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Results

Abstract

A cooperative Japan-U. S. high seas salmon research cruise program, begun in
1991, in the central North Pacific and Bering Sea in June and July was continued in 1996.
The objective of these cruises is to collect data for salmon stock assessment in the North
Pacific Ocean. Research cruise activities included collection of data on physical
oceanography, primary production, macro-zooplankton, micro-nekton, salmonids, and
salmonid predators. A total of 6,013 salmonids was caught by longline and gillnet. Chum
salmon were abundant in the catch (75% of salmonids), followed by sockeye (15%), coho
(4%), chinook (3%), and pink salmon (2%), and steelhead trout (<1%). Three Dolly
Varden were caught. A total of 691 salmon (95% chum, 4% sockeye, and 1% chinook)
were tagged and released north of 47°30'N from longline operations. Snouts from 17
steelhead with clipped fins were sampled for later potential recovery of coded-wire tags.

Since 1994, there has been an apparent warming trend in June and July sea surface
temperatures in the central North Pacific and the Bering Sea. In 1996, the average sea
surface temperature was 1.1°C warmer in the central North Pacific and 0.6°C warmer in the
Bering Sea than the previous five year average (1991-1995).

In the Subarctic Current, relative abundance of chum salmon caught in research-
mesh gillnets has increased substantially. In 1996, chum salmon were the smallest mean
size observed since the beginning of the program in 1991, Age composition of the catch in
1996 was not analyzed, but small mean size of chum salmon may be due to a large
proportion of young (ocean age .1) fish in the catch. From 1995 to 1996, pink and coho
salmon relative abundance and mean size decreased. Gelatinous zooplankton (ctenophores,
coeleniterates, and salps) have been the most common prey of chum salmon since 1994.
Since 1991, coho salmon have fed almost exclusively on squid, and pink salmon have fed
on amphipods, squid, and pteropods. Steelhead often ate squid and fish, and small pieces
of floating debris were found in their stomachs contents in 1996.

In the Bering Sea, relative abundance of sockeye and chum salmon increased
substantially in 1996, and mean sizes were the smallest observed since 1991. Relative
abundance of pink salmon was much larger in odd years than even. In 1996, the mean size
of pink salmon was larger than in 1991 to 1994, but smaller than in 1995. Since 1993, the
relative abundance of chinook salmon has increased, and the mean size of chinook was
larger in 1996 than in 1995. Sockeye salmon fed on squid, fish, amphipods, and
copepods and increased their predation on euphausiids in 1996. In addition to gelatinous
zooplankton, chum salmon preyed on fish, pteropods, and amphipods and, in 1996
consumed substantially more euphausiids than in previous years. Pink salmon ate squid,
amphipods, copepods, and euphausiids, and in 1996, increased their predation on fish.
Chinook salmon consumed squid, fish, and euphausiids. More empty sockeye, chum,
pink, and coho salmon, and steelhead stomachs were observed in gillnet-caught fish than in
longline-caught fish. However, the percentage of empty chinook salmon stomachs was
higher among longline-caught fish.



Introduction

Since 1991, the National Research Institute of Far Seas Fisheries, Fisheries Agency
of Japan, has sponsored high-seas salmonid (Oncorhynchus spp.) research cruises in June
and July in the central North Pacific Ocean and Bering Sea in cooperation with the
Fisheries Research Institute, University of Washington ( Ishida et al. 1991, 1992; Davis
and Tadokoro 1994; Nagasawa et al. 1994a; Myers et al. 1995). The objective of these
cruises is to collect data for salmon stock assessment in the North Pacific Ocean. Samples
were collected to monitor primary production and macro-zooplankton and micro-nekton
abundance, and data were gathered on salmonid abundance, distribution, stock
identification, condition, growth, and feeding ecology. In this report, we briefly outline
the sampling methodology and results of fishing activities in 1996 and summarize data on
salmonid abundance, fish size, and food habits for 1991 to 1996.

Methods

The cruise track was located along a north-south transect between 38°30'N and
58°30'N latitude at 179°30'W longitude, and included an east-west transect between
177°30'W and 177°30°E in the central Bering Sea at 56°30'N latitude (Fig. 1). The cruise
track included 28 fishing stations, where oceanographic data, primary production, and
zooplankton samples were collected and longline and gillnet fishing operations were
conducted. In addition, there were 56 transit stations, where a reduced set of
oceanographic, primary production, and zooplankton samples were collected while enroute
to and from the fishing research area (Fig. 1).

Much of the research gear used in 1996 was identical to that used in previous years
including the following: a CTD (conductivity, temperature, depth sensor) for
oceanographic studies; Norpac, bongo, and fish larval nets for collection of macro-
zooplankton and micro-nekton; a salmon gillnet (overall length 2.45 km) configured with
commercial-mesh (A-gear; 115 mm mesh size) and research-mesh (C-gear; 48-157 mm
mesh size); and a surface longline (overall length 3.36 km) for the capture of salmonids
(Table 1; Ishida et al. 1991, 1992; Davis and Tadokoro 1994; Nagasawa et al. 1994a;
Myers et al. 1995). A Go-Flow water sampler was used for the first time in 1996 to collect
water samples at various depths between 10 m and 150 m (Table 1).

Many research activities conducted aboard the Wakatake maru were identical to
those in earlier years including collection of salmon biological data (fork length, body and
gonad weight, and a scale sample) and tissues for stock identification, ocean growth, and
body condition; inspection of fish for recovery of snouts from fin-clipped fish; and
catching live fish for tagging (Table 2). In 1996, several new research activities were
added including collection of blood serum to determine levels of insulin-like growth factor-
1 (JGF-1) in-salmonids and gonadotropin levels in chum salmon (O. keta); collection of
tissue samples from salmonids, micro-nekton, salmonid predators, other fishes, and other
organisms to determine heavy C-N isotope ratios; and examination of salmon stomach
contents from fish caught by gillnet (Table 2). The summary of research gear and activities
is provided in table format so that our sampling methods can be easily compared with
methods used on other salmon surveys (Tables 1 and 2).

To summarize the 1991 to 1996 results concerning salmon abundance, size-at-age,
and salmon stomach contents, data were grouped according to oceanographic region using
definitions given by Dodimead et al. (1963) and Favorite et al. (1976) and summarized by
Myers et al. (1995). The mean catch per unit of effort (number of salmonids caught in 30-



tans [1500 m] of research-mesh gillnet [C-gear]) was calculated by oceanographic region
for each year. To summarize fish size data, mean fork length and body weight of salmon
caught in the research-mesh gillnet (C-gear) were calculated for the central North Pacific
Ocean and Bering Sea from 1991 to 1996. Ages of salmon caught in 1996 were not
determined, and size-at-age data for the current year were not available. For the 1991-1995
period, however, age composition and mean size-at-age data (mean fork length and body
weight) for salmon caught in C-gear were calculated by oceanographic region.

The method used for ship-board examination of salmon stomach contents has been
descnbed in earlier reports (Ishida et al. 1991, 1992; Davis and Tadokoro 1994; Nagasawa
et al. 1994a). The total stomach content welght was obtained by subtraction of the empty
stomach weight from the full stomach weight. The volume (%) of each prey category was
visually estimated. The results of food habits studies in 1991-1996 were grouped by
salmon species, oceanographic region, year, and fishing gear type (longline or gillnet).
Mean prey weight, mean index of stomach content weight (SCl=prey weight X 100/salmon
body weight), and mean composition by volume were calculated from among those fish
that contained prey. The mean percent composition by volume was calculated by summing
the observed percent volume among all the fish in a stratum and dividing by the number of
fish containing prey.

Results and Discussion

OCEANOGRAPHY

The saline surface water of the Transition Zone was located south of 40°30'N, and
the Subarctic Boundary, defined by the position of the vertical 34.0 %o isohaline, was
between 40°30'N and 41°30'N (Fig. 2). The Transition Domain was located between
41°30'N and 43°30'N. The Subarctic Current, an eastward-flowing current typically
having cool, dilute surface waters and relatively homogeneous conditions, was located
between 44°30'N and 48°30'N (Fig. 2). The Ridge Domain was between 49°30'N and
50°30'N, and was characterized by cold, saline, upward-flowing water in the intermediate
layer. The westward-flowing current of the Alaska Stream, containing warm, dilute water,
was at 51°30'N. Northwards of 52°30'N, the stations were located in the Bering Sea, a
region of cold, saline surface waters (Fig. 2).

There has been a warming trend in sea surface temperatures in the central North
Pacific and Bering Sea since 1994. The average sea surface temperature in the central
North Pacific in June and July was 0.84°C warmer in 1996 than in 1995 and 1.08°C
warmer in 1996 than the previous five year average (1996 mean=10.40°C; 1995
mean=9.56°C; 1991-1995 mean=9.32°C). The position of the Subarctic Boundary in 1996
was approximately 41°N, which was in the same vicinity as in 1991 and 1994, but the
boundary was further north in 1992, 1993, and 1995 (42°N-43°N). The average sea
surface temperature in the Bering Sea in July was 0.22°C warmer in 1996 than in 1995 and
0.60°C warmer than the previous five-year average (1996 mean=7.51°C; 1995
mean=7.29°C; 1991-1995 mean=6.91°C).

SALMONID CATCHES
Due to several storms in 1996, we canceled the last two fishing stations in the

central Bering Sea (stations 27 and 28; Fig. 1). A total of 6,013 salmonids was caught by
longline and gillnet (Table 3). Chum salmon were the most abundant fish in the catch



(75% of salmonids), followed by sockeye (O. nerka, 15%), coho (O. kisutch, 4%),
chinook (O. tshawytscha, 3%), pink salmon (0. gorbuscha, 2%), and steelhead trout (O.
mykiss, <1%). Three Dolly Varden (Salvelinus malma) were caught (Table 3). Because
there may have been some species misidentification, these are tentative results until later
confirmed by scale examination. In 1996, sockeye salmon were caught as far south as
47°30'N but, in 1995, they were caught one degree (latitude) further south (Myers et al.
1995). Coho salmon and steelhead trout were the most southerly distributed salmonids
(41°30'N), chum salmon were caught north of 42°30'N, and pink and chinook salmon
were caught north of 44°30'N (Table 3). :

A total of 691 salmon (95% chum, 4% sockeye, and 1% chinook) was tagged and
released north of 47°30'N from longline operations (Table 3). Snouts from 17 steelhead
with clipped fins were sampled for later potential recovery of coded-wire tags.

NON-SALMONID CATCHES

Significant catches of non-salmonids included neon flying squid (Ommastrephes
bartramii, n=529) and Pacific pomfret (Brama japonica, n=352; Table 3). Perhaps due to
warm sea surface temperatures, neon flying squid and Pacific pomfret were caught 2° and
3° (latitude), respectively, further north in 1996 than in 1995 (Myers et al. 1995).

SALMONID ABUNDANCE BY OCEANOGRAPHIC REGION, 1991 TO 1996

Salmonids were not abundant in the Transition Zone, but chum and coho salmon
have been caught south of the Subarctic Boundary in 1991 and 1993 (Table 4). If the
position of the vertical 34.0 %o isohaline accurately delineates the Subarctic Boundary, then
this boundary does not form an absolute limit to the southern distribution of chum and coho
salmon in summer (Nagasawa et al. 1994b).

Chum and coho salmon and steelhead were the most abundant salmonids in the
Transition Domain (Table 4). Chum salmon were more abundant in 1996 than 1995, but
for the last three years (1994-1996) chum salmon were approximately one third as
abundant in this area as in the earlier three years (1991-1993). Abundance of coho salmon
in the Transition Domain was the lowest in 1996 than in any year since 1991 (Table 4).

Five species of salmon and steelhead were caught in the Subarctic Current region
and chum and coho salmon and steelhead were the most abundant species (Table 4). Chum
salmon abundance in this area in 1993 and 1996 was twice that of the other years.

Salmonids were approximately three to nine times more abundant in the Bering Sea
than in the Subarctic Current, and chum, pink, and sockeye salmon were the most common
species (Table 4). Pink salmon were more plentiful in odd years, and chum salmon
abundance was higher in even years.- The magnitude of the odd and even year fluctuations
in abundance was larger for pink salmon (approximately 25X) than for chum salmon
abundance (2-4X; Table 4). Relative abundance of sockeye salmon in the Bering Sea were
approximately 1.5 to 2.5 times higher in 1993, 1994, and 1996 than in the other years
(Table 4).



SALMONID SIZE, 1991 TO 1996

The mean length and body weight of chum and chinook salmon and steelhead
caught in the central North Pacific Ocean was smaller in 1996 than in any year since 1991,
and pink and coho salmon were smaller in 1996 than in 1995 (Table 5). In the Bering Sea,
the size of sockeye and chum salmon was smaller in 1996 than in any year since 1991.
However, the summary of average size does not account for the age composition of the
catch (Table 5). Therefore, comparisons of fish size for the 1996 catch are preliminary
because the mean size may reflect differences in age composition rather than actual
differences in size.

In the period from 1991 to 1995 most sockeye salmon caught in the Bering Sea
were ocean age .1 and .2 (81%-95%; Table 6). In 1991 and 1993, ocean age .1 was the
prevailing age group (52%-59%), and in 1992, 1994, and 1995, ocean age .2 was the
dominant group (54%-72%). Ocean age .1 sockeye salmon increased in average size from
1991 to 1994, and decreased in average size in 1995. Ocean age .2 fish remained
approximately the same size from 1991 to 1994, and increased in 1995 (Table 6).

Most chum salmon caught in the Transition Domain were ocean age .2 (58%-83%;
Table 7). The average size of ocean age .2 chum salmon in 1995 was the largest size
observed from 1991 to 1995. In the Subarctic Current, ocean age .2 chum salmon was the
prevailing age group in 1991-1994 (51%-83%) and ocean age .3 was dominant in 1995
(62%; Table 7). In 1995, ocean age .2 chum salmon were larger than those caught in
previous years. In the Bering Sea, ocean age .1 was the dominant age group in 1992
(36%), ocean age .2 predominated in 1993 (51%), and ocean age .3 chum salmon
prevailed in 1991, 1994, and 1995 (40%-44%; Table 7). The average sizes of ocean age
.1, .2, and .3 chum salmon were larger in odd years than in even years (Table 7).

All pink and coho salmon in the catch were maturing ocean age .1 (Table 8 and 9).
In 1991 to 1994, pink salmon caught in the Subarctic Current were smaller in odd years
than in even years. In 1995, the mean size of pink salmon in the Bering Sea was larger
than in the previous four years (Table 8).

The majority of chinook salmon caught in the Bering Sea was ocean age .1 and .2
(67%-97%; Table 10). Ocean age .2 was the dominant age group in 1992, 1993, and
1995, and ocean age .1 was dominant in 1991 and 1994. In 1995, the mean sizes of ocean
age .1 and .2 were smaller than in the previous years, 1991 to 1994 (Table 10).

In the Subarctic Current in 1991, 1994 and 1995, ocean age .1 was the dominant
age group in the steelhead catch (Table 11).

SALMONID FOOD HABITS, 1991 TO 1996

Squid, hyperiid amphipods, and euphausiids were important prey for sockeye
salmon in all oceanographic regions north of the Subarctic Current (Table 12). In addition
to these prey categories, in the Ridge Domain, sockeye salmon commonly fed on copepods
and pteropods. Pteropods were an important prey item in the Alaska Stream in 1991 and
from 1995 to 1996. In the Bering Sea, squid, amphipods, euphausiids, fish, copepods,
and pteropods were important prey of sockeye salmon from 1991 to 1996 (Table 12).

Gelatinous zooplankton (ctenophores, coelenterates, and salps) was the most
common prey of chum salmon in all years and oceanographic regions, although some
gelatinous zooplankton may have been considered unidentified prey in the early years of the



study (1991-1992; Table 13). In addition to the gelatinous zooplankton, amphipods,
chaetognaths, heteropods, and appendicularia comprised the majority of prey items of
chum salmon in the Transition Domain and Subarctic Current from 1991 to 1996. In the
Subarctic Current, chum salmon also fed on euphausiids (1995) and pteropods (1993,
1996). In the Bering Sea (1991-1996) chum salmon stomachs contained items from more -
prey categories including gelatinous zooplankton, euphausiids, amphipods, pteropods,
fish, and squid. In 1991 and 1993, appendicularia were abundant in chum stomach
contents (Table 13).

In the Subarctic Current, the prey of pink salmon included amphipods and
pteropods every year except 1992 when there were no fish sampled (Table 14). Squid and
copepods were also commonly found in pink salmon stomach contents in 1991, and 1994
to 1996. Euphausiids were a significant prey item north of the Subarctic Current. In the
Bering Sea from 1991 to 1996, squid and fish were important prey, and, in addition,
euphausiids, copepods, and amphipods were commonly eaten by pink salmon (Table 14).

Squid was the most abundant prey item found in coho salmon stomachs in all
oceanographic regions (1991-1996; Table 15). In addition to squid, fish (1994-1995) and
pteropods (1991-1996) were a component of the diet of coho salmon caught in the
Transition Domain. Hyperiid amphipods were commonly eaten by coho salmon in the
Transition Domain and Subarctic Current (Table 15).

Like coho, chinook salmon fed heavily on squid in all oceanographic regions
(1991-1996; Table 16). Sample sizes were small in all areas except in the Bering Sea,
where chinook salmon included fish and euphausiids in their diets in addition to squid
(1991-1996; Table 16).

Steelhead trout fed primarily on squid and fish in the central North Pacific Ocean
(1991-1996; Table 17). Small pieces of floating debris including bits of foam, plastic, and
wood were detected in the stomach contents of steelhead caught in the Subarctic Current in
1996 (Table 17).

The percentage of empty stomachs of sockeye, chum, pink, and coho salmon, and
steelhead stomachs was higher among fish collected by gillnet than by longline (Tables 12-
17). Interestingly, chinook salmon exhibited the opposite result; the proportion of empty
stomachs was higher in chinook salmon collected by longline suggesting that the feeding
behavior of chinook may be different than other salmon. Differences in the percentage of
empty salmon stomachs between the two fishing gears and among salmon species result
from the interaction of the timing when diurnal salmon feeding intensifies, when salmon
are vulnerable to the fishing gear, and how long after the salmon are caught they are
retreived from the fishing gear.
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~ Table 8. Ocean age composition (%) and mean fork length (mm), body weight (g) and
standard deviation (sd) of pink salmon caught in the research-mesh gillnet (C-
gear) during fishing operations of the Wakatake maru, 1991-1995.

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, 180°)

1995 22-24 Jun 6 100 467 33 - 1186 328
1994 21-24 Jun 7 100 469 38 1063 265
1993 23-25 Jun 0 '

1992 21-22 Jun 0

1991 15-19 Jun 2 100 431 21 860 198

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

1995 25-27 Jun 18 100 459 26 1070 360
1994 25-27 Jun 66 100 455 28 1023 210
1993 26-28 Jun 8 100 429 21 738 - 134
1992 23-25 Jun 2 100 458 0 920 57

1991 20-21 Jun 21 100 423 35 787 252

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

1992 26-Jun 1 100 450 910

Bering Sea
(55°N-58°N, 177°E-177°W)

1995 5-16 Jul 1749 100 470 29 - 1298 266
1994 5-15Jul 143 100 444 30 1055 262
1993 6-16 Jul 1434 100 449 27 1106 240
1992 4-14 Jul 100 100 451 27 1153 255

1991 1-8 Jul 1315 100 @ 447 41 1108 362
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Table 9. Ocean age composition (%) and mean fork length (mm), body weight (g), and
standard deviation (sd) of coho salmon caught in the research-mesh gillnet (C-
gear) during fishing operations of the Wakatake maru, 1991-1996.

: 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, 180°)

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 15-19 Jun 146 100 519 38 1611 343

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

1995 25-27 Jun 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 20-21 Jun 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)

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
0 :

1991 1-8 Jul
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