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ABSTRACT

This report summarizes the results of the 1991-96 National Marine Fisheries
Service longline surveys of the Gulf of Alaska and eastern Aleutian Islands. Sablefish,
Anoplopoma  fimbria, was the principal target species, although shortspine thornyhead,
Sebastolobus alascanus, rougheye rockfish, Sebastes aleutianus, and shortraker rockfish,
Sebastes borealis, populations appear to have been sampled adequately to derive
meaningful abundance indices. The survey area in the Gulf of Alaska extends from
Islands of Four Mountains (170°W long.) eastward to Dixon Entrance (133°25’W long.)
and covers the upper continental slope and selected gullies. Beginning in 1996, the
eastern Aleutian Islands were surveyed from Amchitka Pass (178°58’W long.) to the
western end of Umnak Island (170°12’W long.).

Sablefish abundance indices (relative population number, RPN) for the Gulf of
Alaska declined slightly from 1991 to 1996. The two large annual declines in 1992 and
1994 were followed by slight increases in 1993 and 1995. Sablefish relative biomass
(relative population weight, RPW) changes were similar to those for sablefish RPN in the
Gulf of Alaska. The length compositions for both sexes of sablefish increased from 1991
to 1996.

Gulfwide, shortspine thornyhead RPN and RPW increased during 1996 to the
highest number for any survey year, exceeding the previous high in 1992. For all years,
their length modes changed slightly.

Gulfwide, RPN and RPW for rougheye rockfish varied without a discernable trend
from 1991 to 1994, then increased substantially in 1995 and 1996. Their length modes
were generally 42-44 cm fork length (FL).

Shortraker rockfish RPN and RPW declined from 1991 to 1994 and then
increased in 1995 and 1996. Their length modes were generally 56-63 cm FL.
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INTRODUCTION

From 1978 through 1994, Japan and the United States cooperatively conducted an
annual longline survey covering the upper continental slope of the Gulf of Alaska. In the
later years, the survey was expanded to the eastern Bering Sea and Aleutian Islands
region. The research supplied information needed to estimate the abundance of sablefish,
Anoplopomafimbria, and other groundfish species (Sasaki 1985, Sigler and Fujioka 1988).

Since 1987, the Alaska Fisheries Science Center, National Marine Fisheries Service
(NMFS), has conducted an independent annual longline survey designed to continue the
time series of data should Japan discontinue as a partner. Since the cooperative survey
was discontinued, the NMFS survey has been the primary method for assessing sablefish
and other groundfish species in Alaska. The cooperative survey covered the Gulf of
Alaska, eastern Bering Sea, and Aleutian Islands region, whereas the NMFS survey
covered only the Gulf of Alaska until 1996, when the survey was expanded to cover the
Aleutian Islands. Sampling of the eastern Bering Sea is planned for 1997.

The NMFS longline survey covers the same stations (Fig. 1) and season and uses
similar sampling gear as the cooperative longline survey. In addition, the NMFS longline
survey has expanded areal coverage from the upper continental slope to major deepwater
gullies on the continental shelf. The primary purpose of the NMFS longline survey is to
determine the relative annual abundance and length composition of sablefish, shortspine
thornyhead, Sebastolobus alascanus, rougheye rockfish, Sebastes aleutianus, and shortraker
rockfish, Sebastes borealis, in the Gulf of Alaska, Aleutian Islands, and eastern Bering
Sea; only these species will be discussed in this report. This report presents the 1991-96
survey results and updates the report on the 1987 (Sigler and Zenger 1989) and 1988-90
surveys (Zenger and Sigler 1992).

MATERIALS AND METHODS

Vessels and Gear

The chartered fishing vessel Ocean Prowler (47 m) was used for the 1991-93 and
1995 surveys, and the chartered fishing vessel Alaskan Leader (46 m) was used for the
1994 and 1996 surveys. As in the 1988-90 surveys, 16 km (8.6 nautical miles, nmi) of
groundline containing 7,200 hooks were set each day. The groundline consisted of 160
sections called skates, and each skate was 100 m (55 fathoms) long with 45 size 13/0
Mustad circle hooks spaced 2 m apart. The groundline was weighted with 3.2-kg lead
balls snapped onto the end of each skate. Each hook was hand baited with about 5.5 kg
of chopped squid, Illex illecebrosus, mantles per 100 hooks. The squid mantles were 15-
23 cm long. Each mantle was cut into 3 or 4 pieces, each about 4-6 cm long.
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Survey Area and Operations

The survey area in the Gulf of Alaska extends from Islands of Four Mountains
(170°W long.) eastward to Dixon Entrance (133°25’W long.) and covers the upper
continental slope and selected gullies. The survey area in the eastern Aleutian Islands
extends from Amchitka Pass (178°58’W long.) to the western end of Umnak Island
(170°12’W long.). The western half of the Aleutian Islands region also was sampled
during the cooperative longline surveys from 1980 to 1994, but is not sampled in the
NMFS longline survey because of the low sablefish catch rate (Fig. 2).

Most stations were sampled at 200-1,000 m depths, but some at 150 m depths or
less. From 1988 through 1990, the survey period was 26 June to 12 September. From
1991 through 1994, the survey was shifted about 2 1/2 weeks later, to 13 July to 27
September, to avoid conflicts with the commercial sablefish fishery, which started 45 days
later in these years than it had in 1988-90. Implementation of the Individual Fishery
Quota (IFQ) system in the longline fishery for sablefish and Pacific halibut, Hippoglossus
stenolepis, started in 1995, and the survey was moved back to near the 1988-90 periods.
During 1996, the eastern Aleutian Islands were surveyed from 20 May to 4 June and the
Gulf of Alaska from 6 June to 18 August; the Gulf of Alaska was surveyed 16 days earlier
than in 1995 to avoid conflicts with the rockfish trawl fishery in the Kodiak Island and
west Yakutat areas.

The sampling gear was set from shallow to deep water and usually was retrieved in
the same order. Setting began about 0630 hours; retrieval began about 0930 hours and
was completed about 1900 hours. Soak time, defined as the time between last buoy
deployment and first buoy retrieval, ranged from 3 to 11 hours. This variation in soak
time has little effect on the survey index for sablefish (Sigler 1993).

Until 1995, 73 stations were sampled in the Gulf of Alaska: 45 along the upper
slope, 27 in gullies, and 1 on the continental shelf (Table l).1 Because of the low (2-4%
of total) relative number of sablefish there, two stations each in Alsek Strath and Iphigenia
Gully were discontinued in 1995 and the two Shumagin Gully stations in 1996. These
deletions allowed increased sampling in Amatuli Gully (six stations added in 1995)
because it has accounted for about 10-l5% of the total relative number of sablefish
(Fig. 3f) and because commercial fishing effort was concentrated in the eastern half of
Amatuli Gully, implying that sablefish density was higher there. Previously, only the
eastern half was sampled and, therefore, any spatial differences within the gully were not
measured. Hence, sampling was extended to the western half of Amatuli Gully as well as
to two nearby gullies. During 1996, 14 stations were sampled in the eastern Aleutian
Islands, whereas 17 stations had been sampled during the cooperative survey; the 3
stations were eliminated because of excessive gear loss.

1The 45 stations on the upper continental slope correspond to station numbers 62-86, 88-102, and 104-108
of the Japan-U.S. cooperative longline survey (Sasaki and Yano 1990). Gully station 26 corresponds to station 87
of the cooperative longline survey. Shelf station 42 (station 103 of the cooperative longline survey) is on the
continental shelf off Baranof Island. The remaining 26 gully stations are additional to the original 47 stations of
the cooperative longline survey.
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Data Collection

Catch data were recorded on a handheld electronic data logger. During gear
retrieval, a scientist recorded the species of each hooked fish, the condition of each
unoccupied hook (absent, broken, or tangled), and whether bait remained on the hook.
Time of day was recorded continuously from an internal clock, and depth was entered
when the first skate came aboard, at the beginning of each fifth skate, when crossing into
a new depth interval (0-100 m, 101-200 m, 201-300 m, 301-400 m, 401-600 m,
601-800 m, 801-1,000 m, or l,00l-1,200 m), and when the last skate came aboard.

Fish lengths were recorded using 4 bar-code-based measuring board and a bar-code
reader and data-storage device (Sigler 1994). Fish lengths were grouped by depth interval
for sablefish, Pacific cod, Gadus macrocephalus, grenadiers (Macrouridae), arrowtooth
flounder, Atheresthes stomias, rockfishes, Sebastes spp., and shortspine thornyhead.
Lengths of sablefish and Pacific cod also were recorded by sex. Pacific halibut were
counted and released at the rail without being measured. Catch and length frequency data
were transferred to a computer and electronic backup media twice a day. As in the

previous surveys, the conditions of the charter allowed the charter vessel to retain most of
the catch after the scientific data were recorded, except for prohibited species and those
retained as scientific specimens.

Other Biological Sampling

Otoliths were collected, individual lengths and weights recorded, and maturity
determined from a random sample of sablefish at each station starting in 1996.
Previously, biological sampling was conducted on the cooperative survey but not the
NMFS survey. The catch was sampled randomly, rather than stratified by length, because
the important variance of proportion-at-age estimates was examined from previous otolith
collections and found to be lower for random sampling, which is also true in general
(Kimura 1977). A random sample was taken as follows. The first hook of each skate was
examined at gear retrieval. If a sablefish occupied the hook, that fish was set aside for
other biological sampling. If no sablefish occupied the first hook, then no fish was set
aside from that skate. As catch rate varies with station, depth, etc., examining a fixed
fraction of the gear ensures that a fixed fraction of the sablefish catch is sampled. The
otolith sample was stratified by station and depth stratum (hereafter referred to as stratum).
As the selected fish came aboard, the fisherman at the rail separated the fish into tubs,
according to depth strata. Length, weight, and maturity were determined; both otoliths
were extracted and put in vials filled with 50% ethanol. Fork length and weight were
recorded as accurately as possible. Separate specimen forms were maintained for each
station and stratum.
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Analytical Methods

The following is an overview; more detailed treatment of these analytical methods
may be found in Sigler and Zenger (1989). The number of fish caught per skate (catch
per unit effort [CPUE]) was calculated by species for each stratum sampled at a station.
Relative population number (RPN, an index of relative abundance in numbers) was
computed for each species (Quinn et al. 1982, Gulland 1983, Sasaki 1985) for strata from
201 to 1,000 m, but not for shallower waters because we considered that the shallower
depths were not sampled adequately to compute an RPN. The CPUE for each station-
stratum was multiplied by the area of the stratum. Then the resulting products for all
stations within a stratum were averaged to obtain an RPN.

To examine the size distribution of the principal species, RPN-weighted length
frequencies were computed for depths 201-l,000 m, then multiplied by the sample length
frequencies. The resultant RPN length frequencies by station and stratum were averaged
within stratum to calculate a RPN length frequency by stratum. Finally, to assess relative
biomass, we computed relative population weights (RPWs) by using the size distributions
and length-weight equations.

Rougheye and shortraker rockfish were grouped together as catches were recorded
because they cannot be separated readily while the longline comes in. Length frequencies
were tallied separately, allowing estimation of RPN and RPW for each species.

The survey area includes most of the adult habitat of sablefish, rougheye and
shortraker rockfishes, and shortspine thornyhead and, therefore, samples the adult fraction
of their populations in the Gulf of Alaska and eastern Aleutian Islands. In contrast, large
portions of the habitat of adult Pacific cod, Pacific halibut, rockfish species other than
rougheye and shortraker rockfishes, grenadiers, and arrowtooth flounder are not included
in the survey area and, thus, the RPN does not reflect the total abundance of those species.
Consequently, the survey results for those species are not reported here.

RESULTS

Relative Abundance
Sablefish

Overall, sablefish numbers declined slightly from 1991 to 1996. The two large
annual declines in 1992 and 1994 were followed by slight increases in 1993 and 1995
(Table 2). The RPW also decreased from 1991 to 1996, but less than RPN because the
largest decreases in RPN were in gullies, where the fish are generally smaller than in the
upper slopes.
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Length Compositions

The length compositions for each sex generally shifted toward larger fish from
1991 to 1996 (Figs. 3a-n). Few fish of either sex were less than 50 cm fork length (FL).
Generally, only one length mode was evident for each sex by area for all years. Length
modes were generally between 60 and 63 cm FL for males and between 67 and 70 cm FL
for females.

Relative Abundance
Shortspine Thornyhead

Total shortspine thornyhead RPN increased in 1996 to the highest number of any
survey year, exceeding the previous high in 1992 (Table 3). The RPN on slopes was
greater than in gullies. Shortspine thornyhead were more abundant in the central and
western gulf areas (Shumagin, Chirikof, and Kodiak) than in the eastern gulf areas
(Yakutat and Southeast) during all years, but none has ever been caught in Shumagin
Gully or Shelikof Trough in a survey. RPW paralleled RPN in all years.

Length Compositions

Shortspine thornyhead length modes changed slightly each year. Length modes
were generally between 36 and 44 cm FL (Figs. 4a-1). Usually only one length mode was
evident.

Relative Abundance
Rougheye Rockfish

RPN and RPW of rougheye rockfish varied without a discernable trend from 1991
to 1994. They increased substantially in 1995 and 1996; 1996 values were record highs
(Table 4).

In most years, rougheye rockfish RPN was highest in the Southeast area.

Length Compositions

Rougheye rockfish length modes were generally between 42 and 44 cm FL for all
years (Figs. 5a-f). Usually only one length mode was evident.
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Relative Abundance
Shortraker Rockfish

Shortraker rockfish RPN and RPW declined in 1992 and 1994 and then increased
in 1993, 1995, and 1996 (Table 5). The RPN and RPW were always highest in the
Southeast area.

Length Compositions

Shortraker rockfish length modes were generally between 56 and 63 cm FL for all
years (Figs. 6a-f). Usually only one length mode was evident.

Aleutian Area

Inasmuch as this was the first year of sampling in the Aleutian area, length
compositions are merely shown (Figs. 7-16). Catches of Greenland turbot in the Gulf of
Alaska have been low. Now that sampling has expanded to the Aleutian Islands and
Bering Sea where catch rates are higher, they will be discussed in future reports.
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Table 1 .--Area, number of stations, and year surveyed (x) for the National Marine
Fisheries Service longline survey, 1991-96. Dash indicates no sampling.
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Table 2.--Relative population number (RPN) and relative population weight (RPW) of
sablefish by area, 1991-96. Dash indicates no sampling.
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Table 3.--Relative population number (RPN) and relative population weight (RPW) of
shortspine thornyhead by area, 1991-96. Dash indicates no sampling.
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Table 4.--Relative population number (RPN) and relative population weight (RPW) of
rougheye rockfish by area, 1991-96. Dash indicates no sampling.
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Table 5.--Relative population number (RPN) and relative population weight (RPW) of
shortraker rockfish by area, 1991-96. Dash indicates no sampling.
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Figure 1 .--NMFS sablefish longline survey, Aleutian Island; stations.



Figure l.--Extended. NMFS sablefish longline survey, western Gulf of Alaska stations.



Figure l.--Extended. NMFS sablefish longline survey, eastern Gulf of Alaska stations.



Figure 2.--Average sablefish catch per skate by region in the Aleutian Islands for the Japan-U.S. cooperative longline
survey, 1983-94.  



Figure 3a.--Sablefish length frequencies weighted for relative population number for
the Shumagin slope by sex, 1991-96.



Figure 3b.--Sablefish length frequencies weighted for relative population number for
Shumagin Gully by sex, 1991-95.



Figure 3c.--Sablefish length frequencies weighted for relative population number for
the Chirikof slope by sex, 1991-96.



Figure 3d.--Sablefish length frequencies weighted for relative population number for
Shelikof Trough by sex, 1991-96.



Figure 3e.--Sablefish length frequencies weighted for relative population number for
the Kodiak slope by sex, 1991-96.



Figure 3f.--Sablefish length frequencies weighted for relative population number for
Amatuli Gully by sex, 1991-96.



Figure 3g.--Sablefish length frequencies weighted for relative population number for
the West Yakutat slope by sex, 1991-96.



Figure 3h.--Sablefish length frequencies weighted for relative population number for
the East Yakutat slope by sex, 1991-96.



Figure 3i.--Sablefish length frequencies weighted for relative population number for
the W-Grounds by sex, 1991-96.



Figure 3j.--Sablefish length frequencies weighted for relative population number for
Yakutat Valley by sex, 1991-96.



Figure 3k.--Sablefish length frequencies weighted for relative population number for
the Southeast slope by sex, 1991-96.



Figure 31.--Sablefish length frequencies weighted for relative population number for
Spencer Gully by sex, 1991-96.



Figure 3m.--Sablefish length frequencies weighted for relative population number for
Ommaney Trench by sex, 1991-96.



Figure 3n.--Sablefish length frequencies weighted for relative population number for
Dixon Entrance by sex, 1991-96.



Figure 4a.--Shortspine thornyhead length frequencies weighted by relative population
number for the Shumagin slope, 1991-96.



Figure 4b.--Shortspine thornyhead length frequencies weighted by relative population
number for the Chirikof slope, 1991-96.



Figure 4c.--Shortspine thornyhead length frequencies weighted by relative population
number for the Kodiak slope, 1991-96.



Figure 4d.--Shortspine thornyhead length frequencies weighted by relative population
number for Amatulli Gully, 1991-96.



Figure 4e.--Shortspine thornyhead length frequencies weighted by relative population
number for the West Yakutat slope, 1991-96.



Figure 4f.--Shortspine thornyhead length frequencies weighted by relative population
number for the East Yakutat slope, 1991-96.



Figure 4g.--Shortspine thornyhead length frequencies weighted by relative population
number for the W-Grounds. 1991-96.



Figure 4h.--Shortspine thornyhead length frequencies weighted by relative population
number for Yakutat Valley, 1991-96.



Figure 4i.--Shortspine thornyhead length frequencies weighted by relative population
number for the Southeast slope, 1991-96.



Figure 4j .--Shortspine thornyhead length frequencies weighted by relative population
number for Spencer Gully, 1991-96.



Figure 4k.--Shortspine thornyhead length frequencies weighted by relative population
number for Ommaney Trench, 1991-96.



Figure 4l.--Shortspine thornyhead length frequencies weighted by relative population
number for Dixon Entrance, 1991-96.



Figure 5a.--Rougheye rockfish length frequencies weighted by relative population
number for the Shumagin slope, 1991-96.



Figure Sb.--Rougheye rockfish length frequencies weighted by relative population
number for the Chirikof slope, 1991-96.



Figure Sc.--Rougheye rockfish length frequencies weighted by relative population
number for the Kodiak slope, 1991-96.



Figure 5d.--Rougheye rockfish length frequencies weighted by relative population
number for the West Yakutat slope, 1991-96.



Figure Se.--Rougheye rockfish length frequencies weighted by relative population
number for the East Yakutat slope, 91-96.



Figure 5f.--Rougheye rockfish length frequencies weighted by relative population
number for the Southeast slope, 1991-96.



Figure 6a.--Shortraker rockfish length frequencies weighted by relative population
number for the Shumagin slope, 1991-96.
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Figure 6b.--Shortraker rockfish length frequencies weighted by relative population
number for the Chirikof slope, 1991-96.



Figure 6c.--Shortraker rockfish length frequencies weighted by relative population
number for the Kodiak slope. 1991-96.



Figure 6d.--Shortraker rockfish length frequencies weighted by relative population
number for the West Yakutat slope, 1991-96.



Figure 6e.--Shortraker rockfish length frequencies weighted by relative population
number for the East Yakutat slope, 1991-96.



Figure 6f.--Shortraker rockfish length frequencies weighted by relative population
number for the Southeast slope, 1991-96.



Figure 7.--Sablefish length frequencies weighted by relative population number for the
Northeastern Aleutian area, 1996.

Figure 8.--Sablefish rockfish length frequencies weighted by relative population
number for the Southeastern Aleutian area, 1996.

Figure 9.--Shortspine thornyhead length frequencies weighted by relative population
number for the Northeastern Aleutian area, 1996.



Figure l0.--Shortspine thornyhead length frequencies weighted by relative population
number for the Southeastern Aleutian area, 1996.

Figure 11 .--Rougheye rockfish length frequencies weighted by relative population
number for the Northeastern Aleutian area, 1996.

Figure 12.--Rougheye rockfish length frequencies weighted by relative population
number for the Southeastern Aleutian area, 1996.



Figure 13.--Shortraker rockfish length frequencies weighted by relative population
number for the Northeastern Aleutian area, 1996.

Figure 14.--Shortraker rockfish length frequencies weighted by relative population
number for the Southeastern Aleutian area, 1996.

Figure 15.--Greenland turbot length frequencies weighted by relative population
number for the Northeastern Aleutian area, 1996.
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Figure 16.--Greenland turbot length frequencies weighted by relative population
number for the Southeastern Aleutian area, 1996.
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