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ABSTRACT

The Al aska Fisheries Science Center conducted the second
annual National Mrine Fisheries Service (NWS) |ongline survey
to study the abundance and biol ogi cal condition of sablefish
(Anopl oporma finbria) and other groundfish along the upper
continental slope of the Gulf of Al aska during the summer of
1988. This survey replicated the 1987 survey, wth some
nodi fications to the sanpling gear and a change in the bait from
Pacific herring (Cupea pallasi) to Atlantic squid (Illex spp.).
Sanpl ed stations were the sane as those used during the Japan-
U. S. cooperative longline survey which has been conducted in the
Qlf of Alaska from 1979 to 1988. In addition, 11 stations were
sanpled in gullies. The nost notable change in abundance during
t he second NMFS survey was the decrease in sablefish and the
increase in giant grenadiers (Al batrossia pectoralis) in the
western Gulf of Al aska. Sablefish relative abundance was the
hi ghest of any species, followed by grenadiers. Sablefish
abundance indices were highest in the 401-600 m depth interval
and grenadiers were nost abundant in 801-1,000 m Those two
speci es accounted for 83.1% of the total relative population
nunber (RPN) and 93.9% of the relative popul ati on wei ght (RPW.
Rockfish (Sebastes al eutianus and S. borealis), Pacific cod
(Gadus nacrocephal us), and arrowtooth flounder (Atheresthes
stom as) together conprised 10.8% and 5.5% of the total RPN and
total RPW
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| NTRCDUCTI ON

Since 1979, annual longline surveys of sablefish (Anopl opona
finbria) and other groundfish species have been conducted
cooperatively by Japan and the United States. Initially the
survey sanpl ed the upper continental slope of the Gulf of Al aska,
but it was later expanded to simlar depths in-the Al eutian
| sl ands region (1980) and in the eastern Bering Sea (1982). This
research was conducted by Japanese and U.S. scientists using
Japanese commercial fishing vessels chartered by the Fisheries
Agency of Japan. The resultant data were anal ysed annually to
estimate the relative abundance of sablefish and ot her groundfish
(Sasaki 1987, Sigler 1987, Wkabayashi and Teshinma 1987, Mto
1987, Sasaki and Teshina 1987).

In 1987 the National Marine Fisheries Service' s (NVFS),

Al aska Fisheries Science Center (AFSC), initiated a sinlar
research programin the Gulf of Al aska using a chartered U.S.
l ongline vessel. The second annual (1988) NMFS |ongline survey
used the sane station pattern, simlar sanpling gear, and was
conducted during the same season as the Japan-U.S. cooperative
longline survey in 1988. In addition, the NVFS longline survey
sanpled 11 stations in gullies adjacent to the upper continental
slope (Figs. la and Ib).

Three objectives guided the 1988 NWFS longline survey. The
first objective was to determne the relative abundance and size
conposition of comercially inmportant groundfish species found on

t he upper continental slope of the @Gulf of Al aska, including
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sabl efi sh, shortspine thornyhead (Sebastol obus al ascanus),
rougheye rockfish (Sebastes al eutianus) and shortraker rockfish
(Sebastes borealis). The second objective was to determne the
rel ative abundance and size conposition of other species caught
during the survey, such as Pacific cod (Gadus macrocephal us),
grenadiers (Macrouridae), arrowtooth flounder (Atheresthes
stomas), and other incidental species. The third objective was
to sanple gullies on the continental shelf to conpare catch rates
and size conpositions fromthese deepwater shelf regions wth the
adj acent sl ope.

The 1988 NMFS | ongline survey was conducted-jointly by two
conponents of the AFSC. the Resource Assessnent and Conservation
Engi neering Division in Seattle, Washington, and the Auke Bay

Laboratory in Juneau, Al aska.

MATERI ALS AND METHODS
Vessel and Gear

Survey operations were conducted aboard the chartered 35 m
longline vessel Prowler. A description of the vessel, equipnent,
and crew conpl enent appear in Sigler and Zenger (1989). A
general i zed diagram of longline gear is shown in Figure 2.

The total length of groundline set each day was 16 km
(8.6 nm). It was conposed of 160 sections of l|ongline gear
call ed skates, tied together; each skate was 100 m (55 fathomns)
| ong and contai ned 45 circle hooks (7,200 hooks total). The
Mustad No. 13/0 circle hooks were attached to 38 cm (15 in)
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gangi ons that were secured to beckets tied into the groundline at
2 m(6.5 ft) intervals. Five neters (16 ft) of groundline were
| eft bare on the ends of each skate. Gangion, becket, and
groundline nmaterials were nediumlay No. 60 braided nylon, medium
IayiNb. 60 thread braided nylon (newer skates contained beckets
of medium lay No. 72 braided nylon), and mediumlay 9.5 nm (3/8
in) CGoldline, respectively. Each end of the groundline was
attached sequentially to 366 m (200 fn) of CGoldline, a 27 kg (60
I b) anchor, 92 m (50 fm CGoldline, a 16 kg (35 I b) piece of chain
(to danpen the effects of wave surge on the buoyline), 92 m of
9.5 mm pol ypropyl ene line, a buoyline made of 183-1,281 m (I00-
700 fm Coldline, and at the surface, a buoy array and flag. The
groundline was weighted with 3.2 kg (7 Ib) lead balls attached
with snaps to the end of each skate. Hooks were baited by hand
wi th chopped squid at a rate of about 5.5 kg (12 Ib) per 100
hooks.

The standard Japanese survey gear was nodified for the U S
survey to nore closely match methods used in the U S. conmerci al
fishery and to adapt to/differences between the Japanese and U. S.
comrercial fishing vessels. The circle hooks used in the NVFS
l ongline survey replaced the "tara" (J-shaped) hooks that were
used in the cooperative longline survey. The US. survey gear
was set in two equal parts laid end to end because the Prow er
did not have a second line hauler to retrieve internmediate
buoylines. On the Japanese vessel used in the cooperative

survey, 160 skates were set in a continuous groundline with
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buoylines, buoy arrays, and flags at each end and two buoylines
and buoy arrays in between.

The 1988 NWMFS | ongline survey incorporated four changes
based on the experience gained fromthe first NVS survey.
First, Atlantic squid (Illex spp.) was used for bait instead of
Pacific herring (Cupea pallasi); second, the gangions were
changed from No. 48 stiff lay braided nylon to No. 60 medium |l ay
braided nylon; third, 3.2 kg |lead balls were snapped on at the
end of each skate of gear instead of a conbination of lead balls
and clusters of seine weights; and fourth, Mustad 13/0 circle

hooks repl aced Eagle Caw No. 7 circle hooks.

Survey Area and QOperations

The upper continental slope fromthe |slands of Four
Mountains (lat. 52°45'N, long. 170°W eastward to Di xon Entrance
(lat. 54°30'N, long. 133°00'W was sanpled at a rate of one
station per day (Fig. la) in 1987 and 1988. These correspond to
station numbers 62-108 of the Japan-U.S. cooperative |ongline
survey (Yoshinmura and Sasaki 1987). In addition, three stations
(nos. 54-56) were sanpled in Shumagin @Qully, four (nos. 48-51) in
Shel i kof Trough, one (no. 57) off Kodiak Island, one (no. 59) in.
Amatuli Qully, one (no. 60) in Spencer CGully, and one (no. 52) in
Omany Trench (Figs. la and | b).

The survey was conducted from6 July to 17 Septenber 1988
and was divided into three legs of 23-24 days each. Leg 1 began

at the Islands of Four Muntains and sanpled eastward to the
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Shel i kof Trough; leg 2 continued the survey eastward to near the
Wgrounds; and leg 3 conpleted the sanple pattern southward to
D xon Entrance (Fig. IDb).

The longline gear was set fromshallow to deep depths and
was retrieved in the sane order, except on infrequent occasions
when the groundline parted or wnd and sea conditions dictated
that it be pulled fromthe opposite direction. Setting and
retrieval began at about 0630 and 0930 hours ADT, respectively,
and retrieval was conpleted at about 1900 hours. Soak tinme

ranged from 3 to 10 hours.

Data Collection

Fi sh species and hook condition were recorded as the
sanpling gear was retrieved. Hook condition was classified as
baited, bare, or ineffective (mssing, broken, or tangled). Tine
and depth in neters were recorded when the first, last, and every
fifth skate cane aboard and al so when depth strata changed, where
strata |1-8 were 0-100 m 101-200 m 201-300 m 301-400 m 401-600
m 601-800 m 801-1,000 m and |,00l-1,200 m respectively.

The | engths of sablefish, Pacific cod, grenadiers,
arrowm ooth flounder, rockfish (Sebastes spp.), and thornyheads
( Sebast ol obus spp.) were nmeasured. Two species, sablefish and
Pacific cod, were sorted by depth stratum before sex and | ength
were determned. Subsanples of sablefish and Pacific cod were
nmeasured when catches were |large; otherwise all fish were

measur ed. Paci fic halibut were not neasured but were counted and




rel eased at the rail.

Anal ytical Methods
Catches were stratified based on the recorded depth of every
fifth skate or the interpolated depth of the intervening four
skates.  The nunber of fish caught per skate for each station was
adjusted for ineffective (e.g., lost or broken) hooks by the

follow ng formul a:

N. = N * 45 ,
45 - M

where Nc is the adjusted nunber of fish caught per skate by
species, N is the unadjusted nunber, Mis the nunber of

i neffective hooks, and 45 is the nunmber of hooks per skate. The
nunber of fish caught per skate was not adjusted for bait |oss.
The average nunber of fish caught per skate or catch-per-unit-
effort (CPUE) was cal cul ated by species fromthe adjusted data
for each stratum of a station. The data for a given skate were
excluded in the CPUE conputation when the nunber of ineffective
hooks was greater than five for that skate.

Rel ative popul ati on nunber (RPN, an index of abundance in
nunbers) for each species or species group were conputed from
CPUE by stratum (Sasaki 1985, @ulland 1969, Quinn et al. 1982).
The RPN val ues were determ ned for each stratum between 201 and
1,000 mand for the five International North Pacific Fisheries

Commi ssion (INPFC) Culf of Alaska statistical areas (Fig. la).
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For depths |less than 201 mor greater than 1,000 m RPN was not
comput ed because those depths were sanpled intermttently. The
CPUE for each stratumof a station was nultiplied by the area
(knmt) of the stratum (Table 1) and the resultant values were
averaged within the INPFC area to obtain an RPN for each stratum
These RPN val ues were summed across strata to derive a total RPN
for each INPFC area and then summed across all |INPFC areas to
calculate a grand total RPN for the GQulf of Al aska.

The abundance indices apply only to the portion of the
species' popul ation resident on the upper continental slope. W
believe that the ranges of adult popul ations of sabl efish,
rougheye and shortraker rockfish, and shortspine thornyhead are
| argel y enconpassed by the survey area. O her popul ations such
as Pacific cod, Pacific halibut, rockfish species other than
rougheye and shortraker rockfish, grenadiers, and arrowtooth
flounder, are distributed over broader regions than those
surveyed and thus are only partially represented in abundance
estimates.

The depth intervals and areas used to calculate RPN for this
survey differ fromthose used to calculate RPN for the Japan-U. S.
cooperative surveys. Estimates fromthe cooperative surveys
(Sasaki 1987, Sigler 1987) included gullies and parts of the
continental shelf, even though only a small fraction of those
regions was surveyed. Thus, the cooperative survey RPN was

apparently overestimated at [00-1,000 m (Sigler 1987).



8

Length frequencies were conputed to exam ne the size
conpositions of each species. Relative population nunmber
adj usted length frequencies (RPN-LF) by stratum and | NPFC area
were conputed for the 201-1,000 mdepth intervals by the
following nethod. For each stratumwthin a station, RPN was
allocated to each centimeter increnent of the length frequency
based on the relative nunber (RPN) of fish caught at that
increment. The resultant RPN-LF by station and stratum was
averaged within the INPFC area to calculate an RPN-LF by stratum
and I NPFC area. For sablefish and Pacific cod at depths of 101-
200 m a catch-per-skate-weighted length frequency (CPUE-LF) was
conputed for each INPFC area by the sane procedure used to
conpute RPN-LF. A CPUE-LF was calculated instead of an RPN-LF
because RPN was not estimated for those depths.

Rel ative popul ation weights (RPW an index of bionmass) were
conputed to assess relative biomasses of sablefish, Pacific cod,
grenadiers, arrowooth flounder, rougheye and shortraker
rockfish, and shortspine thornyheads. For each species, the
appropriate |ength-weight equation (Table 2) was applied to RPN
LF by stratum and | NPFC area to conpute correspondi ng RPW
wei ghted |l ength frequencies. These weighted Iength frequencies
were sunmmred across lengths to calculate an RPWfor each stratum
within an | NPFC area. These RPW were summed across strata to
cal culate an RPWfor each INPFC area and then across | NPFC areas

to calculate a total RPWfor the Gulf of Al aska.



9

Sebastes spp. were tallied as "rockfish" as they came aboard
and were identified to species when their |engths were nmeasured.
As a result, the conputation of RPN-LF and RPWfor rougheye and
shortraker rockfish follows a nodified procedure. W assune al
rockfish at depths greater than 201 m are rougheye and shortraker
rockfish because those two species conprised nearly all (88% of
t he rockfish caught during the survey and were all caught bel ow
200 m  Weighted length frequencies (RPN-LF) were cal cul ated for
rougheye and shortraker rockfish for each station by allocating
the station's rockfish RPN to each centimeter increnment of the
station's length frequency distribution based on the relative
nunbers of each species caught at that increment. The resultant
RPN-LF by station were averaged within each INPFC area to
calculate an RPN-LF by INPFC area. An RPWthen was cal cul at ed
for each species as described above.

The bootstrap method (Efron 1982, Efron and Tibshirani 1986)
was used to conmpute RPN confidence intervals. The nmethod is
simlar to that used by Sigler and Fujioka (1988). For our
application, stations were randomy sanpled wth replacenment
within each INPFC area. A value denoted RPN , where i = INPFC
area and k = species was conputed fromthe CPUE of the sanpled
stations by the nethod of RPN cal cul ati on descri bed above. The
RPN « were sunmed across area to conpute RPNk*, the total for the
Qulf of Alaska. Sanpling with replacenent and the conputation of
the RPN* were repeated 1,000 tinmes producing a bootstrap
distribution of 1,000 RPNk*.
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Ef ron and Ti bshirani (1986) outlined nethods for setting an
approxi mate confidence interval froma bootstrap distribution for
a statistic of interest, here RPNk*. They considered the use of
the sinplest nmethod, the percentile method, to be correct if the
bootstrap distribution of the statistic of interest was described
by a normal distribution. Normality of the bootstrap
distribution was tested using the D Agostino D Test (D Agostino
and Stephens 1986) and in nost cases the null hypothesis of
normal ity was accepted, thus justifying the use of the percentile
met hod. In the remaining cases where the null hypothesis of
nornmality was rejected, the bias-corrected percentile nethod

recommended by Efron and Ti bshirani (1986) was appli ed.

RELATI VE ABUNDANCE AND BI OLOG CAL CONDI Tl ON
Sabl ef i sh

Longline survey catches indicated that sablefish was the
nost abundant species of the groundfish population along the
upper continental slope both in nunbers and weight; the RPN and
RPW for sablefish were 58.5% and 61.4% of their respective totals
for the Gulf of Al aska (Tables 3 and 4). By INPFC area, the
percentage of sablefish was the highest of any species, although
grenadiers closely followed sablefish in terns of RPWin the
Shumagi n and Chiri kof |INPFC areas (Table 4). Sabl ef i sh ranked
first in all depth strata except depths 801-1,000 m where the
percentage (RPN and RPW of grenadiers was slightly higher
(Tables 5 and 6).
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The RPN and RPW for sablefish were largest in the Kodi ak
| NPFC area and smallest in the Southeastern INPFC area (Fig. 3a,
Tables 7 and 8). By stratum the sablefish RPN and RPW were
hi ghest for the internedi ate depths, 401-600 m and 601-800 m and
| onest for the remaining three strata 201-300 m 301-400 m and
801-1,000 m (Fig. 3b, Tables 5 and 6).

The percentages of the overall RPN and RPWattributable to
sabl efish were markedly lower in 1988 conpared with 1987; in
1987 these percentages were 72.0% and 80.0% respectively (Sigler
and Zenger 1989). In conparison, catch rates of grenadiers
increased in 1988 (24.6% expressed as a percentage of the RPN
for the Gulf of Alaska, Table 3) conpared with 1987 (8.53%. The
decreased sabl efish proportion may be due to decreased sabl efish
abundance, increased grenadi er abundance, or an untested bait
effect. The INPFC area with the highest RPN and RPWfor
sabl efi sh changed fromthe Shumagin INPFC area in 1987 to the
Kodi ak | NPFC area in 1988.

Most of the male sablefish (72.6% were nmedi um si zed,
ranging from57 to 66 cmfork length (FL) and nost of the female
sablefish (78.4% were larger than 66 cmFL (Table 9, Fig. 4).
Mre males (5.5% were smaller (less than 57 cm FL) than femal es
(1.9%. The percentage of small nales and fenal es has declined
since 1987, when they were 10.9% and 4.1% respectively (Sigler
and Zenger 1989). For both sexes conbined, the percentage of
| arge fish generally increased with depth, whereas the percentage

of mediumsized fish generally decreased with depth (Fig. 5).
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The length conpositions of fish sanpled in the 101-200 m
depth range from previous Japan-U S. cooperative longline surveys
were used to docunment the relatively strong 1977 and 1980 year
classes; nodes at lengths less than 62 cm FL often were
associated with these two relatively strong year classes (Sigler
and Fujioka 1988). Length conpositions fromthe NMFS | ongline
survey for 1987 and 1988 denonstrated simlar |length nodes in the
Shumagi n, Yakutat, and Southeastern |NPFC areas, suggesting the
presence of a year class which was stronger than the adjacent
year classes and whose nmenbers were growing in length (Fig. 6).
G her reports have suggested that the 1984 year class may be
strong (Sigler 1987, MDevitt 1987, Sigler 1988, Sigler and
Zenger 1989), however the nodal |engths fromthe NMFS |ongline
survey generally were greater than expected for 3-year-old fish
in 1987 and 4-year-old fish in 1988 (MFarlane and Beam sh 1983),
and thus, we are uncertain if they represent the 1984 year class.
Al ternatively, the progression of nodes may be due to changes in
the distribution of fish rather than the growth of fish renaining
in a particular INPFC area.

Compared with the adjacent regions of the upper continental
sl ope, sablefish catch rates were higher for Shelikof Trough
Al batross Bank, Amatuli Qully, and Spencer Qully and | ower for
Shumagin Gully during 1988 (Table 10). These differences were
not significant however (P > 0.10, t-test, Snedecor and Cochran

1967).
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Length frequency distributions for Shelikof Trough and the
adj acent upper slope region were not statistically different
(Fig. 7), whereas length frequencies fromthe other gullies and
Al batross Bank and their respective adjacent upper slope regions
were significantly different (P < 0.05, Kol mogorov-Sm rnov
goodness of fit test, Zar 1984). Large sablefish (> 66 cm FL)
were much | ess abundant in Shumagin Gully conpared with the
adj acent continental slope. The principal |ength frequency node
for Spencer Gully was smaller than that of the adjacent upper
continental slope (Fig. 7). This suggests that in nobst cases

the gully and sl ope popul ations are different.

Shortraker and Rougheye Rockfish

Rockfish was the third nost abundant species group in nunber
and the fourth nost abundant by weight (Tables 3 and 4). Their
RPN and RPWwere hi ghest at depths 201-400 mand in the Shumagi n,
Yakutat, and Southeastern INPFC areas (Fig. 8). Shortraker
rockfish RPWwas al nost twice as high as that of rougheye
rockfish (Table 4). Shortraker rockfish RPWwas greater than
rougheye rockfish abundance in the Shunagin, Kodiak, and Yakut at
| NPFC areas. The difference was especially large in the Yakutat
I NPFC ar ea.

Rougheye rockfish RPWwas al nost twice as high as shortraker
rockfish RPWin 1987, whereas shortraker rockfish dom nated by
weight in 1988. The change from 1987 to 1988 is primarily due to

decreased catches of rougheye rockfish in the Southeastern | NPFC
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area and increased catches of shortraker rockfish in the
Shumagi n, Chirikof, Kodiak, and Yakutat |NPFC areas (Fig. 9). In
1987, the RPN and RPWfor rockfish were highest in the Yakutat
and Sout heastern I NPFC areas (Sigler and Zenger 1989), whereas in
1988, they were highest in the Shunagin, Yakutat, and
Sout heastern | NPFC areas.

Shortraker rockfish were generally larger than rougheye
rockfish (Figs. 10a and b), which helps to explain the striking
differences in their relative bionasses. For both species, sizes
were distributed over a relatively wide range. Shortraker and
rougheye rockfish Iengths ranged from35 to 80 cm FL and from 30

to 60 cm FL, respectively.

Thor nyheads

Thornyheads were a relatively mnor conponent of the survey
catches, conprising 2.8%of the Gulf-wide RPN for all species,
(Table 3) and 0.5% of the RPW (Table 4). Shortspine thornyheads
accounted for alnost all of the thornyhead catch. The RPN and
RPW were highest in the Shumagin I NPFC area and |lowest in the
Sout heastern INPFC area (Tables 3 and 4 and Fig. 11). The
t hornyhead RPN was simlar over the entire range of depths
sanpl ed during the survey except in the deepest stratum 801-
1,000 m where the RPN was sonewhat |ower (Fig. 11). Fish in the
30-40 cm FL category dom nated the thornyhead population in al
| NPFC areas (Fig. 10c).
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Thornyheads conprised 4.3% (Sigler and Zenger 1989) of the
Qul f-wide RPN in 1987 and 2.8% in 1988.

Pacific Cod

This survey did not adequately sanple Pacific cod stocks in
the Gulf of Alaska. During the summer, Pacific cod are comon on
the continental shelf in relatively shallow water, whereas
sanpling occurred nostly on the upper continental slope or in
gullies at depths greater than 200 m  However, catch per unit
effort and size conposition provide indices of abundance and
i nformati on on the biological condition of the stock.

Pacific cod ranked fourth in nunber and third by weight
(Tables 3 and 4). Pacific cod RPN and RPWwere highest in the
Shumagi n INPFC area, about four tinmes as large as in the
Chirikof, Kodiak, and Yakutat INPFC areas (Fig. 12a). Catches of
cod were restricted nostly to depths less than 300 m (Fig. 12b).
The 1988 RPN increased slightly and the RPWrenuai ned the sane
conpared with the 1987 survey. The principal difference was that
t he apparent center of cod abundance shifted nore toward the
Shumagi n | NPFC ar ea.

Mal e and female cod had simlar size conpositions (Figs. 13
and 14). A distinct node at 55 cm corresponding to age 3+
(Niggol 1982), indicated that the 1985 year class had recruited
to the adult population, and that it appeared to be slightly
smal l er than the 1984 year class that recruited during the

previous year (Sigler and Zenger 1989).
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M scel | aneous Speci es

G enadiers were the second nost abundant fish caught in the
survey in terns of both RPN and RPW (Tables 3 and 4). G enadier
RPN was highest in the Chirikof and Shumagin I NPFC areas, low in
the Yakutat |INPFC area, very low in the Southeastern and Yakut at
| NPFC areas, and increased with depth without exception (Fig.

15).  The npbst common grenadi er species was the giant grenadier,
(Al batrossia pectoralis). Another species, Pacific grenadier
(Coryphaenoi des acrolepis), was caught |ess frequently. A node
was present at 30 cmanal vent length (length fromtip of snout
to vent) in the Shumagin, Chirikof, and Kodiak | NPFC areas and at
18 cmand 26 cmin the Yakutat INPFC area (Fig. 16).

The grenadier RPN for the Gulf of Al aska increased by four
times from 1987 to 1988. This group conprised 8.5% of the Qulf-
wi de RPN for all species in 1987, (Sigler and Zenger 1989) and
24.6% in 1988 (Table 5). Goss fluctuations in the apparent
abundance of grenadiers have been observed previously in the
Japan-U. S. cooperative longline survey (Sasaki 1987).

Arrowtooth flounder was the fifth nost abundant species in
terns of RPN and fourth in terns of RPW(Tables 3 and 4) and was
the nost abundant flatfish in the Gulf of Alaska. Both RPN and
RPW were highest in the Shumagin I NPFC area and | owest in the
Sout heastern INPFC area. Fish from50 to 65 cm FL dom nated the
arrowtooth population in the Yakutat, Kodiak and Sout heastern
I NPFC areas (Fig. 17). Mddes were present at 62 cmFL in the
Shumagin INPFC area, 56 and 71 cm FL in Chirikof and Kodi ak | NPFC
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areas, and 60 cmFL in the Yakutat and Sout heastern | NPFC areas
(Fig. 18).

Arrowt ooth flounder conprised, 3.3% of the Gulf-w de RPN for
all species, a slight decrease from 4.6% in 1987. Their depth
distribution did not change fromthat of 1987, whereas their
l ength frequency distributions shifted; the major node was at
70 cm FL in 1987 and 60 cm FL in 1988.

Pacific halibut were the seventh nost abundant species
caught during the survey. This group conprised 1.8% of the
Qulf-wide RPN for all species (Table 3). RPW were not estimated
for Pacific halibut. Pacific halibut were rel eased rather than
haul ed aboard to mnimze handling and injury and as a result no
si ze measurements were taken. The PPNs for Pacific halibut were
simlar in the Shunmaginin Kodi ak, Yakutat, and Southeastern |NPFC
areas (Fig. 19) and was much lower in the Chirikof |NPFC area.
The RPN was greatest at depths 201-300 m(Fig. 19) for all |INPFC
areas; at this depth, Pacific halibut was the fourth nost
abundant species caught. The proportion of Pacific halibut
compared with sablefish expressed in percent was highest at
depths of 201-300 m and it decreased with depth: 1.5% at
201-300 m 0.4%at 301-400 m and it was not present at depths
greater than 400 m

The proportion of Pacific halibut caught was simlar in 1987
and 1988. The percentage of the GQulf-wide RPN attributable to
Pacific halibut decreased only slightly: from2.0%in 1987
(Sigler and Zenger 1989) to 1.8% in 1988 (Table 3).
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Skates (Order Rajifornmes) were a relatively mnor conponent
of the total catch (Table 3) and were not identified to species.
In 1988, skate abundance was simlar to that observed in 1987
Skates conprised 0.4% of the Gulf-wide RPN for all species (Table
5) conmpared with 0.3%in 1987 (Sigler and Zenger 1989). Lengt h
was not recorded for skates, thus no RPWwas cal cul ated. Their
abundance was highest in the Shumagin I NPFC area and at 201-300 m
in depth.

Forty-two other species or species groups were captured
during the survey. Twenty-nine of these actively took the baited
hooks (Table 11). The remaining 13 were incidentally snagged on
the bottomor in the water colum and include jellyfishes, sea
anenones, tubeworns, sponges, sea cucunbers, Al aska false
jingles, skate egg cases, sea pens, sea squirts, scallops, coral

and fucus.
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Table 1.--Area (knt) of the upper continental slope of the GQulf of Al aska by
International North Pacific Fisheries Conmission (INPFC) statistical
area and depth.

INPFC Statistical Area

Depth (m) Shumagin Chirikof Kodiak Yakutat Southeastern
201-300 2,737 1,533 1,626 1,494 891
301-400 1,264 817 1,480 1,494 891
401-600 2,269 1,766 2,255 1,666 822
601-800 1,629 1,955 1,923 1,470 1,006
801-1,000 - 1.248 2.012 2.296 1.489 1,165
201-1,000 9,147 8,083 9,580 7,613 4,775

Sources :  Shummgin, Chirikof, and Kodiak |NPFC areas and Yakutat |NPFC area
from long. 147" to long. 144": E. Brown, Al aska Fisheries Science Center,
RACE Division, 7600 Sand Point Way NE., BIN C15700, Seattle, WA 98115, Pers.
commun., 1985. Yakutat INPFC area from long. 144" to long. 135" and

Sout heastern INPFC area: R Haight, Alaeka Fisheries Science Center, Auke Bay
Laboratory, 11305 d acier H ghway, Juneau, AK 99801-8626, Pere. commun., 1986.

Table 2.--Length-weight paranmeters used to calbcul ate relative popul ation
weight with the relationship, W= alL". Length is expressed in
centineters and weight is expressed in kil ograns.

Species a b

Sablefish 2.99 X 10°° 3.30
Pacific cod 3.06 X 10°® 3.21
Giant grenadiers 7.20 X 107 2.54
Arrowtooth flounder 3.46 X 10°° 3.16
Rougheye rockfish 6.41 x 10°° 3.17
Shortraker rockfish 1.31 x 10°¢ 3.42
Shortspine thornyhead 5.49 X 10°° 3.14

Sources: Sablefish from Sasaki (1985). Giant grenadiers from Sasaki, Far
Seas Fisheries Research Laboratory, 1000 Orido, Shimizu 424, Japan. Pers.
commun., 1987. The length-weight relationship for giant grenadiers was
applied to both species of grenadiers. Remaining species from E. Brown,
Alaska Fisheries Science Center, RACE Division, 7600 Sand Point Way NE., BIN
C15700, Seattle, WA 98115. Pers. commun., 1987.
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Table 3.--Relative popul ation nunber (RPN) eummed by International North
Pacific Fisheries Conm eeion (INPFC) statistical area and expressed
as percentage of the total Gulf of Alaska RPN. SF = sabl efish,

PC = Pacific cod, GR = grenadiers, HB = Pacific halibut,
ATF = arrowtooth flounder, RF = rockfish, TH = thornyheads,

SK = skateB, OS = other species. NMS longline survey, 1988.
INPFC Area SF PC GR HB "ATF RF TH SK os
Shumagin 11.7 2.0 8.0 0.5 1 1.0 1.2 0.1 0.2
Chirikof 12.3 0.4 8.8 0.2 0.7 0.3 0.5 0. 0.2
Kodiak 15.3 0.5 .2 0 0.9 0.7 0.5 0. 0.4
Yakutat 10.8 0.5 2.2 4 0.6 1.2 .4 0.1 0.2
South-
easgtern 8.4 0.1 0.4 0.4 0.2 0.8 0.2 0.0 0.2
Gulf of )
Alaska 58.5 3.5 24.6 1.8 3.3 4.0 2.8 0.3 1.2
Table 4.--Relative popul ation weight (RPW summed by International North

Pacific Fisheries Commssion (INPFC) statistical area and expressed
as a percentage of the total Gulf of Alaska RPW SF = sablefish,
PC = Pacific cod, GR = grenadiers, ATF = arrowtooth flounder,

RNF= rougheye rockfish, SRF =shortraker rockfieh,

TH = thornyheade. NWFS longline survey, 1988.
INPFC Area SF PC GR ATF RRF SRF TH
Shumagin 12.0 1.2 10.2 0.4 .1 0.2 0.2
Chirikof 12.8 0.2 12.6 0.4 .1 0.1 0.1
Kodiak 15.4 0.2 6.9 0.4 .1 .2 0.1
Yakutat 11.6 2.3 0.3 .2 .6 0.1
South-
eastern 2.6 0.1 0.8 0.1 0.3 0.1 0.0
Gulf of ‘
Alaska 61.4 32.5 1.6 0.7 1.2 0.5
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Table 5.--Relative popul ation nunber (RPN) summed by depth stratum and
expressed as a percentage of the RPN for the GQulf of Al aska.
SF = sablefish, PC = Pacific cod, GR = grenadiers, HB = Pacific
RF = rockfish, TH = thorny-

hal i but, ATF = arrowtooth flounder,

heads, SK = skates, OS = other species. NWFS longline survey,

1988.
Depth (m) SF PC GR HB ATF RF TH SK oS
201-300 9.1 3. 0.1 1.6 2.2 0.8 0.6 0.2 0.5
301-400 6.8 0.1 1.6 0.3 .9 2.5 0.6 0.1 .1
401-600 17.2 .0 5.5 0.0 .1 0.5 0.7 - .1
601-800 15.3 0.0 7.2 0.0 .0 .0 0.6 0.0 .0
801-1,000 10.1 0.0 10.3 0.0 0.0 0.1 0.3 0.0 0.4

Table 6.--Relative popul ati on weight (RPW summed by depth stratum and
expressed as a percentage of the RPWfor the Qulf of Al aska.
SF = eablefieh, PC = Pacific cod, GR = grenadiers, ATF = arrow

tooth flounder, RRF = rougheye rockfish,~ SRF = shortraker rock-

fieh, TH = thornyheade. NVFS | ongline Burvey, 1988.
Depth (m) SF PC GR ATF RRF SRF TH
201-300 8.7 2.0 0.1 1.1 0.1 0.3 0.1
301-400 6.3 . 1.9 0. 0.5 0.8 0.1
401-600 18.0 0.0 7.1 0.1 0.1 1 0.1
601-800 16.9 0.0 9.9 0.0 .0 .1
801-1,000 11.5 0.0 13.6 0.0 0.0 0.0 .1




Table 7.--Relative population nunber
statistical
HB =

Paci fic halibut,

by species, Internat
area and depth stratum SF = sablefish,
ATF = arrowt oot h flounder

i ona

North Pacific Fisheries Conmmi ssion (INPFC)
PC = Pacific cod, GR = grenadiers
RF = rockfish, TH = thornyheade

SK = skates

0S = other species. Listed below each total RPN are the lower (L) and upper (0) 95% confidence
intervals. NWMFS longline survey, 198B
Specri es
Depth (m) SF PC GR HB ATF RF TH SK os
Shumagin INPFC Area
201-300 20,783 14,027 87 3,239 4,975 2,551 2,390 783 584
301-400 10,922 58 6,151 301 1,806 3,470 1,428 142 244
401-600 29,692 0 17,589 7 376 706 1,645 34 1917
601~800 15,719 0 19,877 0 7 10 1,541 45 30
801~1,000 1.04% ] 13,853 — 90 —20 —498 1.412 —20 —30
Total 84,161 14,085 57,558 3,547 7,165 7,234 8,416 1,003 1,085
Chirikof INPFC Area
201-300 20,883 3,024 ] 978 3,718 194 504 55 722
301-400 10,649 0 2,884 119 983 1,957 504 80 84
401-600 25,830 0 12,358 11 160 76 1,137 9 301
601-800 26,086 0 18,977 0 66 0 1,416 11 s
801-1,000 _5,185 — 9 29.544 —9 — 0 —20 —90 —9 — 503
Total 88,632 3,024 63,763 1,108 4,927 2,227 3,560 155 1,645
Kodiak INPFC Area
201-300 13,694 3,489 0 2,174 4,443 796 407 210 220
301-400 11,162 28 2,024 664 1,753 3,732 823 107 88
401-600 30,596 87 7,692 12 160 234 1,156 10 i3
'601-800 26,860 0 8,707 ] 4 0 990 0 96
801-1,000 _28,279 0 18,906 — 0 — 0 — 0 —4u -0 2.403
Total 110,591 3,604 37,328 2,850 6,360 4,763 3,807 328 2,840

ve



Table 7.--Continued

Species 7
Depth (m) SF PC GR HB ATF RF TH SK 0s
Yakutat INPFC Area
201-300 7,039 3,177 314 2,352 2,253 1,613 658 342 816
301-400 9,100 183 284 454 1,520 5,416 1,029 120 281
401-600 24,855 83 1,894 16 236 1,470 555 33 31
601-800 23,747 0 3,663 0 6 125 401 o 19
801-1,000 13,482 — 0 9,861 0 — 0 — 179 —393 -0 — 21
Total 78,223 3,443 16,016 2,822 4,014 8,702 3,036 494 1,168
Southeastern INPFC Area
201-300 3,114 978 0 2,745 637 403 346 117 1,127
301-400 7,133 95 6 384 448 3,811 238 51 373
401-600 13,052 0 123 11 86 1,310 438 17 18
601-800 18,242 0 491 2 19 109 253 17 27
801-1,000 19,210 __ 9 2,301 — 0 — 0 —174 254 -] — 33
Total 60,752 1,073 2,922 3,142 1,188 5,807 1,529 208 1,578
) Gulf of Alaska

201-300 65,513 24,695 401 11,488 16,026 5,557 4,304 1,507 3,469
301-400 48,966 364 11,349 1,923 6,510 18,386 4,022 500 1,069
401-600 124,026 169 39,656 57 1,018 3,796 4,931 103 579
601-800 110,653 , 0 51,714 2 101 ) 243 4,600 73 207
800-1,000 _73,202 0 14,465 0 0 131 —2.491 — 5 2,990
Total 422,359 25,228 177,586 13,470 23,655 28,733 20,348 2,188 8,315
L 391,768 17,172 131,731 10,666 19,061 22,543 16,668 - 4,742

449,516 34,194 195,773 16,561 29,235 34,702 24,626 - 15,151

- u

Total RPN for all species combined is 721,882.

" A bootstrap confidence interval could not be calculated because the bootstrap distribution was multimodal.

¢
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Table 8.--Relative population weight (RPW by species, International North
Pacific Fisheries Conmission (INPFC) statistical area, and depth
stratum SF = sablefish, PC = Pacific cod, GR = grenadiers,

ATF = arrowtooth flounder, RRF = rougheye rockfish, SRF = shortraker
rockfish, TH = thornyheade. NMFS longline survey, 1988.

Depth (1M SF PC R ATF RRF SRF TH

Shumagin INPFC Area

201-300 58,765 27,235 373 7,102 719 1,924 1,332
301-400 33,477 229 20,614 2,592 2,081 2,296 8459
401-600 103,138 0 65,479 535 234 550 955
601-800 57,697 o] 88,651 10 7 7 774
801-1,000 _25,58% 0 61,765 0 __158 294 744
Total 278,662 27,464 236,881 10,239 3,198 5,070 4,655

Chirikof INPFC Area

201-300 63,560 5,662 0] 6,300 158 115 279
301-400 34,848 0 13,877 1,704 1,007 2,344 276
401-600 86,365 0 59,266 278 20 118 603
601-800 89,923 0] 87,792 132 0 0] 807
801-1,000 20,942 -0 130,723 — 0 (4] Q — 0
Total 295,637 5,662 291,658 8,414 1,186 2,574 1,965

Kodiak INPFC Area

201-300 43}981 5,709 0 7,091 47% 771 189
301-400 34,401 7 8,781 2,683 2,175 3,755 408
401-600 95,341 o] 32,630 273 75 388 556
601-800 91,176 0 38,053 6 0 0 500
801-1,000 _92,747 0 81,169 0] (¢) 0 200
Total 357,646 5,716 160,633 10,053 2,729 4,914 1,853

Yakutat INPFC Area

201-300 24,858 6;113 998 3,502 592 2,817 370
301-400 18,247 82 952 2,385 2,390 8,056 535
401-600 85,983 ¢ 6,565 380 727 © 2,005 291
601-800 85,137 ¢] 12,387 9 43 189 217

801-1,000 _53,111 0 31,791 90 30 — 114 —214
Total 267,336 6,195 52,694 6,276 3,782 13,181 1,627
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Tabl e 8.--Continued.

Depth (m) SF PC GR ATF RRF SRF ‘ TH

Southeastern INPFC Area

201-300 10,634 2,047 0 1,005 359 273 175
301-400 24,968 139 24 730 3,782 1,644 133
401-600 45,231 0 481 132 1,488 382 338
601-800 67,327 0 1,839 29 114 37 176
801-1,000 _73,397 —20 _8.438 —0 —173 —11 171
Total 221,556 2,186 10,802 1,896 5,917 2,414 993

Gulf of Alaska

201-300 201,797 46,767 1,371 24,999 2,307 5,901 2,344

301-400 145,941 456 44,248 10,09S 11,435 18,096 2,202
401-600 416,058 0 164,421 1,598 2,545 3,439 2,743
601-800 391,260 0 228,723 186 164 233 2,474

801-1,000_265,781 __ 0 313,905 ___ Q0 __ 36l __486 _1,328
Total 1,420,837 47,223 752,667 36,878 16,812 28,154 11,092

Total RPW for all species combined is 2,313,663.
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Table 9.--Sabl efi sh commercial size conposition percentage for RPN-wei ght ed
[ ength frequencies by Internhtional North Pacific Fisheries
Conmi eei on (I NPFC) etatietical area, depth stratum and sex. NWFS
| ongline survey, 1988

Fork length South- Gulf of
(cm) Shumagin Chirikof Kodiak Yakutat eastern Alaska

201-300 m, males

<57 cm 14.1 3.7 3.1 7.5 8.5 6.5
57-66 cm 76.5 44.1 8l.2 56.6 66.7 60.8

>66 cm 9.4 52.2 15.8 36.0 24.8 32.7

201-300 m, females

<57 cm 4.2 1.2 2.7 4.0 3.0 2.7
57-66 cm 54.6 29.6 23.6 15.2 20.1 34.1
>66 cm 41.2 €9.2 73.7 80.8 77.0 63.2

301-400 m, males

<57 cm 7.3 2.4 5.0 5.2 3.6 4.8
57-66 cm 76.8 77.7 79.7 70.2 76.5 76.9
>66 cm 15.9 19.9 15.3 24.6 19.9 18.2

301-400 m, females

<57 cm 2.8 0.5 3.0 2.0 1.5 2.0
57-66 cm 37.0 29.7 20.1 18.0 l6.8 25.8
>66 cm 60.1 €9.8 77.0 80.0 81.8 72.3

401-600 m, males

<57 cm 4.4 3.6 8.7 7.6 3.5 6.0
57-66 cm 72.3 78.5 79.9 75.7 83.0 77.5

>66 cm 23.3 17.9 11.4 16.7 13.5 16.5

401-600 m, females

<57 cm 0.5 1.0 4.7 3.9 1.2 2.3
57-66 cm 19.7 21.1 20.2 13.9 14.7 18.4
>66 cm 79.8 77.9 75.1 82.2 84.2 79.3

601-800 m, males
<57 cm 5.1 4.5 6.6 7.7 4.9 5.8
57-66 cm 69.6 76.8 77.3 76. 73.7 75.4
>66 cm 25.3 18.8 16.0 16.0 21.4 18.8

w
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_ South- Gulf of
Length Shumagin Chirikof Kodiak Yakutat east Alaska

601-800 m, females

<57 cm 0.3 1.3 2.4 3.4 1.5 1.9

57-66 cm 15.4 20.0 18.0 11.8 12.6 15.8

>66 cm 84.2 78.7 79.6 84.8 85.9 82.3
801-1,000 m, males

<57 cm 1.9 0.0 2.6 4.0 2.4 2.5

57-66 cm 92.5 0.0 70.8 72.5 67.8 €67.0

>66 cm 5.6 100.0 26.6 23.5 29.7 30.5
801-1,000 m, females

<57 cm 4.4 0.0 0.0 0.6 0.2 0.7

57-66 cm 8.0 0.0 12.0 10.7 8.6 9.5

>66 cm 87.6 100.0 88.0 88.7 91.2 89.8
201-1,000 m, males

<57 cm 7.1 3.7 6.2 7.0 3.8 5.5

57-66 cm 74.4 63.9 78.1 73.5 74.1 72.6

>66 cm 18.5 32.4 15.7 19.6 22.1 21.9
201-1,000 m, females

<57 cm 2.1 1.0 2.4 2.9 1.1 1.9

57-66 cm 28.8 23.1 17.8 13.0 12.6 19.7

>66 cm 69.1 75.9 79.8 84.1 86.3 78.4
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Table 10.--Sablefish catch rates (sablefish per 100 hooks) for gullies and
adj acent upper continental slope regions. NWS longline survey,
1988.

Depth Mean Standard Station
Region (m) catch rate deviation numbers
Shumagin Gully 201-300 31.5 - 54
Adjacent slope 201-300 43.8 6.4 11-13
Shelikof Trough 201-300 24.1 3.1 48-51
Chirikof slope 201-300 20.1 4.3 14-17
Albatross Bank 201-400 10.5 - 57
Adjacent slope 201-400 9.7 - 19-20
Amatuli Gully 201-300 31.7 - 26,59
Adjacent slope 201-300 18.5 2.0 23-25,27-28
Spencer Gully 401-600 45.7 - 60

Adjacent slope 401-600 40.6 3.0 37-39




Tabl e 11.--%pecies captured infregently during
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the @l f of Al aska

the 1988 NMFS |ongline survey

Common
Nane

Nunber of
Cccurrences

Scientific
Nane

Spiny dogfish

Yellow Irish lord

Li ngcod

Wl | eye pol | ock
Unidentified starfish
Dover sole

Uni dentified scul pins
Fl at head sole

\Weat hervane scal | op
True tanner crab
Pacific flatnoee
Unidentified brittlestare
Unidentified snails
Rock sole

G ant wynouth

Uni dentified basketetars
Cct opus

Pacific sleeper shark
Sear cher

Spi nyhead scul pin
Spotted ratfish

Coho sal non

Bl ue shark

Broad snow crab

Chum sal non

Darkfin ecul pin
Unidentified greenling
Paci fic ponfret

404
112
91
75
72
7
43
36
23
22
18
17
17

[EEN
N

P NN W PR ool o 1 00 O

Squal us acant hi as
Hemi | epi dot us jordan
Ophi odon el ongat us
Theragra chal cogramma
Aet er oi dea

M crostonus pacificus
Cotti dae

Hi ppogl ossoi des el assodon
Pat i nopect en caurinus
Chi onoecet es tanneri
Antinmora mcrolepis
Ophi ur oi dea

Gaet ropoda

Lepi dopsetta bilineata
Del ol epi s gigantea
Gor gonocephal usspp
oct opus spp.

Somni osus pacificus
Bat hynast er si gnatus
Dasycottus setiger
Hydr ol agus col li ei
Oncor hynchus ki sutch
Prionace gl auca

Chi onoecetes baird
Oncor hynchus keta

Hal acocott us zonurus
Hexagr ammi dae

Brana | aponica
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equi pment. Adapted from drawings by Charles R Htz, Al aska Fisheries
Science Center, Resource Asseesnment and Conservation Engineering
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Figure 3.--Sablefish relative population numbers for the upper continental
slope of the Gulf of Alaska by: (a) International North Pacific
Fisheries Commission (INPFC) statistical area and (b) depth stratum.
Stratum codes: 3 = 201-300 m, 4 = 301-400 m, 5 = 401-600 m,
6 = 601-800 m, 7 = 801- 1,000 m. National Marine Fisheries
Service longline survey, 1988.
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Figure a.--Sablefish length frequencies weighted by relative population number of males (- )
and females (-). for the upper continental slope of the Gulf of Alaska, by Inter-
national North Pacific Fisheries Commission statistical area and depth stratum,
Vertical dotted lines delineate small, medium, and large commercial sizes.
National Marine Fisheries Service longline survey, 1988.
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Figure 5.--Percent of sablefish relative population number (RPN) by commercial
size category for depth intervals 3-7. Small-sized sablefish are less
than 57 cm fork length (FL); medium sablefish are 57-66 cm FL; and
large sablefish are greater than 66 cm FL. Stratum codes: 3=201-300
m, 4=301-400 m, 5=401-600 m, 6=601-800 m, and 7=801-1,000 m.
National Marine Fisheries Service longline survey, 1988.
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Figure 6.--Length frequencies of: (a) male sablefish and (b) female sablefish,
weighted by catch per unit effort (CPUE), for the 101-200 m depth
interval on the outer continental shelf of the Gulf of Alaska, by
International North Pacific Fisheries Commission statistical area.
National Marine Fisheries Service longline surveys, 1987 (-) and
1988 (-).
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Figure 7.--Sablefish length frequencies from: (a) Shumagin Gully, 201-300
m, (b) Shelikof Trough, 201-300 m, (c) Albatross Bank, 201-400
m, (d) Amatuli Gully, 20 1-300 m, and (e) Spencer Gully, 401-
600 m (--); and equivalent adjacent upper continental slope

depths (-..). National Marine Fisheries Service longline survey,
1988.
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Figure 8. --Combined rougheye and shortraker rockfish relative population

numbers for the upper continental slope of the Gulf of Alaska

by: (a) International North Pacific Fisheries Commission (INPFC)
statistical area, and (b) depth stratum. Depth stratum codes:
3=201-300 m, 4=301-400 m, 5=401-600 m. 6=601-800 m, and
7=801- 1,000 m. National Marine Fisheries Service longline survey,
1988.
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(INPFC) statistical area. National Marine Fisheries Service longline
surveys, 1987 and 1988.
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Figure 10.--Length frequencies of: (a) rougheye rockfish, (b) shortraker rockfish,
and (c) thornyheads. weighted by relative population number, for the
upper continental slope of the Gulf of Alaska, by International North

Pacific Fisheries Commission statistical

Service longline survey, 1988.
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Figure 10.--Continued.
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11. - -Thornyhead (Sebaslolobus spp.) relative population numbers for the
continental slope of the Gulf of Alaska by: (a) International North
Pacific Fisheries Commission (INPFC) statistical area and (b) depth
-stratum. Stratum codes: 3=201-300 m, 4=301-400 m, 5=401-600 m,
6=601-800 m, 7=801- 1,000 m. National Marine Fisheries Service
longline survey, 1988.
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--Pacific cod relative population numbers for the upper continental

slope of the Gulf of Alaska by: (a) International North Pacific

Fisheries Commission (INPFC) statistical area and (b) depth stratum.

Stratum codes: 3=201-300 m, 4=301-400 m, 5=401-600 m,

6=601-800 m, 7=801- 1,000 m. National Marine Fisheries Service

longline survey, 1988.
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Figure 13.--Pacific cod length frequencies weighted by relative population number
of males (-. .) and females (-), for the upper continental slope of the
Gulf of Alaska, by International North Pacific Fisheries Commission
statistical area. National Marine Fisheries Service longline survey, 1986.
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longline survey, 1988.
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--Grenadier relative population numbers for the upper continental
slope of the Gulf of Alaska by: (a) International North Pacific
Fisheries Commission (INPFC) statistical area and (b) depth stratum.
Stratum codes: 3=201-300 m, 4=301-400 m, 5=401-600 m,
6=601-800 m, 7=601- 1,000 m. National Marine Fisheries Service
longline survey, 1988.
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Figure 17.--Relative population numbers of arrowtooth flounder for the upper
continental slope of the Gulf of Alaska by: (a) International North
Pacific Fisheries Commission (INPFC) statistical area and (b) depth
stratum. Stratum codes: 3=201-300 m, 4=301-400 m, 5=401-600
m, 6=601-800 m, and 7=801-1,000 m. National Marine Fisheries
Service longline survey, 1988.



Relative

population number (RPN)

53

600 - Shumagin Yakutat

500 - ]
400 - | :
300 4 | ]
1200 A ]

100 A y

600 - Chirikof . Southeastern
500 - .
400 4 i
300 - -

200 - ]

e - /\J\/\NJ\\/\

600 Kodiak 1500 All areas

500 1 | 1200

400 -
900 -

300 4

600 -
200 -

100 - 300 A

O A I\I T T T T - o T T T T 1 1

30 40 50 60 70 80 90 30 40 50 60 70 80 90
Fork length (cm)

Figure 18.--Arrowtooth flounder length frequencies weighted by relative population
numbers, for the upper continental slope of the Gulf of Alaska, by
International North Pacific Fisheries Commission statistical area.
National Marine Fisheries Service longline survey, 1988.
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lg.--Relative population numbers of Pacific halibut for the upper

continental slope of the Gulf of Alaska by: (a) International North
Pacific Fisheries Commission (INPFC) statistical area and (b) depth
stratum. Stratum codes: 3=201-300 m, 4=301-400 m, 5=401-600 m,
6=601-800 m, and 7=801- 1,000 m. National Marine Fisheries Service
longline survey, 1988.
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Figure 20.- -Relative population numbers of skates (Rajiidae) for the upper

continental slope of the Gulf of Alaska by: (a) International North
Pacific Fisheries Commission (INPFC) statistical area and (b) depth
stratum. Stratum codes: 3=201-300 m, 4=301-400 m, 5=401-600
m, 6=601-800 m, 7=801-1,000 m. National Marine Fisheries Service
longline survey, 1988.
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