon prior to release at stations in the central Gulf of Alaska.
However, longline catches of salmon in the Gulf of Alaska were low in 1997, probably
because of a warm surface water temperatures (12°-13°C; Myers et al. 1997a). Eleven
salmon (17 in 1996) in the central North Pacific Ocean and 28 salmon (33 salmon in 1996) in
the Gulf of Alaska were tagged and released (Fig. 2). Dummy archival tags were attached to
two salmon released along the 145°W transect.

High-seas tag recoveries
From 1 September 1996 through 31 August 1997, eighteen Japan-U.S. tags were

returned (1 sockeye, 13 chum, and 4 pink salmon; Myers et al. 1997b). These tagged salmon
were released from 1995 to 1997 during cooperative Japan-US tagging operations aboard the
Wakatalce maru and Oshoro maru in the central Aleutian Islands, Bering Sea, and Gulf of
Alaska in June and July. The only North American recovery was a sockeye salmon released in
the central Gulf of Alaska in early July 1997 and recovered approximately one month later in
the San Juan Islands, Washington. Two immature chum salmon released in the central Bering
Sea in mid-July 1995 were recovered as adults in September and October 1996 in Hokkaido,
Japan. Eleven maturing chum salmon released in July 1996 in the central Aleutian Islands and
Bering Sea were recovered in Hokkaido (10 fish) and southeastern Kamchatka (1 fish) from
August to November 1996. All four tagged pink salmon were recaptured during high-seas
research gillnet operations on the day following their release.

Snout collection forpotential recovery ofcoded-wire tags
Snouts were collected by the Wakatake maru from fin-clipped salmonids because these

fish may contain a coded-wire tag (Table 2). Forty-five steelhead trout with clipped fins (53% of
the steelhead trout catch) were caught between 41°00’N and 48°30’N. Clipped fins included
adipose, dorsal, left ventral, and left pectoral fins. The snouts were collected for potential recovery
of coded-wire tags. Snouts were salted and sent to ABL for recovery of coded-wire tags. Six of the
steelhead contained wire tags (S. Fowler. ABL, personal communication). Two were released from
coastal Washington hatcheries (22 June recovery at 180°, 41°N of 572 mm Salmon R. [Queets
tributary] female; 29 June recovery at 179°30’W, 48°30’N of 700 mm Lake Quinault winter-run
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female). Four were released from Snake River hatcheries in Idaho (23 June recovery at 180°,
43°N of 710 mm Sawtooth Hatchery summer-mn female; 25 June recovery at 180°, 45°N of 546
mm Little Salmon R. male; 26 June recovery at 180°, 45°N of 574 mm Sawtooth Hatchery
summer-run male; 29 June recovery at 180°, 47°30’N of 702 mm Little Salmon R. female).

Aboard the Oshoro maru, snouts were collected from 24 salmonids lacking adipose fins
(22 steelhead and 2 sockeye salmon). Two of the steelhead contained wire tags, but one was not
coded (S. Fowler, ABL, personal communication). The other tagged steelhead, a juvenile (age 1.0)
fish recovered at 145°W, 52°N on 8 July, originated from a release of hatchery fish into a coastal
Washington stream (Salmon R., tributary of the Queets R.).

Maintenance and updating of tag release and recovery databases
The high-seas salmon tag release and recovery databases were updated with data provided at

the 1996 NPAFC annual meeting. Japan reported double-tagging operations conducted with the
United States. The release database was updated with 38 operations in which 741 fish were tagged
and released. Eight fish were added to the tag recovery database (2 recoveries from Japan, 6
recoveries from Alaska). The updated databases are available to all national sections. Preliminary
information from documents prepared for the 1997 NPAFC annual meeting indicates 818 fish were
tagged in 31 operations. New tag release and recovery information will be added to the databases
in the next year of the contract.

Tag databases are now archived on compact disks (ISO 9660 format, readable by
DOS/Windows, Macintosh, and Unix systems), as well as on diskettes and hard disks on desktop
computers. Copies of the compact disks, which also contain FRI high seas research and scale
pattern analysis data, are kept at FRI and a remote site; a copy is also being provided to ABL.
Updated CD copies will be created as needed. Four errors in the tag recovery database were
corrected when the database was transferred from magnetic tape to compact disk.

B. Ocean Ecolo~v, Carrying Capacity, Climate Change, and Stock Assessment

1. SALMON RESEARCH VESSEL CRUISES

Wakatak-e maru
One FRI scientist (N. Davis) participated in the cooperative Japan-U.S. salmon research

cruise on board the PJV Wakatalce maru from June 11 to July 25, 1997 (Nagasawa et al. 1997a).
In 1997, the (old) Wakatalce maru (424 gross tons) that was used in the earlier years of this cruise
series (199 1-1996) was replaced by a new ship. The (new) Wakatake maru is configured for
gilinet and longline fishing and is a substantially larger ship (666 gross tons). The research cruise
was conducted in the central North Pacific Ocean (NPO) and Bering Sea. The cruise track
included fishing stations along a north-south transect at 180°00’ longitude (from 39°00’N to
47°30’N) and 179°30’W from (48°30’N to 58°30’N), and an east-west transect at 56°3OtN in the
central Bering Sea (Fig. 2). Research cruise activities included collection of data on oceanography,
primary production, zooplankton, micro-nekton, salmonids, non-salmonids, salmonid predators,
and salmonid parasites and diseases. The research cruise provided an opportunity for a variety of
studies including the following: salmonid food habits, including estimates of digestion rates and
daily ration; trophodynamics; salmon age and growth validation; stock identification; salmonid
tagging and tag recovery; characterization of external body condition (injuries, scars, slash marks,
and external parasites); and collection of Pacific pomfret (Brama japonica), Pacific saury
(Cololabis saira), and neon flying squid (Ommastrephes bartrami) for studies of their ecology.
Results of oceanographic data indicated the average sea surface temperature was 0.90°C cooler in
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the central North Pacific, and 0.61°C warmer in the Bering Sea in 1997 than in 1996. Longlines
Were used at 28 locations, and gilinets were fished at 21 locations outside the U.S. 200-mile EEZ.
A total of 15,914 salmonids was caught by longline and gilinet. In the central NPO (39°00’N-
51°30N), a total of 1,142 salmonids was caught. Coho salmon were the most abundant salmon in
the NPO catch (40% of salmonids), followed by chum (25%), pink (18%), steelhead (8%), sockeye
(6%), and chinook salmon (3%). In the central Bering Sea (52°30’N-58°30’N), a total of 14,772
salmonids was caught. Pink salmon were the most abundant salmon in the Bering Sea catch (72%
of salmonids), followed by chum (19%), sockeye (9%), chinook and coho salmon (both <1%).
One Dolly Varden (Salvelinus malma,) was caught.

Oshoro maru
Two FRI scientists (K. Myers and K. Aydin) participated in the cooperative Japan-US

salmon research cruise on board the T/S Oshoro marit from 30 June to 15 July 1997 (Myers et al.
1 997a). Salmon surveys conducted aboard the Oshoro maru along 180° longitude in the central
NPO in June since 1978 have provided a valuable time series of fisheries and oceanographic data.
This was the fourth consecutive year of cooperative Japan-U.S. sampling for salmon along a
145°W-longitude transect in the central Gulf of Alaska in early July. The primary objective of the
1997 cooperative research was to continue the collection of oceanographic and biological data
along the 180° and 145°W transects (Fig. 2). In 1997, mid-June mean sea surface temperatures
(SSTs; 9.2°C) at gilinet fishing stations were 2.1°C cooler along the 180° transect and early July
mean SSTs (12.4°C) were 2.5°C warmer along the 145°W transect than in 1996. This reverses a
warming trend in mean SSTs at 180° stations and a cooling trend at 145°W stations that was
observed over the previous three years. Average (1994-97) surface temperatures increase and
surface salinities decrease from south to north along the 145°W transect, and there are significant
annual deviations from these average trends (Fig. 3, Table 3). Catches by gillnet totaled 2,036
salmonids, including 225 salmonids (361 in 1996) in the central NPO (180° transect) and 1,811
salmonids (1,982 in 1996) in the Gulf of Alaska. Biological samples and data were collected for
various other cooperative studies of salmon distribution, abundance, stock origins, maturity and
growth, food habits, bioenergetics, and other aspects of ocean biology and ecology; results will be
reported later.

Salmonid abundance, maturity, age, and size in the central North Pacific Ocean, Bering Sea,
and GutfofAlaska

The Wakakate maru crosses several oceanic regions in the central NPO while conducting
research gillnet operations along the 180° transect in late June. The most southerly region is the
Transition Zone (39°-40° N in 1997) where surface water salinities are greater than 34.00 psu
(practical salinity units, roughly equivalent to parts per thousand). The Transition Domain (41°-
45°N in 1997) is characterized by salinities greater than 33.2 psu at the surface and greater than
33.4 psu at approximately 200 m. The Subarctic Current (46°-47°N in 1997) is identified by
water temperatures of 3.5°C and salinities of 33.4 psu at approximately 125 m.

In the Transition Zone, salmonids were not abundant but chum and coho salmon have been
caught south of the Subarctic Boundary (a vertical 34.00 psu isohaline which separates the
Transition Zone and Transition Domain) in 1991, 1993, and 1997 (Table 4; Nagasawa et al.
1 997b). Chum and coho salmon and steelhead trout were the most abundant salmonids in the
Transition Domain. Catch per unit of effort (CPUE; number of salmon caught per 30-tans [1500
m] of research mesh [C-gear]) data indicate chum salmon were relatively abundant in the
Transition Domain in the first three years (1991-1993), not abundant in the next three years (1994-
1996), and are again at a high level in 1997. Coho salmon and steelhead have been relatively
abundant every third year (1991, 1994, 1997) separated by two years of relatively lower
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abundance. The abundance of coho salmon in 1997, after the lowest year in 1996, rebounded to an
abundance level higher than in any year since 1991.

In the Subarctic Current, salmonids are more plentiful than in the Transition Domain.
Although five species of salmon and steelhead trout were caught in the Subarctic Current region,
chum and coho salmon were the most abundant species (Table 4). Chum salmon were less
abundant in this area in 1997 than in 1996. Coho salmon were more abundant south of the
Subarctic Current in 1997 than in 1996. Pink salmon have been relatively abundant every third
year (1991, 1994, 1997).

In the Bering Sea in early and mid-July 1997, the abundance of salmon was higher than in
all the years sampled (Table 4). Most of this is from the high abundance of pink and chum salmon
in that area in 1997. In 1997, sockeye salmon were at their second-most abundant level since
1991. Chum salmon seem to be continuing a pattern of lower abundance in the Bering Sea in odd-
years when pink salmon are abundant, and in 1997 chinook salmon were less abundant than they
had been since 1993.

Because salmon age composition data for salmon caught by the Wakatalce maru in 1997
are not yet analyzed, only data from 1991-1996 are used in the following analysis (Tables 5-10).
Statistical analysis of biological data will be reported later. In the Bering Sea, sockeye salmon
were generally ocean age .1 and .2 (Table 5). In 1995, the proportion of ocean age . is was the
smallest of the six years (11%), which may indicate poor early ocean survival of sockeye that
migrated to the ocean in 1994. In 1996, the proportion of ocean age is had increased to 59%, as
high as any year since 1991. Ocean age .2 chum salmon caught in the Transition Domain are the
predominant age group in the catch in 1991-1996 (Table 6). The predominant age class in more
northerly catches is ocean age .1, .2, or .3, depending on the year. In the Bering Sea, the
predominant age groups were generally ocean age .2 and .3, but in 1992 and 1996, ages .1 and .2
were the prevailing ages. The size (length and weight) of ocean age .1 and .2s in the Bering Sea
were slightly larger in odd years than in even years, but this tendency disappears in older fish. All
the pink and coho salmon caught on the Wakatake maru cruises are ocean age .1 maturing fish
(Tables 7 and 8). There is a strong odd-year dominant cycle of pink salmon in the central Bering
Sea, a pattern of abundance not evident in the central NPO. Coho salmon were relatively more
abundant in the central NPO than in the central Bering Sea. Ocean age .1 was the predominant age
of chinook salmon caught in the Bering Sea in 1991 and 1994, otherwise fish were predominantly
ocean age .2 (Table 9). The weight of ocean age .1, .2, and .3 chinook salmon in 1996 was the
heaviest of all years sampled 199 1-96. Ocean age .ls and .2s are the most common age of
steelhead caught in the central NPO by the Wakatalce maru (Table 10). Composite size data
(mean length and weight of all ages combined) for 1997 are shown in Table 11.

The Oshoro maru salmon research cruise in the central North Pacific (180°, 39°-45°N) is
in mid June, approximately one week earlier than the Wakatake maru cruise (Myers et al. 1997a).
In contrast to the Wakatake maru data, no salmonids have been caught south of the Subarctic
Boundary during the 1994-97 Oshoro maru mid-June surveys (Transition Zone, Table 12). In
1997, the approximate southern limit of salmon distribution in the central North Pacific in mid-
June was at 40°N (Table 12). This was a one-degree southward shift from the southern limit in
1996. One sockeye salmon was caught at 180°, 45°N in the Transition Domain; no sockeye
salmon were caught in the Transition Domain in previous (1994-1996) surveys. The abundance
of coho salmon was substantially lower and abundance of pink salmon was substantially higher in
both the Transition Domain and Subarctic Current than in 1996.

Along the 145°W transect in early July, salnionids were caught by research gilinet in two
oceanic areas: (1) the Subarctic Current (50°-S i°N), which is marked in this region by the
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precipitous descent of the 4°C isotherm from approximately 100 m to 300 rn below the surface,
and (2) the Dilute Domain (52°N-56°N), which is characterized by relatively warm (> 10°C) and
dilute (32.8 psu isohaline below 80 m) surface waters. A prominent oceanographic feature of the
central Gulf of Alaska, the Ridge Domain, which is characterized by cold (4°C isotherm within
100 m of the surface), nutrient-rich, and oxygen-poor water, has usually been located to the west of
the 145° W survey line from 1994 to 1997. In 1997, salmon were caught in the Ridge Domain at
two gilinet stations located to the west of the 145° W transect. Sampling has not been conducted
far enough to the south to determine the position of the Subarctic Boundary or the southem limit of
salmonid distribution along 145°W. From 1994 to 1996, the relative abundance of sockeye salmon
in catches in the Dilute Domain area of the 145°W transect decreased; this trend was reversed in
1997 (Table 12). The sockeye salmon in the catch were predominantly maturing, ocean age .2 fish
(Table 13). The abundance of chum salmon (predominantly immature, ocean ages .1 and .2) in
this area has been decreasing since 1995 (Tables 12 and 14). The abundance of both pink and
coho salmon in the Dilute Domain in 1997 was approximately 50% of their peak abundance over
the previous three years. Although there are only four consecutive years of sampling, abundance
data indicate that maturing pink and coho salmon in this region may have opposite-year dominance
cycles, with pink salmon predominating in odd years (Table 12). The abundance of chinook
salmon (predominantly immature fish) in all areas along the 145°W transect is low (Tables 12 and
15). Steelhead caught at central Gulf of Alaska stations are predominantly juvenile, ocean age .0
fish (Table 16). Fork lengths, body weights, and condition factors of salmonids in the 1994-97
Oshoro maru research gilinet (C-gear) catches are summarized by species, age group and oceanic
area (Tables 17-22). Preliminary statistical analyses of these biological data indicate that
variation between stations within one year is as high as variation between years or between oceanic
areas.

2. FooD HABITS AND BIOENERGETICS

Bioenergetic modeling
A study, initiated in FY96 and completed in FY97, investigated the relationship between

salmon prey consumption and growth (Davis et al. in press). Bioenergetic models were used to
estimate growth and daily ration for common age and maturity groups of sockeye, chum, pink, and
coho salmon caught in the central NPO and Bering Sea in summer. Assuming a constant daily
ration for 60 days in June and July and temperatures of 5-9°C, an immature ocean age .1 sockeye
salmon (36 1-568 g) required a daily ration of 3.6-4.1% wet body weight (bw)/day, an immature
ocean age .2 chum salmon (1042-1547 g) required 3.3-3.9% bw/day, and a maturing ocean age .1
pink salmon (912-1313 g) required 2.7-3.1% bw/day. A maturing ocean age .1 coho salmon
(1909-2975 g) required 2.6-2.9% bw/day at 9-11°C. Model simulations indicate that salmon are
feeding at a rate close to their physiological maximum. Therefore, any decrease in daily ration
could cause significant decreases in growth over a time period as short as two months. When prey
is abundant, conditions favorable to salmon growth may be bounded at high temperatures by
metabolic rates and at low temperatures by consumption rates.

A standard computer format for stomach content data was created to allow analysis of
databases from different sources to determine trends through time and among several oceanic
areas. Reformatting of the data from recent Oshoro maru cruises in the Gulf of Alaska has been
completed, and reformatting of data from recent Wakatake maru cruises in the central NPO and
Bering Sea has been partially completed.
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Food habits
The results of shipboard examination of salmonid stomach contents on the Wakatake inaru

in 1997 indicated that stomachs of sockeye and pink salmon contained squid, appendicularians,
chaetognaths, fish, and crustaceous zooplankton (copepods, euphausiids, hyperiid amphipods, and
ostracods). Fish in the stomachs of sockeye and pink salmon included Heinilepidotus sp.,
myctophids, larval fish, and Atka mackerel (Pleurogrammus inonopterygius). Sockeye salmon
stomach contents also included polychaetes, and pink salmon stomach contents included crab zoea.

Chum salmon had many of the same prey in their stomachs as sockeye and pink salmon
including squid, appendicularians, chaetognaths, polychaetes, fish, and crustaceous zooplankton
(copepods, euphausiids, and ostracods). Chum salmon were also feeding on heteropods, pteropods,
and gelatinous forms, such as siphonophores, salps, and ctenophores. Identifiable fish prey
contained in chum salmon stomachs were larval fish and f-femilepidotus sp.

Coho salmon stomachs contained squid, copepods, hyperiid amphipods, pteropods, and
fish. The fish identified from coho salmon stomachs included Pacific saury, Atka mackerel, three-
spine sticklebacks (Gasterosteus aculeatus), and 1-femilepidotus sp. In addition, in the central
North Pacific, fresh Japanese anchovies (Engraulisjaponicus) were found in coho stomach
contents. This is a first record of Japanese anchovy observed as far east as 1800 longitude
(Nagasawa and Davis 1997a).

Chinook salmon stomachs contained squid, euphausiids, and fish. Fish prey included
Hernilepidotus sp., Atka mackerel, and myctophids. In addition, in the central North Pacific, a
chinook was found to contain two small daggertooth ~Anotopteruspharao FL= 140 mm and 165
mm) in its stomach. Daggertooths are regarded as predators of salmon, and not generally as prey.
Perhaps this observation points to the iniportance of relative predator and prey body size over prey
identity in investigations of oceanic food habits.

Steelhead trout were found to consume crustacean zooplankton (copepods, euphausiids,
and amphipods), pteropods, and fish. The fish prey included Atka mackerel and three-spine
sticklebacks. On several occasions, steelhead were found to contain floating debris including
plastic sheet material, plastic foam, and wood in their stomach contents.

Four years of sampling along a 145°W transect by the Oshoro maru in the central Gulf of
Alaska have shown some striking differences in the food habits of salmonids in Ridge/Dilute
Domain versus Subarctic Current areas (Table 23 and 24). In the Subarctic Current, squid,
primarily Berryteuthis anonychus, has been the dominant prey of all species except chum salmon,
which had a much more diverse diet (primarily euphausiids, amphipods, pteropods, and gelatinous
zooplankton). This corroborates the results of earlier studies, and highlights the importance of B.
anonychus in the diets of salmon in the Subarctic Current area of the Gulf of Alaska. In the Dilute
Domain, prey composition of stomach contents of sockeye, chum, and pink salmon was more
diverse and the mean stomach content index (prey weight* 1 00/body weight) was often lower than
in the Subarctic Current. Coho, chinook, and steelhead tend to specialize in feeding on squid and
fish, regardless of oceanic area.

This was the second year of shipboard analyses of stomach contents of salmon caught in
the Aleutian Islands in August 1997 during the cruise of the F/V Great Pac~flc. Preliminary
analyses were completed for samples collected from immature sockeye and chum salmon at fishing
stations from Unalaska Island to Attu Island (Table 25). For both sockeye and chum salmon,
percentage of empty stomachs was higher in the nearshore (shelf) habitat and lower in slope and
oceanic habitats in 1997 than in 1996 (Carlson et al. 1996). For stomachs containing prey, mean
stomach fullness and mean percent volume of euphausiids in 1997 was substantially lower than in
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1996. Analyses of food habits data collected from other species, and from 380 salmonids caught in
areas both south and north of Unimak Pass will be reported later.

Salmonid stomach evacuation rate experiment
During the cruise of the Wakatake maru a new shipboard experiment was conducted to

estimate stomach evacuation rates and daily ration. In the Bering Sea (at 57°30’N, 178°30’W),
eight short-duration gilinet sets were conducted in one 24-hour period. These gilinet operations
were made on July 11 and July 12 at different locations 3.8 to 5.0 nautical miles apart. The
purpose of these multiple gilinet operations was to collect samples from which did variation in
feeding activity of salmonids might be observed. A short gillnet composed of 19 tans of
commercial-type gillnet (A-gear) was set at 06:00, 09:00, 12:00, 15:00, 18:00, 2 1:00, 24:00, and
03:00 (local time), and retrieved after a 2-hour soak-time. Salmonid stomachs were removed and
frozen for later examination of stomach content weight and prey composition. A total of 651
salmon stomachs was collected including sockeye (n=215), chum (94), pink (n=333), coho (n1),
and chinook (n=8) stomachs. Sockeye, chum, and pink salmon were caught in each of the eight
gilinet operations. The stomach samples have not yet been analyzed, but the objective is to use the
computer program MAXIMS to analyze the changes in stomach content weight to estimate
stomach evaluation rates and daily ration for sockeye, chum, and pink salmon.

3. GRoWTH STUDIES

Oxytetracycline marking experiments
Oxytetracycline (OTC) was evaluated as an otolith-marking agent in recent high-seas

salmon studies (Davis 1997). Oxytetracycline was selected as a possible otolith-marking agent
because it is absorbed at calcification sites in a fish’s body and will fluoresce under ultraviolet
light. Successful otolith marking with OTC, in combination with a record of injection date and
fmal date of otolith recovery, would provide valuable information with which to interpret the
timing of periodic growth structures on the otolith. Two experiments had been conducted to
produce an OTC mark on the otolith during high-seas salmon research cruises. In 1995 and 1996,
chum salmon were tagged and experimentally injected with OTC, then placed in a tank or released
to the sea. The dosage of OTC was approximately 25 mg OTC/kg fish weight, injected into the
salmon’s dorsal musculature. In spring 1997, the otoliths were examined whole or in half-section
at 40-bOX magnification with a fluorescence microscope equipped with an ultraviolet emission
filter (360-390 nm wavelength).

It was impossible to identify with confidence an OTC mark on otoliths from chum salmon
in the tank experiment, or from otoliths recovered from fish released in tagging experiments.
Perhaps the dosage was too low to make a reliable mark. Therefore, the tagging experiment was
repeated during the 1997 summer research cruise of the Wakatake maru, but the OTC dosage was
increased to 50 mg OTC/kg fish, and the OTC was injected into the peritoneal cavity. This
experiment resulted in the release of 503 double-tagged and OTC-injected fish including 48
sockeye, 403 chum, 25 pink, 10 coho, 3 chinook salmon, and 14 steelhead trout. We are currently
encouraging recovery of head samples from tagged fish recovered in inshore areas.

Annulus formation
An analysis was initiated on timing of ocean annulus formation on chinook salmon scales.

No papers have previously reported when annulus formation occurs on chinook scales. There is
also no stock-specific information on time of ocean annulus formation for any salmon species.
Historical scale samples collected from chinook salmon throughout the year by U.S. NMFS
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observers on foreign trawlers in the Bering Sea and Gulf of Alaska are being used to examine the
relationship of annulus formation to temperature, season, and oceanic region. Scale data (number
of post-annulus circuli by month) collected from chinook salmon caught throughout the year in
Washington waters were provided by Washington Department of Fish and Wildlife (WDFW). The
WDFW data were collected from coded-wire tagged fish, and can be used to examine the
hypotheses that there are differences in time of annulus formation between different stocks and
between different life-history types within a single stock. The results of these studies will be
reported later.

Scale growth studies
Studies were initiated to investigate whether long-term collections of scale samples could

provide further information on recent observations related to ocean growth and abundance of
Pacific salmon. Growth patterns on scales of pink and chum salmon were examined to determine if
there were differences in growth between the periods before and after the change in oceanographic
conditions which occurred around 1976-1977 and if changes in relative abundances of the two
species were correlated with any changes in growth (‘Walker et al. in press). The scales were
collected by the Fisheries Research Institute of the University of Washington (1956-91), the U.S.
Bureau of Commercial Fisheries (1967-71), and the Fisheries Agency of Japan (198 1-95). Scales
collected in late June from adult age 0.1 pink salmon and primarily immature age 0.2 chum salmon
were measured. The scales were from fish caught in the North Pacific Ocean south of Adak Island
in the central Aleutians. Measurements were made of each circulus in the last year of ocean
residence and to the edge of each preceding annular mark. Churn salmon caught in this area in
1983-95 had significant decreases in fork length and in growth at the edge of the scale compared to
those caught in earlier years (195 6-70). Pink salmon showed fewer differences in growth between
periods, although odd-year pinks were smaller in 1983-95 than in 1959-67. Scale-edge growth of
chum salmon was negatively correlated with Asian pink and chum salmon abundance. Adult pink
salmon abundance may exert an influence on the third-year growth of chum salmon in this area.

Studies have begun of growth on scales collected from salmon caught during high-seas
research cruises in the central Aleutian Is lands and Gulf of Alaska. The studies were begun with
measurements of scales of chum, pink, and sockeye salmon caught by Japanese research vessels
starting in 1991 and examined for stomach contents. Scale measurements (particularly growth at
the edge of the scale) will be compared to stomach contents and other measures of condition and
growth. Measurements are being taken to the end of each annular mark and the edge of the scale,
and to every circulus on the scale. Measurements will also be made of scales collected in earlier
years from Japanese and U.S. research cruises.

Growth hormone studies
The first study of blood plasma levels of insulin-like growth factor-I (IFG-I) in Pacific

salmon in offshore waters of the North Pacific Ocean was completed (Myers et al. in press). IGF-I
is an important regulator of growth and development in teleosts. Previous research has shown that
seasonal increases in IGF-I in salmon precede rapid growth, and may be associated with
environmental cues (water temperature, photoperiod). We collected blood samples from salmon
caught by research trawl in three regions of the North Pacific Ocean (western, central, eastern)
during an offshore survey in January 1996. Plasma IGF-I levels were determined by
radioimmunoassay. All of the samples were analyzed by the same assay so that inter-and intra
specific comparisons could be made. Mean IGF-I levels were significantly different among the five
species sampled: pink (mean 28 ng/ml, n = 14), chum (mean = 33 ng/ml, n=28), chinook (mean
= 48 ng/ml, n = 15), sockeye (mean = 84 ng/ml, n = 13), and coho (mean 120 ng/ml, n =26)
salmon. High levels of IGF-I in coho salmon correlates with high growth rates in this species
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found in other studies. There were significant positive correlations between body weight, liver
weight, and IGF-I levels in all species except pink salmon. Samples were not collected at enough
stations to adequately evaluate correlations between IGF-I and environmental factors. There were
significant intra-specific differences in mean IGF-I levels by ocean age and region. Size of age . I
pink salmon was not significantly different by ocean region, but mean IGF-1 levels in pink salmon
were significantly higher in the eastern North Pacific than in the western region, which may
indicate earlier resumption of rapid spring growth in the Gulf of Alaska. Similarly, body size and
IGF-I levels in age .1 coho salmon were significantly higher in the eastern North Pacific, than in
the central region. IGF-I may be a useful measure of ocean growth rates of salmon in the North
Pacific Ocean, but additional data on the significance of high or low levels of IGF-I are needed.
Analyses of blood serum samples collected during cruises of the Wakatake mont in 1996, the
Oshoro morn in 1996 and 1997, and the Great Fac~fIc in 1997 will be reported later.

4. CARRYING CAPACITY

Several aspects of carrying capacity research were begun or brought close to completion in
the Base Period. A literature review on the trophic aspects of carrying capacity is being drafted for
completion in October 1998. This review is based on both literature and work performed in spring
1997 adapting basin models of habitat distribution (in terms of individuals) to biomass terms
appropriate for migratory salmon. There will also be a review of information on environmental
noise and forcing in the North Pacific, and resulting models which link this noise to salmon
production. In addition to providing a general discussion on mechanisms of carrying capacity, this
review will discuss the role of trophic adaptation in determining biomass production in salmon.
Once completed, this review will be submitted for publication.

Components of several data sets related to changes in salmon growth have been obtained;
others will become available in the next year from publications of other institutions. Data from
specific Bristol Bay sockeye runs were also obtained, and are being compared to local densities of
high seas catches. In addition, size data from many stocks were obtained and used to estimate
high-seas salmon food consumption based on bioenergetic models. Final work utilizing these size
data will be performed and published after finishing analysis of food habits data.

Data from food habits studies conducted by Dr. William Pearcy (Oregon State University)
during 1980-85 were entered from original records. The collection and data-recording methods
between this data set and the FRI food habits data set from the 1 990s was calibrated, resulting in
an extensive database of high seas salmonid food habits.

In a study of local densities of salmon stocks, preliminary analysis of the high-seas tag-
release database indicated that, while patchiness in tagging effort over time may affect the ability to
use this database for modeling, spatial autocorrelation analysis (currently underway) may reveal
details of stock-specific patchiness of salmon distribution in thç Gulf of Alaska. The tag-release
database itself was updated into Standard Query Language (SQL) in an effort to increase
accessibility to fhture users.

Zooplankton data from the Gulf of Alaska have been collected and entered for fishing
operations in which salmon food habits studies were conducted. This represents the only post
1976/77 regime shift source of data that can be used to directly link salmon feeding to prey
availability on the high seas. In addition, a document is being prepared on cycles of abundance of
secondary consumers, such as squid, in salmon stomachs. Because squid are difficult to sample
directly, the varying stomach contents of salmon species with differing affinities for squid shall be
used as a proxy for cycling feeding conditions.



13

In addition, data were obtained on oceanographic conditions, zooplankton abundance, and
biological condition (length, weight, maturity status) of high-seas salmon, and these data were
linked with specific food habits data. A substantial analysis of this database, comprising eight
years of data, is forthcoming. During the Option Years, this database will be combined with food
habits data collected by LeBrasseur during the 1960s and 1970s, and data from the Great Pacific
cruises of ABL in 1996 and 1997 (Carison et al. 1996, 1997).

The following computer models were developed or utilized during the Base Period. Most
work during this period concentrated on the development of trophic models to investigate both top-
down and bottom-up forcing of salmon productivity.

Salmon life history modeling. A general framework for a life-history model was developed
which will combine aspects of several existing life-history models. This model is currently
awaiting further data preparation. A related, but not identical model begun in the Base Year is a
study of evolutionary niche space and inter- and intra-species competition of salmon as evidenced
by feeding patterns.

Nutrient-phvtoplankton-zooplankton modeling. During the base period, a trophic model,
utilizing the software packages ECOPATH and extended by ECOSIM, was developed and
calibrated using a combination of food habits and growth studies, fisheries data, and bioenergetics
models. This model was tested and used to model the interplay between biological and physical
elements of the North Pacific. Specifically, the question was asked: given set levels and
frequencies of environmental forcing with shifts on the scale of known regime shifts, what patterns
might be seen in biological feedback from both upper and lower trophic levels?

Preliminary work, presented in seminars and workshops offered in 1997, revealed the
possibility of a link between hatchery production and regime shifts, which when acting in
conjunction with 20-year cycling production regimes, may lead to increases in salmon predator
populations, which may lead to more severe crashes in salmon populations during the low portions
of the cycle.

The work is continuing along two lines. First, theoretical examinations are being
performed on specific complex mathematical properties of the subarctic North Pacific food web,
with analysis focusing on possible Sudden shifts occurring between steady states and the role of
spatial heterogeneity. Second, examination is being made of records for evidence of historical
shifts in populations of oceanic salmon predators. Both of these studies should result in
publications submitted in the first Option Year.

Final model. Work on the final model is part of a Ph.D. dissertation by K. Aydin to be
completed at the end of the Second Option Year. As part of this work, a book chapter was
completed on ecosystem management (Francis et al. in press). This involved original research on
the subject of succession and stability in marine ecosystems.

.5. RESEARCH COORDINATION wrm ABL

All research by FRI in FY 97 was fully coordinated with ABL. This coordination included
assistance in the writing and review of research plans and results, provision of a participant (K.
Myers) for research cruises aboard ABL-chartered vessels (Fig. 2; Carlson et al. 1997), provision
of samples, databases, and other ocean salmon research information to ABL, and participation in
an annual review by ABL (29-3 0 September 1997) of the results of FRI’s high-seas salmon
research.
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II. NPAFC Participation

K. Myers participated as scientific advisor and prepared the Rapporteur’s Report for the
Committee on Scientific Research and Statistics (CSRS) at the fourth annual meeting of NPAFC
in Tokyo, Japan, October 2 1-25, 1996. Nine documents were submitted or co-authored for this
meeting (Carison et al. 1996; Davis et al. 1996; Hiramatsu et al. 1996; Ishida et al. 1996; Myers et
al. 1996a,b; Myers and Walker 1996; Sato et al. 1996; Ueno et al. 1996).

K. Myers, R. Walker, and N. Davis participated in the NPAFC Symposium “Assessment
and Status of Pacific Rim Salmonid Stocks” held in Sapporo, Japan, 2~-29 October, 1996, where
the following research papers were presented:

- Growth studies from 1956-94 collections of pink and chum salmon scales in the central North
Pacific Ocean. R.V. Walker, K.W. Myers, and S. Ito. (oral presentation)

- High-seas salmon food habits and simulated ocean growth and prey consumption. N.D.
Davis, K.W. Myers, and Y. Ishida. (poster)

- Blood plasma levels of insulin-like growth factor-I in Pacific salmon in offshore waters in
winter. K.W. Myers, N.D. Davis, W.W. Dickhoff~, and S. Urawa. (poster)

All three papers will be published in proceedings of the symposium.
K. Myers, R. Walker, and N. Davis participated in NPAFC Research Planning and

Coordination Meeting, March 4-5, 1996, Vancouver, Canada.
Five documents will be submitted or co-authored for the fifth annual meeting of NPAFC in

October 1997 (Carlson et al. 1997; Mackas et al. 1997; Myers et al. 1997a,b; Nagasawa et al.
1997a).

In coordination with the Secretariat, K. Myers and Cathy Schwartz, a graphic designer, at
FRI prepared two biannual summaries of international NPAFC-related salmonid research and
activities for NPAFC newsletters published in spring and autumn, 1997.

N. Davis was appointed to the Methodology Standardization Working Group (MSWG) at
the 1996 NPAFC annual meeting. The MSWG was formed to focus on ocean salmon research
survey methods and to consider data quality and comparability over time for a given program and
among different salmon research programs. Progress for the MSWG in 1997 has centered on
summarizing the methodologies used by each nation’s salmon research program. Questionnaires
were sent to scientists conducting research cruises in order to compile a summary of each nation’s
routine survey methods as a document for CSRS at the 1997 NPAFC annual meeting. The U. S.
section of this report summarizes the methodologies used on ABL research cruises, including the
cruise series of the F/V Great Fac~JIc in the Gulf of Alaska and the Aleutian Is lands (part of the
Ocean Carrying Capacity Program), and the inshore monitoring cruise series of the RJV John N
Cobb in southeastern Alaska (part of the U.S. GLOBEC program in the northeastern Pacific
Ocean).

III. Miscellaneous Activities

A. Bristol Bay Sockeye
Project personnel responded to questions from NOAAINMFS, Alaska Department of Fish and
Game, and commercial fishing interests concerning possible causes for a 1997 Bristol Bay
sockeye catch substantially below forecast levels. Information was provided on catch quotas
for the Japanese driftnet fishery in the Russian 200-mile zone. Project personnel also attended
a discussion group of FRI, other University, and International Pacific Halibut Commission
scientists on possible causes for the erroneous forecasts and lower catch.
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B. Salmon Publications Bibliography
Project personnel compiled an extensive abstracted bibliography of U.S.-originated scientific
literature related to high seas salmon for the use of the Scientific Committee of NPAFC.
Sources included journal and book articles, workshop proceedings, and publications by Alaska
Department of Fish and Game.

IV. Reports, Documents, and Publications

Berejikian, B.A., and K.W. Myers. 1996. The 1994 Joint U.S.-Russian Kamchatka steelhead
expedition. Fish Res. Inst., Univ. Wash., Seattle (FRI-UW-9609). 14 p. + appendices.

Bernard, R.L., and K.W. Myers. 1996. Theperformance of quantitative scale pattern analysis in
the identification of hatchery and wild steelhead (Oncorhynchus mykiss). Can. I. Fish.
Aquat. Sci. 53:1727-1735.

Carison, H.R., K. Myers, E. Farley, H. Jaenicke, R. Haight, and C. Guthrie. 1996. Cruise report
of the FV Great Pac~flc survey of young salmon in the North Pacific — Dixon Entrance to
Western Aleutians — July-August 1996. NPAFC Doc. 222. Auke Bay Lab., Nat. Mar.
Fish. Serv., Juneau. 50 p.

Carison, H.R., E. Farley, H. Jaenicke, K. Myers, and D. Welch. 1997. Survey of salmon in the
North Pacific and southern Bering Sea — Cape St. Elias to Attu Island July-August 1997.
NPAFC Doc. 254. Auke Bay Lab., Nat. Mar. Fish. Serv., Juneau.

Davis, N.D. 1997. Evaluation of oxytetracyline as an otolith marking agent in recent high-seas
salmon studies. Unpublished memo to Dr. Richard Carlson, Auke Bay Laboratory,
National Marine Fisheries Service. April 18, 1997.

Davis, N.D., M. Takahashi, Y. Ishida. 1996. The 1996 Japan-US cooperative high seas salmon
research cruise of the Wakatake maru and a summary of 1991-1996 results. NPAFC Doc.
194. Fish. Res. Inst., Univ. Washington, Seattle; Nat. Res. Inst. Far Seas Fish.,
Shimizu. 45 p.

Davis, N.D., K.W. Myers, andY. Ishida. (in press.) Caloric value of high-seas salmon prey
organisms and simulated ocean growth and prey consumption. In Welch, D.W., D.M.
Eggers, VI. Karpenko, K. Wakabayashi, and H. Endo (eds.) Assessment and status of
Pacific Rim salmonid stocks. N. Pac. Anadr. Fish Comm. Bull. 1.

Francis, R.C., K. Aydin, R. Merrick, and S. Bolles. (in press) Modeling and management of the
Bering Sea EcQsystem. Accepted by N. Pac. Mar. Sci. Org. (PICES) for untitled Bering Sea
book.

Hiramatsu, K., Y. Ishida, and N.D. Davis. 1996. Estimation of pink and chum salmon digestion
coefficients based on data collected from ship-board experiments. NPAFC Doc. 215. Nat.
Res. Inst. Far Seas Fish., Shimizu; Fish. Res. Inst., Univ. Washington, Seattle. 16 p.
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Ishida, Y., S. Ito, G. Anma, T. Meguro, S. Takagi, Y. Kamei, N.D. Davis, and K.W. Myers.
1996. Salmon stock assessment aboard the Japanese research vessels in the North Pacific
Ocean, 1996. NPAFC Doc. 210. Nat. Res. Inst. Far Seas Fish., Shimizu. 28 p.

Mackas, D., Y. Ueno, V. Karpenko, and N.D. Davis. 1997. Ocean salmon survey methods, 1995-
1997. NPAFC Doc. 256. NPAFC Methodology Standardization Working Group.

Myers, K.W. 1996. Survey on overwintering salmonids in the North Pacific Ocean: Kaiyo maru,
5 -29 January 1996. Fish Res. Inst., Univ. Wash., Seattle (FRI-UW-9607). 31 P. +

appendices.

Myers, K.W. 1997a. Offshore distribution and migration patterns and ocean survival of salmon.
P. 225-231 in R.L. Emmett and M.H. Schiewe (eds.) Estuarine and ocean survival of
Northeastern Pacific salmon, proceedings of the workshop, March 20-22, 1996, Newport,
Oregon. U.S. Dept. Comm., Nat Ocean. Atmos. Admin., Nat. Mar. Fish. Serv. NOA.A
Tech. Mem. NMFS-NWFSC-29.

Myers, K.W. 1997b. Group discussion: salmonid biology, ecology, and oceanography; what can
be learned from acoustic and data logging tags? P. 40-43 In G.W. Boehlert (ed.)
Application of acoustic and archival tags to assess estuarine, nearshore, and offshore habitat
utilization and movement by salmonids. NOAA Tech. Memo. NOAA-TM-NMFS-SWFSC.

Myers, K.W., K. Aydin, and G. Anma. 1996a. The 1996 international cooperative salmon
research cruise of the Oshoro maru and a summary of 1994-1996 results. NPAFC Doc.
195. Fish. Res. Inst., Univ. Washington, Seattle. 32 p.

Myers, K.W., KY. Aydin, G. Anma, H.Ueda, M. Kaeriyama, T. Norgard, and T. Sands. 1997a.
The 1997 international cooperative salmon research cruise of the Oshoro maru. NPAFC
Doc. 253. Fish. Res. Inst., Univ. Washington, Seattle. 17 p.

Myers, K.W., K.Y. Aydin, R.V. Walker, S. Fowler, and M.L. Dahlberg. 1996b. Known ocean
ranges of stocks of Pacific salmon and steelhead as shown by tagging experiments, 1956-
1995. NPAFC Doc. 192. Fish. Res. Inst., Univ. Washington, Seattle; Auke Bay Lab., Nat.
Mar. Fish. Serv., Juneau. 4 p. + figs.

Myers, K.W., N.D. Davis, W.W. Dickhoff, and S. Urawa. (in press.) Blood plasma levels of
insulin-like growth factor-I in Pacific salmon in offshore waters in winter. In Welch, D.W.,
D.M. Eggers, V.1. Karpenko, K. Wakabayashi, and R Endo (eds.) Assessment and status
of Pacific Rim salmonid stocks. N. Pac. Anadr. Fish Comm. Bull. 1.

Myers, K.W., N.D. Davis, R. V. Walker, M. Kaeriyama, and A.B. Dekshtein. 1997b. Tag
returns in 1997 — international high-seas salmon tagging. NPAFC Doc. 255. Fish. Res.
Inst., Univ. Washington, Seattle. 7 p.

Myers, K.W., and S. Ignell. 1997. Report of working group on offshore habitat problems and
research. P. 297-3 03 in R.L. Emmett and M.H. Schiewe (eds.) Estuarine and ocean survival
of Northeastern Pacific salmon, proceedings of the workshop, March 20-22, 1996, Newport,
Oregon. U.S. Dept. Comm., Nat Ocean. Atmos. Admin., Nat. Mar. Fish. Serv. NOAA
Tech. Mem. NMFS-NWFSC-29.
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Myers, K.W., and R.V. Walker. 1996. Tag returns in 1996 — international high-seas salmon
tagging. NPAFC Doc. 193. Fish. Res. Inst., Univ. Washington, Seattle. 5 p.

Nagasawa, K., and ND. Davis. 1997a. Japanese anchovy (Engrau/isjaponicus) from the central
North Pacific Ocean collected from the stomach contents of coho salmon (Oncorhynchus
kisutch) and from a surface gilinet catch. Unpublished manuscript. Nat. Res. Inst. Far Seas
Fish., Shimizu. 3 p.

Nagasawa, K., and N.D. Davis. 1997b. Bait stealing by Pacific salmon (Oncorhynchus spp.)
from surface longlines at sea. Unpublished manuscript. Nat. Res. Inst. Far Seas Fish.,
Shimizu. 4p.

Nagasawa, K., N.D. Davis, andY. Uwano. 1997a. Japan-U.S. cooperative high-seas salmonid
research aboard the R/V Wakatake marie from June 11 to July 25, 1997. NPAFC Doc.
Nat. Res. Inst. Far Seas Fish., Shimizu; Fish. Res. Inst., Univ. Washington, Seattle. 30 p.

Nagasawa, K., ND. Davis, K. Tadokoro, andY. Ishida. 1997b. Catch of Pacific salmon
(Oncorhynchus spp) in the central North Pacific Ocean south of the subarctic boundary in
early summer. Unpublished manuscript. Nat. Res. Inst. Far Seas Fish., Shimizu. 8 p.
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catch of the 1994 Bering Sea pollock fishery. Master’s Thesis. University of Washington,
Seattle. 128 p.
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Table 7. Ocean age composition (%), mean fork length (FL, mm), body weight (BW, g),
and standard deviation (sd) of pink salmon caught in the research-mesh gilinet (C
gear) during fishing operations of the R/V Wakatake maru, 199 1-1996.

Ocean Age .1
Sampling % at Fork length (mm) Body weight (g)

Year Dates N Age mean sd mean sd

Central North Pacific - Transition Domain
(41°N-45°N, 1800)

1996 18-20 Jun
1995 22-24 Jun
1994 21-24 Jun
1993 23-25 Jun
1992 21-22 Jun
1991 15-19 Jun

0
6 100 467
7 100 469
0
0

.2 100 431

33 1186 328
38 1063 265

21 860 198

Central North Pacific - Ridge Domain
(47°N, 1800)

1992 26-Jun

Bering Sea
(55°N-58°N, 177°E-177°W)

1996 4-14 Jul
1995 5-16 Jul
1994 5-15 Jul
1993 6-16 Jul
1992 4-14 Jul
1991 1-8 Jul

1 100 450 910

Central North Pacific - Subarctic Current
(44°N-47°N, 180°)

1996 21-26 Jun 5 100 436 45 844
1995 25-27 Jun 18 100 459 26 1070
1994 25-27 Jun 66 100 455 28 1023
1993 26-28 Jun 8 100 429 21 738
1992 23-25 Jun 2 100 458 0 920
1991 20-21 Jun 21 100 423 35 787

349
360
210
134
57

252

275
266
262
240
255
362

43 100 455
1749 100 470

143 100 444
1434 100 449

100 100 451
1315 100 447

35 1117
29 1298
30 1055
27 1106
27 1153
41 1108
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Table 8. Ocean age composition (%), mean fork length (FL, mm), body weight (BW, g),
and standard deviation (sd) of coho salmon caught in the research-mesh gillnet
(C-gear) during fishing operations of the R/V Wakatake maru, 199 1-1996.

Ocean Age .1
Sampling % Fork length (mm) Body Weight (g)

Year Dates N Age mean sd mean sd

Central North Pacific - Transition Domain
(41°N-45°N, 1800)

1996 18-20 Jun 4 100 542 20 1925 155
1995 22-24 Jun 26 100 525 40 1786 328
1994 21-24 Jun 43 100 516 39 1563 414
1993 23-25 Jun 18 100 506 58 1562 472
1992 21-22 Jun 11 100 512 55 1678 486
1991 15-l9Jun 146 100 519 38 1611 343

Central North Pacific - Subarctic Current
(44°N-47°N, 180°)

1996 21-26 Jun 75 100 516 39 1653 399
1995 25-27Jun 73 100 532 46 1836 512
1994 25-27 Jun 78 100 527 39 1829 415
1993 26-28 Jun 49 100 521 48 1755 512
1992 23-25 Jun 58 100 503 31 1514 340
1991 20-2lJun 49 100 526 39 1821 419

Central North Pacific - Ridge Domain
(47°N, 180°)

1992 26-Jun 34 100 507 39 1611 367

Bering Sea
(55°N-58°N, 177°E-177°W)

1996 4-14 Jul 1 100 630 3800
1995 5-16 Jul 5 100 605 35 2910 668
1994 5-15 Jul 0
1993 6-16 Jul 9 100 556 33 2166 581
1992 4-14 Jul 3 100 568 37 2450 492
1991 1-8 Jul 0
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Table 25. Mean body weight, prey weight, stomach content index, fullness, digestion,
% empty stomachs, and % volume of prey for chum and sockeye salmon
caught in nearshore, slope, and oceanic habitats in the Aleutian Islands in
August 1997.

Chum Sockeye
Data Nearshore Slope Oceanic Total Nearshore Slope Oceanic Total
No. fish 17 19 68 104 19 19 102 140
Mean BW(g) 1770 1298 1099 1248 731 580 796 758
Mean PW (g) 4.41 13.84 8.43 8.76 1.37 1.79 3.57 3.03
Mean SCI 0.22 0.95 0.82 0.74 0.20 0.30 0.47 0.41
Mean Full 1.00 1.58 1.65 1.53 0.89 1.53 1.74 1.59
MeanDig 2.36 2.63 2.40 2.44 1.81 1.84 1.94 1.91
%Empty 17.65 0.00 4.41 5.77 15.79 0.00 4.90 5.71

Prey category Mean % Volume
Fish 1.43 0.00 1.03 0.89 0.19 0.26 8.38 6.22
Squid 2.14 0.00 0.34 0.53 0.00 0.00 8.11 5.96
Pteropod 0.00 0.05 12.31 8.17 15.94 0.26 18.26 15.39
Chaetognath 2.86 0.00 0.00 0.41 0.00 0.00 0.00 0.00
Polychaete 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Decapod 0.00 0.26 0.03 0.07 6.25 1.53 0.62 1.43
Euphausiid 7.57 5.53 5.52 5.82 56.69 22.63 19.81 24.69
Amphipod 5.79 17.89 17.46 15.88 17.81 71.11 22.57 28.98
Copepod 3.57 0.00 3.94 3.12 0.00 3.68 14.21 10.97
Gelatinous 18.93 10.53 19.35 17.58 0.00 0.00 0.26 0.19
Other 0.00 0.00 0.00 0.00 0.00 0.00 0.52 0.38
Unidentified 57.71 65.74 40.02 47.53 3.13 0.53 7.27 5.80

BW = body weight
PW = prey weight
SCI stomach content index =( PW/BW)* 100
Full = stomach fullness index: 0 = empty, 1 = 1/4 full, 2 = 1/2 full, 3 3/4 full, 4 = full
Dig = digestion index: 1 fresh, 2= partly digested, 3 = well digested
% Empty = percentage of fish with empty stomachs


