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Introduction

The International Sablefish Symposium is the second in the Univesity of
Maska's Lowell Wakefield Fisheries Symposiz Series. The first in the
series was the International Symposium en the Genus Chionoecetes held in
May 1982,

The sablefish (Bnoplopoma fimbria) is becoming commercially mere
important although relatively Tittle is known about its biclegy. In
order to properly manage the species, available knowledge needs to be
gathered and areas for future research need to be identified. This
symposium provided the forum for reporting available information in the
five technical sessions. In addition, two workshops were held; one on
Stock Assessments of the Future and the other on the Need for Future
Tagging Studies.

This proceedings includes the technical papers presented. An appendix

containing the summaries of the two workshops will be published as soon
as preparatior of the material is completed.
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Management strategies for the
sablefish fishery off the coast of Alaska

Jeffrey Povolny
North Pacific Fishery Management Council
Anchorage, Alaska, U.S.A.

Sablefish off the coast of Alaska in the U.5. Fishery Conservation
Zore (3-200 miles} are managed under two groundfish fishery manage-
ment plans (FMP) developed by the North Pacific Fishary Management
Council {Council), and approved and implemented by the Secretary of
Commerce under the provisions of the Magnuson Fishery Conservation
and Management Act of 1876 (16 U.5.C. JB07 et seq.).

Both FMPs are designed to achieve the follewing broad goals in order
to meet the reguirements of the Magnuson Act:

1.  Promote conservation while providing for the cptimum yield
from the Region's groundfish resource in terms of: providing
the greatest overall benefit to the nation with particular
reference to food production and recreational opportunities;
avoiding irreversible or Tong-term adverse effects on fishery
resources and the marine environment; and insuring availability
of a multiplicity of options with respect to the future uses of
these resources.

2. Promote, where possible, efficient use of the fishery
respurces but not solely for economic pruposes.

3. Promote fair and equitable allocation of identified avail-
able resources in a manner such that ne particular group
acquires an excessive share of the privileges.

4. Base the plan on the best scientific information avail-
able.

98]



In this context, the term "optimum yield" is generally considered to
be a quota, which s prescribed as such on the basis of the maximum
sustainable yield for the fishery, modified by any relevant eco-
nomic, social, or ecological factors. Although "maximum sustainable
yield" is not defined in the Magnuson Act, it is defined in the FMPs
as an average, over a reasonable length of time, of the largest
catch which can be taken continuously from a stock under current
environmental conditions.

In the management regime af each groundfish FMP, there are four
objectives which the groundfish management strategies are to ful-
fil1l. In order of priority, they are:

1. Provide for rational and optimal use, in a biological and
sociceconomic sense, of the region's fishery resources as a
whiole -

2. Minimize the impact of groundfish fisheries on prohibited
species and continue the rebuilding of the Pacific halibut
TRIoUrce;

3. Provide for the opportunity and orderly development of
domestic groundfish fisheries, consistent with (1) and (2)
above; and

4. Provide for foreign participation in the groundfish
fishery; consistent with the three objectives above, to take
the portion of the . . .[quotal. . . not utilized by domestic
fishermen.

Additionally, the Council has specified that in the Guif of Alaska,
the objective of the sablefish management regime is to promote the
development of the domestic sablefish fishery Gulf-wide. Sablefish
is the only groundfish for which there is a specific management
objective.

Variogus management strategies to fulfill the above cbjectives are in
effect for the sablefish resource off Alaska. These include time/
area closures, gear restrictions, and quotas.

Although these same strategies are in effect for all groundfish
managed under the FMPs and their effect in another groundfish
fishery may carry over to the sablefish fishery, I will only discuss
them in terms of their direct effect on the sablefish fishery and
resource.

Quotas

The most impertant strategy in terms of its effect on the fishery
and resource is the establishment of quotas, or OY. Due to the
depressed condition of the sablefish resource in the Bering Sea/
Aleutian Islands area and in the Gulf of Alaska, OY has been set
below the current equilibrium yields (FY) to promote stock rebuild-
ing. Current EYs and 0Ys are shown in Table 1. This strategy is
designed to fulfill the broad goal of promoting conservation, and
the objective of promoting domestic fishery development.

FEy



Sablefish QY¥s are distributed to specific areas of the Bering Sea-
North Pacific areas. Figure 1 shows the areas in the Gulf of Alaska
and the Bering Sea/Aleutian Islands area. The distribution is based
on past resource assessment surveys (example, Low, 1977), the impres-
sion that sablefish are not particularly migratory (Wespestad, et
al., 1978), and that 0OYs for different areas weuld prevent over-
fishing on localized stocks by distributing fishing effort.

In the Bering Sea/Aleutian Islands area, the Western and Central
Gulf of Alaska, and in the West Yakutat area, the sablefish OY is
apportioned between the domestic and foreign fishery. The domestic
fishery has priority to the resource. The domestic apportionment is
divided into fish caught by U.S. fishermen and processed by U.S.
processors (DAP) and fish caught by U.§. fishermen and processed by
foereign processors (JVP). DAP has priority over JVYP. In additon,
20% of the O0Y in the Gulf of Alaska and 10% of the OY in the Bering
Sea/Aleutian Islands is withheld as a reserve for unexpected
domestic fishery expansion. Table 2 shows current estimates of DAP,
JYP, Reserves, and the allowable level of foreign fishing, TALFF.
There is no faveign fishing for sablefish in the East Yakutat and
Southeast araas.

Gear Restrictions

There are gear restrictions in the sablefish fishery for both
foreign and U.S. fishermen. Foreign fishermen may use only longline
gear for directed sablefish fishing in all waters off Alaska.
Sablefish may be taken incidentally to other directed fishing by
foreign trawlers

The Council has amended the domestic management regime to prohibit
the use of sablefish pots east of 140°W longitude to Cape Addington.
As of this writing, this regulation has not been approved by the
Secretary of Commerce and is not yet in effect.

Time/Area Closures

There are no established time/area closures for the domestic sable-
fish fishery. The Council has written emergency closure authority
for conservation reasons into the FMPs. This authority was used to
close the domestic sablefish fishery in the Southeast area in 1982
when the quota had been caught bDefore the end of the fishing year
(January 1 to December 31), and in “983 to close the East Yakutat
and Southeast areas.

There are a number of time/area closures in the waters off Alaska
applicable to the foreign fisheries. Most of these apply to the
foreign trawl fisheries. A1l of them are designed {o either control
the foreign incidental catch of prohibited species (Pacific halibut,
Tanner crab, king crab, salmonids) or to separate the U.5. and
foreign fleets during the U.$. halibut or crab fisheries.

Only the prohibition on foreign fishing East of 140°W longitude is,
in part, specifically to prevent foreign sablefish fishing in the
area. figures 2 and 3 show the foreign fishery time/area closures
in the waters off Alaska.



Effectiveness of Management Strategies

A reading of the geals of the FMP, the objectives of the groundfish
management regime, and the sablefish management objective clearly
shows that the Council {is committed to U.S. domination in the sable-
fish fishery off Alaska

It is difficult to ocbjectively assess the success of sablefish
management strategies in fulfilling this commitment, and an in-depth
analysis is outside the scope of this presentation. However, if the
extent of the U.S. participation in the sablefish fishery is
examined, shown in Table 3 as percent of total harvest, it appears
that in the Gulf of Alaska the U.S. share has remained fairly stable.

In order for the sabiefish resource to be fully utilized by the U.S.
fishery, it may be necessary to consider other management strategies
than those presented here. MNew information on the growth, natural
mortality, reproductive capacity, and stock structure-migration will
help to fashion those strategies. It will also be necessary to know
more about the market structure and the economics of the sablefish
fishery.

Table 1
Sablefish Equilibrium Yield (EY) and Optimum Yield (oY)

Area EY oY
Bering Sea 4,200 mt 3,500 mt
Aleutian Islands 1,800 1,500
Western Gulf of Alaska 3,737 2,100
Ceptral Gulf of Alaska 6,838 3,800
West Yakutat 3,760 1,680
fast Yakutat 1,135-1,510 850-1,135
Southeast”® ¥,290~2 ,580 970-1,435

*Includes State of Alaska waters

Sources:

Resource Assessment Document for Bering Sea-Aleutian
Islands Groundfish, unpl. manuscript, North Pacific
Fishery Management Council, July 1983

Stauffer, Gary D., unpl. manuscript, Draft of
1983 I.N_P.F.C. Report

North Pacific Fishery Management Council, 1983



Table 2
Apportionment of Sablefish OY in 1983

Area oy DAP JVP Reserves  TALFF
Bering Sea 3,500 mt 500 200 350 2,450
Aleutian Islands 1,500 500 200 150 650
Western Gulf of Alaska 2,100 100 170 420 1,410
Central Gulf of Alaska 3,800 1,000 220 760 1,820
West Yakutat 1,680 530 0 233 814
East Yakutat B850-1,135 850-1,135 -- - --
Southeast 970-1,435 970-1,435 -- -- --
Source: MNorth Pacific Fishery Management Council, 1983
Table 3
Recent Foreign and U.5. 5ablefish Harvests off Alaska (MT)
1977 1978 1979 1980 1581 1582
Bering Sea/
Aleutian
U.s. 0] 0 0 44 180 315
Foreign 3826 1960 2170 2438 2955 2698
TOTAL 3826 1960 2170 2482 33135 3003
% U.S. 0 0 0 1.8 5.7 10.5
Gulf of Alaska
U.s. 1676 2590 3344 3149 2547 2756
Foreign 15,446 6350 5882 5193 7216 4817
TOTAL 17,122 8940 9226 8342 9763 7573
% U.S. 9.8 29.0 3.2 37.7 26.1 36.4

Sources:

Resource Assessment Document for Bering Sea-Aleutian Islands Ground-
fish, unpl. manuscript, MNorth Pacific Fishery Management Council,

July 1983

Nelson, R., et al., 1983, "Summary of Provisional Foreign and Joint
¥Yenture Groundfish Catches {(metric Tons} in the Northeast Pacific

Ocean and Bering Sea, 1

982
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Overview of the fishery and management
strategy for sablefish (Anoplopoma fimbria) off
the west coast of Canada

Gordon A. McFarlane

Richard J. Beamish

Department of Fisheries and Oceans
Nanaimo, British Columbia, Canada

Abstract

Early and recent history of the sablefish fishery off Canada, trends In
stock abundance as reflected by catch/effort data, and stock assessments
and management ratlonale are reviewed,

Introduction

The importance of the sablefish flshery in the Canadian zone has
increased steadily slnce the extension of Canada's fishery jurisdiction
zone In 1977. It Is the purpose of this report to present an overview of
the fishery, fishery statlsties, and management strategy for sablefish
of f Canada. This report summarizes the current management strategy,
however, recent informatien on the biolegy, abundance, and stock
delineatlon of sableflsh may Indicate that strategles should be
re-evaluated.

Methads

Material for this report was summarized from Department of Fisheries and
Oceans annual reports, International North Paciflc Fisheries Commission
statistical yearbooks, and groundfish stock assessment documents produced
by staff at the Pacific Blologlcal Station. Unpublished sources of data
are cited in the text or text tables,

Discussion
History of the Sablefish Fishery in Canada

Early history (summarized from Ketchen and Forrester 1954}. The first
fishery for sablefish in British Columbia was carrled out on a small
scale by the Indians of the Queen Charlotte Islands. However, becaise
sablefish Inhabit deeper waters there was little incentive for the
development of an extensive fishery.

13




The first commercial fishery for sablefish in Canadiarn waters occurred
late in the nineteenth century and was carried out by specially equipped
longline vessels., The establishment of a market was hampered, however,
by abundant supplies of salmon. Between 1210 and 1915, salmon production
decreased and the rising demand for salted sablefish gave Incentive for
development of the fishery. Landings of sablefish rose from close to
2000 t in 1913 to almost 6000 t in 1917 but declined in following vears,
reaching their lowest levels, during the depression of the 1930s

{Table 1). In the late 1930s and early 1940s there was an improvement in
the Fishery due to a shortening of the halibut season and an increased
demand for fish liver products, particularly vitamin A. The fishery was
also aided by an increasec demand for food fish early in World War II.
Landings hit a peak of 1895 t in 1942 but abruptly dropped in subsequent
yedrs with the development of synthetic vitamin A in 1950 (Table 1;

Fig. 1).

Recent history. From 1951-1971 catches by Canadian fishermen in the
Canadlan zone were fairly stable, averaging about 400 t/year (Tables 2
and 3), It should be noted that fish landed at British Columbia ports
may have been caught outside the Canadian rone. It was not until 1951
that the portion of the catch made in areas such as Alaska could be
separated from the total landings. Prior to that time this was not
possible due to the methods used in recording catch data.

Heavy exploitation of sablefish off the Pacific coast of North America
did not start until the late 19605 when Japan increased the size of its
distant water longline fleet. Tn 1268 the Japanese fleet began fishing
sablefish as a target species on an experimental basis, They increased
their effort substantially in 1962 and 1970 and the catch of 3142 t in
1970 was the largest made during their years in the Canadian zone

(Table 4). The largest proportion of their catch was taken off the Queen
Charlotte [slands. Total catch by the Japanese fleet fluctuated between
2600 t and 4700 t From 1971 to 1975 und tapered off in follewing vyears,
due to self-imposed catch timits for the northeastern Pacific and the
guotas created by the declaration of a 200-mile fishery zone by Canada In
1977,

The USSR and the Republic of Korea (R.0.K.) also fished off the Pacific
coast of North America but to a lesser extent off British Columbia than
did Japan. There is little information on catches made by the USSR prior
te 1973 but it 1s known that they removed & and 65 t of sablefish
incidental to their trawl catches in 1973 and 1974, respectively
(Ketchen, 1977). The R.0.K. was engiaged in a longline fishery targeting
on sablefish from 1974 to 1977 and in 1975 and 1976 was a strong
competitor with Japan (Table &4).

As of January 1, 1977, Canada declared a 200-mile fishery conservation
zone, The total allowable catch (TAC) of sablefish for the Canadian zone
was set at 5,000 t for 1977, Tt was estimated that Canada and the United
States would not require more than 1500 t and as a result 3500 t of the
5000 t TAC was considered as surplus. Quotas of 3000 t and 500 t were
allotted to Japan and the Republic of Korea, respectively. From 1978 to
the present the TAC for the (anadian zone was reduced to 3500 t, with
Japan being allotted 2200 t in 1978, 1000 t ip 1979, and 200 t in 1980,
Since 1980, Japan has not fished sablefish in the Canadian zone.

14



Table 1. Sablefish landings in the Canadian zone, 1913-1250 (round
weight, tonnes},d

Year Vancouver? CharlotteC Total

1913 1988
1914 3209
1915 2441
1916 4312
1317 3356
1918 1013 1026 2039
1919 446 270 716
1920 43 1011 1754
1921 774 &09 1383
1922 843 450 1233
1923 727 408 1135
1924 786 452 1238
1925 406 &11 1037
1926 343 362 705
1327 578 540 118
1928 610 30 211
1929 722 313 1042
1930 746 378 1124
1331 37 &0 397
1932 280 156 436
1333 208 205 413
1934 206 229 435
1935 348 in 6359
1936 208 282 430
1937 336 516 212
1938 342 234 576
1339 403 214 617
19443 e 629 248
1941 348 640 1188
1942 277 558 835
1343 523 835 1425
1944 a44 675 1512
1945 734 634 1428
1946 411 1208 1619
1947 348 559 831
1948 J64 119 1483
1943 631 1204 1895
1250 290 358 645

dFishery Statistics of Canada. Converted from dressed weight to
round weight by a factor of 1.5,

Blisted as District 1 or South Coast and District 3 or Fraser,

S isted as District 2 or Morth Coast,
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Table 2. Canadian sablefish catches, by gear, in the "Vancouver" zone, 1951-1981
(round wt., metric tons),?

Gear type
Longline Trawl Trap Otherb

Year . % wt. % Wt % We. % Total

1951 196.1t {89.8) 21.8 {3.9) 0.5 {0,2) 218.4
1952 115.1 {78.3) 31,3 (21.3) 0.6 (0.4) 147 .0
1953 129.4 {9%.6) 6.3 {(4.6) 1.1 (0.8) 136.8
1954  103.7 (80.8) 26,3 (18.9) 0.3 (0.2 128.3
1955  115.5 (89.3) 13.9  (10.7) 129.4
195% 48,3 (60.8) 3.1 (39.2) 79.4
1957  123.6 (74.8) 41,2 {25.0} 0.3 {0.2} 165.1
1958  78.6 (@1.2)  NMt.4 {58.4) 0.6 {0.3) 190.6
1959  143.8 (72.5) 4.6 (27.5) 198.4
1960 208.,9  (80.9) 49,2 (19.1) 258.1
1961 198.1 (69.4) 87.4  (30.8) 285,5
1962  152.5 (64,4} 83.2  (35.1) 1.1 (0.5) 236.8
1963 64.5 (76,0} 20.4 (24,0} 84,9
1964  108.4 (71.6) 42.9  (2B.4} 51,3
1965 54,0 {644, 1) 68.5 (55,9) 122.5
1966 127.2 {55.9) 100.3 {44.1) 227.5
1967 55,7 (34.48)  106.3 {65.4) 162.0
1968 68,4  (35.9) 122.3 (é4.1) 190.7
1969 18,2 (12.5)  126.8 (87.3) 0.3 {0.2) 145.3
1970 12,0 (14.8) 62,3 (85.2) 81.3
1971 14.6 (8.1)  166.7 (91.9) 181.3
1972 100,3% (13,7}  632.7 (B6.3) 733.0
1973 3.2 (0.8} 50,9 (12,5} 353.4  (86,7) Tr 407.5
1974 2.3 (0.9} 83,7 (33.6) 161.5  (64.8) 1.8 (0.7) 249.3
1975 2.3 {0.9) 200.3 (81.8) 41,5 (16,9) 0.9 (0.4} 245.0
1976 41,7 {13.3) 224.8 {71.%9) 47.6  {15.1) 0.1 (0.1} 314,2
1977 27.3 (3.5) &88.4 (B7.1) 8.9  (8.7) 5.9 (0.7) 790.,5
1978 18,2 (5.1) 89.9 (25.4) 239.5 {67.7) 6.4 (1.8) 354,0
1979  118.3 (17.5)  143.4 (21.2) 498 (60.5) 6.0 (D.9) 677.5
1980 9,1 (3.6) 106.8 (5.6) 1722.5 (90.6) 3.0 (0.2) 15014
1981 94.8 (8.6) 140.2 (12.8) B62.4  (78.8) 1097 .4

%an, Dept. Fish,, British Columbia Catch Statistics, 1951-1971 {converted
from dressed weight to round weight by a factor of 1,5). Fish. Res. Board Can.
Cateh and effort statistles of the Canadlan groundfish fishery of the Pacific
coast, 1972-1981.

bIncludes troll and handline.

CIncludes longline, handline, and others.
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Table 3. Canadian sablefish catches, by gear, In the "Charlotte" zone, 1951-1981
(round wt., metric tons).?

Gear type
Longline Trawl Trap OtherD

Year Wwt., b Wt % W, % Wwt., % Total

1951  576.7 {99.8) 1.3 (0.2} 576.0
1952 336.1 {99.2) 2.7 (0.R) 340.8
1993 206.2 (99.2) 1.7 (0.8) 207.9
1954  328.6 (99.4) 2.1 {0.6) 330.7
1955  243,5 {99.8} 0.6 (0.2} 2441
1956 124.5 {95.4) 8.0 (4.4) 130.5
1957 342.0 (98,3 5.9 (1.7) 7.9
1958  88.5 (93.5) 6.2 {6.9) 9.7
1959  154.5 (98,3} 2.7 (1.7 157.2
1960 214.4 (93.2) 15.7 (6.8) 230.1
1961 123.2 {92.1) 10.6 {7.9) 131.8
1962 125.2 (80.4) 0.5 (19.8) 155.7
1963  157.8 (77.9) 44,5  (22.0) 0.2 (0.1) 202.9
1964 166.1 (66.9) 82.2  (33.1) 0.1 - 248 .4
1965 139.2 {41.8) 193.4 (58.1) 0.3 (0.1) 332.9
1966 198.5 (48.6) 209.4 {51.3) 0.2 0.1 408 .1
1967 197.2 (85.8) 2.6 {1B.2) 0.1 {0.1) 229.9
1968 2239 (32.1) 33,7 (12.4%) 15.1 {5.5) 272.7
1969 144.1 (86.9) 21.4 (12,9 0.3 (0.2} 165.8
1970 130.1 {73.2) 47,2 (26.5) 0.5 (0,3) 177.8
1971 108.4 (82.7) 22,7 (17.3) 131.1
1972 299.4 (84,3) 55.8 (15.7) 355.2
1973 116.6 (21.6) 31.7 (5.9) 392.4  (72.6) 540,7
1974 39.0 (16.1) 38,1 (15.7) 165.6  (68.2) 242.7
1975  149.9 {(72.7) g2.0  {(12.4) 427.9  {64.9) 659.8
1976 47.7 (10.4) 15,2  {33.7) 255.8  {55.9) 457.7
1977 49.8 (156.9) 98.3  (33.4) 1m5.7 (494} 0.9 (0.3} 294.7
1978 39.0 (8.2) 40 .4 (5.9) 3951 (83.0) 1.4 (0.3 475,9
1979 198.7 (11.7) 1331 {9.8) 1067.6 {78.%) 1359.4
1980  179.7 (9.5) 226.7 (12.0) 1488.3 (7B.A) 1894,7
1981 284.8 (10.2} 9.9 (3.3 2812.6 (86.5) 2790.3

3Can. Dept. Fish. British Columbia Catch Statisties, 1951-1971 (converted
from dressed welght to round weight by a factor of 1.5). Flsheries Research Board
of Canada Catch and effort statistics of the Canadian groundfish fishery of the
Pacific coast, 1972-1981.

bIncludes troll, handline, and sunken gillnet (1968 only).
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Table &, Sablefish catch (t} by nation {(all fishing gears) in INPFC areas
"ancouver” and "Charlotte", 1964-1961.

Cal- Canada? U.5.A.0 Japan®
endar
year Charl, Vanc. Total Charl. Vane, Total Charl. Vanc, Total

1964 245 151 399 50 43 83

1965 333 123 456 40 52 32

1966 48 228 636 39 56 95 164 10 174
1967 230 162 32 49 16 65 381 808 1189
1965 272 191 464 29 36 &85 1870 520 2330
1969 166 145 N 26 17 43 2533 2187 4720
1970 174 a1 259 21 g3 104 3950 1162 2142
1971 LB} 181 3z 11 150 161 2180 870 3050
1972 355 733 1088 19 563 582 2784 1452 4236
1973 541 408 49 20 &2 42 2143 807 2950
1974 243 249 492 33 194 227 2084 1782 3886
1975 660 245 903 12 529 541 3286 1416 4702
1978 459 314 772 23 448 473 2628 866 EL=
1977 295 721 1086 42 529 571 1818 1143 2981
1978 476 354 830 Tr 948 948 1339 Toh 2103
1979 1359 &75 2037 17 1719 1236 1m24
1980 1895 1901 3796 0 307 407 199
1981 2790 097 3887

Cal- U.5.5.R.¢ R.0.K,©

endar

year Charl. vanc. Total Charl, Vanc. Total TOTAL
1964 482
1965 548
1966 905
1967 1646
1968 2912
1962 5074
1970 5505
1971 3523
1972 5906
1973 6 é 3981
1974 55 65 129 129 4779
1975 247 1056 1263 741
1976 2335 7074
1977 18¢d 4804
1978 3881
1979 4385
1980 4402
1981 3887

aCanada Dept. Fisherles, B.C. Catch Statistics, 1965-1971, and Fish. Res.
Board Can. Catch and effort statistics of tne Canadian groundfish Fishery of the
Pacific coast (1972-1981),

bietchen (1977} until 1973, from INPFC Statistical Yearbooks,
1974-1979 (1979 preliminary) and from PMFC data series, 1980,
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Table 4 (cont'd).

CINPFC Statistical Yearbooks, 1964-1978, and from fishing log
books for 1979-1980.

dBest estimate of cateh using fishing log books plus observer
information. These figures differ from previously published estlmates
(Ketchen 1980) as a result of a change In conversion rates.

€Ketchen {(1977),

In Canada, the sablefish fishery has traditionally been carried out by
longlining and trawling. The effort expended by the longline fleet has
been closely linked to the fluctuations of the halibut fishery. Most
longline vessels targeted on sablefish only after the hallbut season
closed. As the halibut season was shortened over the years more boats
turned to sablefish, particularly when they were allowed to retain
incidental catches of halibut after that season had closed. From 1951 te
1972 longliners accounted for the largest portion of domestic sablefish
landings, especially In the "Charlotte" area (Table 3; Fig. 2). In the
"Vancouver" area trawl landings surpassed landings by other gear types
from the mid-sixties wuntil 1977 (Table 2).

In 1273, longline landings dropped sharply with the intreduction of traps
to the fishery {(Tables 2 and 3; Fig. 2). The trap filshery has been most
successful off the west coast of the Queen Charlette Islands, accounting
for about 70% of the sablefish landings from that area from 1273 to

1281, In 1380 there were restrictions put on Canadian participation in
the halibut fishery in U.S. waters and this resulted in an increased
nunber of vessels landing sahlefish and also some changes In gear from
longline to trap. Since 1980, trap-caught sablefish have accounted for
approximately 80 to 20% of landings from both areas.

The increase in trawl landings in the "Vancouver™ area may be partly
attributed to a reduction in the minimum size limit. In 1945, a minimum
size limit of 5 1lb. (2.3 kg) dressed, head-on (approxImately &3 em FL)
was Imposed for economic reasons and in 1248 it was amended to 4.5 lb.
{2.0 kg) dressed, head-off (Ketchen and Forrester, 1954). In 1965 the
minimum size was reduced to 2.5 lb. (1.1 kg) dressed, head-off
{approximately 54 om FL). This regulation remalned in effect until
November 1970 when a large number of undersized sablefish were landed by
special permit to test a speeclalty market for small sablefish. In July
1972 the minimum size regulation was waived for three months, on an
experimental basls, and there was a corresponding sharp Increase in trawl
landings of sablefish (Table 2). A downward shift in the sizes of fish
landed was evident, as fish that would normally have been discarded were
kept {unpub. data). In October 1972 the size limit was reinstated and
has remained in effect since that time. In 1977 it was redefined as the
equivalent size of % lb. {%.8 kg) round weight (approximately 55 om FL).

In 1981, license limitatlon was Implemented in an attempt to control
effort directed towards sablefish, There are currently &9 sablefish or
"K" llcenses In the flshery of which 16 are longline and 31 are trap
vessels. Two licenses have not been identified by gear.
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CATCH {1)

Trends in CPUE

Japan. Catch-per-unit-effort for the Japanese longline fishery is
defined as catch in metric tons per 10 hachi (t/10 hachi). One hachi of
longline gear is approximately 100 m long and contalns an average of %0
hooks but the number of hooks may vary between 33 and 53 (information
from observers aboard longliners in 1977, 1978, and 1979). Since the
Japanese freeze a dressed product, their estimate of total catch was
obtained by multiplying the dressed product weight by 1.333, a recovery
rate of 75%. However, calculations made by Canadian observers indicated
that the recovery rate i{s closer to 65%; that Is the dressed, head-off
welght should be multiplied by 1.538. Reported total catches would
therefore be lower than actual total catches by approximately 15%. Of
course, If these converslon factors have not changed since the beginning
of the Ffishery, CPUE data will not be affected.

The use of 10-hachi units to measure fishing effort could misrepresent
effort if longer "soak-time" times are used. Soak-time is the period of
time, usually in hours, that the gear is left in the water and is
actually fishing. The use of boat-days, the number of calendar days
spent fishing, might reduce the dependence on soak-time, however, a
boat-day unit ignores the problem of lncreased efficiency by setting more
hachi per day or more hooks per hachi., Since the possibility of setting
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Fig. 3. Trends In catch and CUPE for the Janpanese longline fishery for
sablefish in Canadlan waters (&8°00' - 54°39') 1988-1978),
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more hachi per day is thought to have a greater effect than longer
"soak-time", effort calculated as 10-hachl units is thought to be more
accurate, The CPUE using boat-days has been calculated for the whole
coast for comparison (Fig. 3).

The Japanese catches {Table 5; Flg. 3) show an initial decline from 1948
to 13971 in CPUE from 0.261 t per 10-hachi te 0.162 t per i0-hachi. CPUE
then remained relatively steady from 1972 to 1976 ranging from 0.1%% to
0.210 t per 10-hachi. During 1977, CPUE dropped by 24% to 0.147 t per
10-hachi and 1978 CPUE was only slightly higher at 0,162 t per 10-hachi.
(If a correction for the 1977 and 1978 catches for the discrepancy in
recovery rates is made, the drop in CPUE in 1977 is only 13% to 0,170 t
per 10-hachi,)

Table 5. Sablefish catch (t) and effort (10-hachi) statisties for
Japanese longline fishery in Canadian waters (88°00'-54°30'N lat.),
1968-78,

Calendar Catch Effort CPUE
year {t) (10-hachi) (t/10-thachi)
19684 1,454 5,573 0.261
1969 4,225 22,412 0.207
1970 4,919 72,886 0,215
1971 2,721 16,774 0.162
1972 3,491 16,831 0.207
1973 2,585 12,367 0.209
1974 3,527 16,765 0.210
1975 4,433 22,807 0.194
1976 3,209 16,519 0.194
19779 2,982(3,440)¢ 20,260 0.147{0.170}¢
1978 2,091(2,405)¢ 13,396 0.162(0.180)¢
1968-T8
average 3,240 16,781 0.197

41968-76 statistics from U.5, National Marine Fisheries Service
computer printouts.

b1977 and 1978 statistics from fishing log books.

€Catch and CPUE corrected for change in recovery rates reported by
observers on board vessels.

A similar pattern of change in CPUE is seen in the Queen Charlotte
Islands-Dixon Entrance area, Sub-zone 5-5, {Table &; Fig. &), where CPUE
declined from 1968 to 1971 from 0.28% t per 10-hachi to 0.180 t per
10-hachi. During 1972-75, CPUE was relatively consistent, varying
between 0.194 t per 10-hachi and 0.202 t per 10-hachi. A drep in CPUE in
1976 to 0.184% t per 10-hachi precedes the drop in 1977 to 0.140 t per
10-hachi. However, there was an increase in CPUL in 1978 to 0.162 t per
10-hachi.
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Table 6. Sablefish ecatch (t) and effort (10-hachi} statistics for Japanese
longline fishery in the Queen Charlotte Islands-Dixon Entrance area, Sub-zone
5-5 (52°00'-54"30'N lat.}, 1968-78.

Block with the largest catch

Total for Sub-zone 5-5 {033540)

Catch Effort CPUE Catch Effort CPUE
Yeard (t) (10-hachi} (t/10-hachi} (t) (10-hachi} (t/10-hachi)
19680 1,142 3,95 289 478 1,532 .32
1969 1,490 6,650 7 580 2,128 273
1970 1,549 7,229 2% 708 2,97 238
1971 1,472 8,164 ,180 786 4,484 75
1972 2,080 10,284 202 1,221 5,996 204
1973 1,327 6,589 201 752 3,731 202
1974 1,151 5,875 .196 694 3,559 195
1975 1,610 8,284 194 935 4,759 196
1976 1,259 é,850 184 717 4,098 175
1977¢ 737 5,246 150 377 2,763 38
1978 555 3,824 162 219¢ 1,363¢ 161

4Calendar year.

b1968-76 data from U,S. Nat. Marine Fish. Serv. computer printouts.
C1977 and 1978 data from Japanese log books.

done log bock wnavallable, therefore, effort estimated.

€Catch and effort In this block probably higher -- missing Infarmation from
one log book.

The pattern of catch and effort 1In Queen Charlotte Sound, Sub-zone 5-4,
and off Vancouver Island, Sub-zones 5-1, 5-2, and 5-3 was different from
Sub-zone 5-5 (Table 7, 8; Fig. &#). In the former areas (PUE is almost as
high between the years 1972 and 1976 as the imitlal high CPUEs In 1962
and 1970. However, there were low CPUEs in 1971 and in 1277. The
increase in CPUE In 1978 from the low of 1977 is less pronounced In these
areas than in the Queen Charlotte Islands-Dixon Entrance area.

Canada. Accurate catch and effort statistics for the Canadian trap
Tishery were unavailable until 71377 when a concerted attempt was made to
collect this information. The change from Canadian rectangular traps teo
Korean conical traps areund 1978 further complicated the situation 1n
that the change-over was so complete that we have very little information
to standardize the twe types of traps.
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The CUPE data for 1978 are incomplete and probably not representative of
the annual catch and CPUE for Korean traps. The coast-wide CPUE from
1979 to 1982 is similar and has varied from 14.8 to 17.4 kg/trap

(Table 9, Fig. 5). There has been considerable variation between and
within areas {(Table 9). The first quarter (January to April) landing
statisties have been included for comparison (Table 10, Fig. 5) showing
the substantial increases In catch made In this quarter since 1280, 1In
the Vancouver area both catch and CPUE declined by 50 and 30% in 1981
and 19827 respectively, from 1980 levels. At thls time, the decline in
CPUE in this area Is attributed to new participants entering the fishery
and Is not a reflection of declining abundance. In the Charlotte area
CPUE has remained relatively stable with substantial increases in both
cateh and effort (Table 9), in 1981 and 1982,
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Fig. 5. Trends in catch and CPUE for the (anadian trap fishery for
sablefish in Canadlan waters, 1977-1%&2,
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In the Charlotte area, two major fishing grounds are menitored

{Table 10). In Queen Charlotte Sound (Table 10, Fig. &) landings
increased by approximately 71% in 1981 and 0% in 1982 from 1980 levels
as a result of an B5% iIncrease in effort during these years. C(PUE in
this area has remained relatively constant (Table 10}, ranging from 1.0
to 18.5 kgftrap from 1977 to 1982. Off the west coast of the Queen
Charlotte Islands {Table 10, Fig. 6) landings increased by approximately
47% in 1981 and 1982 over the 1980 level, despite declining effort
{(Table 9, Fig. 6}. It Is unknown at this time if the dramatic increase
in CPUE in 1982 is an error in reporting or due to the particular vessels
involved in the fishery In that area.

Review of Stock Assessments

American scientists in 1979 used two methods to fit the sablefish catch
and effort data from the Japanese longline fishery to a general
production model. They indicate from lagging observations that there may
be a number of biological stock units. However, defining these stocks
was considered to be difficult so an analysis by geographical reglons was
used. Thelr results for the longline fishery off Canada produced a MSY
of 5,155 t/yr using the method of Fax {1970} and a M5Y of 5,800 tfyr
using the method of Rivard and Bledsoe (1973, personal communication)
{Table 11).

Initially, Canadian scientists used two methods to estimate MSY
(Westrheim, 1980). The first method is the same as that used by U.S. and
Japanese scientists., It involves a reyression of (PUE on the average
fishing effort over a number of preceding years (K), which ideally should
be equal to the average length of time an individual of a year-class is
vulnerable to the fishery (Gulland, 1941); the second is a dynamic,
stochastie version of the Schaefer model {Schnute, 1977).

Using Gulland's (1981) linear regression model, estimates of MSY using
catch-per-10-hachi and catch-per-boat-day range between 3,200 and

4,100 tf/yr (Table 11). Results generated by the modified Schaefer model
produced estimates ranging from 5,200 te 6,200 t/yr.

An estimated total effort for all-nation catches for the whole coast was
calculated by applying the Japanese longline CPUE to all other catches of
sablefish {i.e., catches by different gear types). The results of
Gulland's linear regression model using this estimated total effort in
both 10-hachi and boat-day units ranged from &,600 to 4,800 t/yr.

Recent analysis using new age estimates indicated that the range in MSY
may be greatly reduced (Table 11). Deriso's (1980} model produced an
estimate of 2,200 t/yr while preliminary analysis incorporting age and
fecundity data (unpub.) gave a range of MSY of 3,200 to 4,000 t/yr.

In summary, stock assessments prior to 1981 were based on analysis of the
Japanese longline fishery from 1968-1978. Estimates of MSY ranged from
3,400 to 6,100 t/yr. Recent analysis using new age composition data
indicate previous estimates may have been too high.
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Table 11, Summary of estimated ranges of predicted MSY.

MODEL TYPE MSY (t/yr)

American ~-Exponential surplus yield {(assuming Compertz 5155

Growth function}

-Pella Tomlinson stock production model 5800
{anadian -Gulland's Linear Regression

{Japanese Catch) 3200-4100

-Gulland's Linear Regression

(All-nation Catch) 4600-4800

-Schaeffer 5200-6200

-Deriso 2200

~Sablefish Dynamic Pool 3200-1000

Management

When Canada extended its fishery jurisdiction zone in 1977 and assumed
responsibility for management in its zone, little was known about the
biolegy or fishery for sablefish. Initially, a gquota of 5,000 t was
established for 1977, This was reduced to a more conservative guota of
3,500 t In 1978, based upon analysis of Japanese longline catch and
effort data from 1968-1978,

Biological information ecollected from 1977-1982 indicates that the 3500 t
quota may not be conservative and may be close to the sustainable yield,
In addition, there is the cencern that management to a fixed quota
generally results In an overrun of the gquota. For example, during 1980,
1981, and 1982 the quota was exceeded by approximately 500 t (14%)
annually. Also, fish captured by lost gear cannot be accounted for. At
present, we do not have an estimate of the number of traps lost annually,
however, reports from fishermen suggest that it is substantial.
Mon-reporting is not considered to be serious, however, there may be a
small amount of sablefish caught which is not reported or which is not
tncluded in the landings until after the guota has been reached. In view
of these concerns, it may be necessary to re-examine our management
strategles. In other words, although the gquota may be sustalnable, it
may be necessary to recommend lower quotas because of the lack of rigid
control over the actual landings.

Effective management of sablefish has been limited by a general lack of
biolegical information. As mentioned, recent evidence indicates the
quota may not he conservative. HNew ageing information has shown that
sablefish are much older than previously thought (Beamish and Chilton,
1982), with the majority ranging from 4-35 years of age. This represents
a substantial decrease in mortality rates and a corresponding increase in
the length of time a cohort is available to the fishery. Tt is also
evident that strong year-classes are an important component of the stock
and that the fishery Is supported hy these strong year-classes (McFarlane
and Beamish a, this symposium), It has been estimated that the biomass
of the strong 1977 year-class may be equal to the adult component of the
stock {McFarlane and Beamlsh b, this symposium). The strategy for

33



exploiting strong year-classes has nol been developed, however, the
desirability of Increased fishery pressure on these year-classes, coupled
with the concurrent increase in mortality of older year-classes, is
questionable, The presence of older fish in the population and hence the
longer reproductlve life span may be necessary for maintaining the stock,
pacticularly in times of poor eavironmental conditions.

Tagging studies have shown that fuvenile fish rearing In the fnside
waters (Oueen Charlotte Sound, Hecate Strait, and mainland inlets} move
northward into the United States zone off Alaska (Reamish and McFarlane,
this volume). IFf this northward movement is o coastwide phenomena in the
northeast Pacifle fNcean, as evidenced by Hracken (1982) and Sasakl
(1982), then a Canadian fishery for juveniles in thesc inside waters
would impact on the U.5, fishery off Alaska. However, the Intensive
fishery for juveniles being conducted off the coasts aof Wwashington,
Oregon, and California clearly indicates *hat Lhe mapagemeat strategy In
these areas is to explolt strong year-classes when they occur. This
fishery may be seriously affecting recrultment to Lhe Canadian rone,
making it difficult to justify conservation of migratory juveniles
rearing in the Canadian zone but recruiting to the 1.5, fishery.

These tagging studies (Beamish and McFarlane, this volume) have
identified discrete stocks of adult sabliefish off areas such as the
northwest coast of Vancouver Island, turen Charlotte Sourwl, the west
coast of the Queen Charlotte Tslands, as well as major inlets, The major
recruitment to these stocks is from outside the particular area (Beamish
and McFariane, this symposium) and excessive effort in these areas
withont compensating recruitment may result In a localired depletion. IF
monitoring programs indicate excessive effort and reduclion in QPUE in an
area, it will be necessary to set guotas by discrete areas as 4
precautiondry measure,

In addition, stocks present off the west coast of the Queen Charlotte
Islands and in the Southcastern area of Alaska have a higher percentage
of interchange than other areas (Beamish and McFarlane, this symposium).
The greater southward movement of adult fish from the Southeastern area
may partially compensate for the northward movement. of juveniles,

Tn summary, new age information indicites that the time series of catech
and effort dala is not sufficient te allow the use of general production
modellinu. Rialagical rharacteristics such as longevity, strong year-
classes, amd stock boundaries have heen identified and must : considered
when evaluating exploitdtion strategizs. It appears that at present we
do not have Lhe required assessment tools far adequate management of this
species, For this reason, we recommend a very conservative management
strategy until the implications of the new bicloqieal informalion have
been assessed and the responses of the stocks to the Fishery are more
clearly understood,
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Management strategies for sablefish off
California, Oregon, and Washington

James E. Hardwick
California Department of Fish and Game
Monterey, California, U.S.A.

introduction

The Pacific Coast Groundfish Plan for the management of the California,
Oregon and Washington groundfish fishery was approved by the Department
of Commerce in January 1982, The stated objectives of that fishery
management plan are:

Promote the availability of guality seafood to the consSumer,

Promote rational and optimal use, in the biclogical, social and
economic senses, of the regions fishery resgurces as a whole,

Provide a favorahle climate for existing domestic commercial and
recreational groundfish fisheries within the limitations of other
objectives and guidelines. When change is necessary, institute
the regulation which accomplishes the change while minimizing dis-
ruption of current domestic fishing practices, marketing proce-
dures, and enviranment,

Provide for the orderly development of domestic groundfish fish-
eries, including new fisheries consistent with (B) and (C) above,
at the expense of foreign participation.

Provide for foreign participation in the fishery consistent with
{B), (C)}, and (D) above, to take that portion of the optimum yield
not utilized by damestic fisheries.

Prevent over fishing of stocks which can be managed as a unit, in-
¢luding rebuilding those stocks which are now depleted,

Minimize gear conflicts among users.
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(H) Recognizing the multispecies nature of the fishery, establish a
concent of managing by species ani by gear, or hy groups of inter-
related species.

(I) Attain an informakion flow on the status of the fishery and the
fishery resource which allows for informed management dectsions as
the fishery accurs.

Strategies

Strategies for the achievenent of thess objectives are presented in the
plan. The Pacific Council's managment strategy contrasts sharply with
the North Pacific Council's quota management strategy and efforts to
replace foreign catch with domestic catch as discussed by Jeffrey
Povolny. MNo foreign fishing has been allowed for sablefish since 1876,
The Pacific Council is seeking alternatives to total cessation of fish-
ing while recognizing the need to keep the total catch within bounds,
Most groundfish species are not given a numerical OY but are managed by
points of concern and gear restrictions. Sablefish is one of five
species given a numerical OY because there is a directed fishery for
this species. The specific management measure selected for sablefish
is a trip 1imit to be implemented when annual landings reach 95% of the
QY. A trip 1imit rather than a total prohibiticn of landings was se-
lected to minimize discards while discouraging targeting, The trip
limit is to equal the percent sablefish in trawl landings containing
sablefish, but not exceeding 30% of any load. A trip limit of 3,000
pounds was imposed 27 October 1982 after the OY had been exceeded,

This requlation allowed trawlers to continue fishing as long as they
shoveled over any sablefish in excess of the trip limit, but made set
gear fishing unprofitable for the remainder of the year. Trap Fishar-
wen had no alternate fishery to turn to and were wery upset by what
seemed to them to be a clear act of fevoritism to trawlers., Many Tong-
Tine fishermen felt the same.

Some members of the Groundfish Task Group,formed at the Council's
December 1982 meeting,felt a guota or seascn would have to be along the
entire coast or fishing would continue in c¢losed areas and be delivered
in adjacent open areas, and would shut down processing plants in closed
areas. The Pacific coast groundfish “ishery depends wpon the fresh
fish market in which an interruption “n supply results in a loss of
market, A five day per month closure was suggested as 2 solution to
this interruption of supply problem but management costs become too
high with several short closures per vear. Some fishermen called for
extending the trip limit through March 1982 and beginning the fishing
year, for the purpose of accumulating landings, on April 1, 1983 so
there would be a reduced chance of having to institute a trip limit
during the fall when weather is still good. They hoped any trip limit
necessary would be instituted in the winter. This suggestion did not
have enough support to be adopted but other measures were taken to re-
solve complaints resulting from the 1382 trip limits.

Given the expanding sablefish markets, the knowiedge that trawlers have
been catching and dumping sablefish far cver 20 years for lack of mar-
kets, and the need to minimize disruption of existing fisheries, the
Task Group recommended that the council's management strategy be com-
posed of ane or more of the following components: trip 1imits set,such
that QY is not exceeded in the calendir year; a minimum size 1imit and/
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or an incidental catch Timit of small sablefish to discourage targeting
on the younger fish, The Council sele:ted an incidental catch allow-
ance of sablefish less than 22 inches -otal length north of Point Con-
ception as the method that would cause the least disruption of existing
fishevies. A 22 inch size limit is exJected to reduce trawl landings.
fin incidental catch allowance of short fish is expected to minimize
discards while discouraging targeting on small sablefish, Boats may
Tand up to 333 fish, one thousand pounlis or ten percent by weight of
the sablefish aboard, It is hoped tha: thisz size limit will reduce
landings sufficiently to eliminate the need for a trip 1imit at the end
of the season and more evenly balance hetween trawlers and set gear
fishermen the burden for keeping landisgs within the 0OY,

The plan directs the team to continuousiy monitor the fishery and re-
port to the council whenever information available indicates a change
in harvest quidelines 1¢ needed to mee: plan objectives., The team s
to base recommended adjustments to OY on the same points of concern
used to base recommendations for restrictions on the harvest of naon OF
species, These points of concern are:

1. Exploitakle biomass or spawning hi:mass is below a level expected
to produce MSY fur the species/spe:ies complex under consideration;

2. Recruitment is substantially below replacement level;

3. Fishing mortality rate exceeds tha: required to take ABC for the
calendar year;

4, Catch for the calendar year i$ projected to exceed the best current
estimate of ABC; or

5. Any other abnormality in the biclojical characteristics of the
species/species complex is discovered, such as changes in age
composition, size composition and age at maturity.

The team will recommend the management measure that will both relieve
the stress and achieve the plan objectives if it determines that the
identified point of concern truly indicates biological stress,

The total coastwide 0Y was set at 13,400 mt when the groundfish plan
was adopted based on 1977 NMFS rockfish survey data indicating a sable-
fish bhiomass of 15,200 mt in water sha'lower than 250 fms, Dstribu-
tional studies (Alverson et al., 1964 and low, 1977) indicated 75% of
the exploitable bicmass Yies deeper thin 250 fms. This adjustment pro-
duces a total bicmass estimate of 60,800 mt. An instantanecus natural
mortality rate of .22 was accepted and applied tu the formula MSY = MB
produced the 13,400 mt estimate. The :lan warns the reader that the
survey was not designed to sample sablafish but this is the best avail-
ahle estimate., The plan calls for ann.al adjustments and perwits ad-
justments at any time, The council mas raise the 0Y by 300 each year
and they did rzise the 1987 0Y to 17,40 wmt at the December 1582 meet-
ing, causing seme to Jokingly suygest that the Council's strategy was
to keep the 0Y greater than the expected domestic annual harvest.

Thera is no Tower limit to an 0Y adjustment. A separate 0Y of 2,500 mt,
that is part of the total 0Y, was esta>lished for Monterey Bay because
of severe declines in CPUF and size of fish landed., This 0Y was not
ingreased,
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Speculations on Status of Stock

There 1s little precision in current estimates of stock status because
catches have been well below MSY throughout most of the fishery's his-
tory on most fishing grounds. The exploitation rate increased so
rapidly Tn the Monterey area where MSY was exceeded that MSY can't be
estimated with any precision, [ expect the MSY of grounds fished pri-
marily from Monterey Bay ports to be near 1,000 mt per year and near
20,000 mt in the Washington to California region if sablefish densities
are similar coast wide. The current JY is very close to this range.
Annual increases of 30% are too great for precise estimation of MSY
bafore 7t is sewverely exceeded. Annual increases, 5% or less, will
permit calculation of an F, giving maximum economic return and given
the considerable price differential paid for large fish, economic re-
turn is maximized at harvest rates well below MSY and well before
points of concern one to four are reached. Only point five, an abnor-
mality in biological characteristics as change in age or size composi-
tion and age at maturity, occurs before economic loss.



The history of the U.S sablefish fishery
in the Gulf of Alaska, 1906-1982

Barry E. Bracken
Alaska Department of Fish and Game
Petersburg, Alaska, U.S.A.

[ntroduction

The U.S. sablefish fishery is one of the oldest fisheries in Alaska and
landing documents exist back to 1906. Acutal harvest probably occurred
as early as the late 1800's since historic records show that the fish-
ery was well established by 1907.

Much of the historic Alaskan catch and effort information exists as
loose notes that have been accumulated over time and it is impossible
to assign credit to the authors of most of the material. This report
is a summary of known information on the fishery.

Harvest

Before 1913 all landings were incidental to the halibut fishery and
annual harvests did net exceed 200 tons until 1916. In 1916, the
market name was changed from blackcod to sablefish to improve market
demand. Catch exceeded 700 tons during 1917 and 1918 and then dropped
below 400 tons until 1923, After 1924 the landings declined unti)
1635. Fluctuations were apparently related to market demand for fish
and fish Tiver for Vitamin A manufacture during the war years.

The harvest fluctuated wildly after 1947 according to market demand and
cold storage holdings with one or two years of high harvest which satu-
rated the market, followed by a sharp decline until the fish on hand
were sold. The general trend, however, was one of decline until the
late 1960's with the average annual harvest from 1966-1970 the lowest
since the depression era slump of 19371-1935.
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Gear

Until 1948 sablefish were Tished witn conventional halibut gear modi-
fied slightly to fish deep water. The first inovatien in the fishery
occurred in 1948 when a vessel named the Wolverine introduced smaller
hooks placed at 9-foot intervals rather the 13- 18-foot spacing of
halibut gear. A temporary increase in catch per skate was noted in
both inside and outside fisheries after that introduction.

In recent years nooks as small as 6/0 spaced at 3-foot intervals are
being used, Several automated system; have entered the fishery since
1974,

Pot gear was first allowed in 1970 and by 1973 a fairly large fishery
was established in the sputhern inside area and Dixon Entrance. That
gear type averaged over 33% of the to:al harvest from 1973-1975. Since
1979 pot gear has been responsible for ltess than 5% of the total har-
vest,

Management Areas

Southeastern Alaska has historically oseen separated into inside and
outside waters with the approximate division between tnese waters
occurring at tne surf line. For state management, the Yakutat area
extends from Cape Fairweather to Cape Suckling. However, the Yakutat
INPFC area extends from 137° W. longitude to 147° W. longitude. Adult
sablefish are generally fished in depths greater than 200 fathoms and
5o most offshore catches are beyond taree miles, outside of state
Jurisdiction,

Southeastern Alaska is further separated into management districts,
nunbered progressively from 1 through 16 from southn fo north, Al-
though these districts did not go into effect until the late 1960's,
tne areas represented are based on historic management.

The southern inside area includes districts 1-8 excluding district 4

on the outer coast of Prince of Wales Istand. The nerthern inside area
includes districts 9-15 excluding sections 13A and B along the outer
coasts of Baranof and Chichigof Islands.

Fishery Monitoring

vessel logs were maintained in the sablefish fishery starting in 1932.
Data was collected and summarized by the Fish and Wildlife Service
through 1949 and tnen transferred to the Alaska Territarial Fisheries
Board in 1950.

In the inside fishery which up to that time was ganerally confined to
the northern area; pounds per skate declined steadily from 1932 until
1960 when the logbook program was discontinued.

The catch per unit of effort (CPUE) in the outside area off Southeast-
ern fluctuzted more, possibly in response to the more sporadic fishery
in that area, but still a general declining trend in pounds per skate
was ohserved.

47



Average size of fisn declined steadily in the fishery as well as
numbers of fish per skate. [Data from the inside area is more complete
and a decline in average size from 8 pounds in 1935 to 6.3 pounds in
1846 was observed. Data from the outside fishery is not as complete,
but average weight declined from 7.3 pounds in 1935 to 6.5 pounds by
1946.

Mo manitoring of fisnery performance cccurred from 1860 to 1978 wnen
an attempt was made by National Marine Fisheries Service (NMFS) and
Alaska Longline Fisnermen's Associaticn (ALFA) Lo introduce a cooperé-
tive Yogbook program. The program was voluntary and returns were not
actively solicited and so the program oroduced 1ittle useful raterjal.

The Alaska Bepartment of Fish and Game (ADFAG; began & port sampling -
skipper interview program in 1981. Although tne program concentrated
on catches from the northern inside area fishery, data from the off-
shore fisneries was also collected. C(atch per skate in the offshore
fishery so far tnis year is 52.5 pouncs based on a 150 hook skate and
the average dressed weight is 5.4 pourds. Catch per skate in the
nortnern 1nside area was 88.5 during the 1982 season and average
weignt was 5.5 pounds. Pounds per hock rather tnan pounds per skate
are now used for comparison.  Current data does indicate that declines
in CPUE and average fish size have cortinued to date.

Regulations

Regulations nave had an impact on the Alaskan sablefish fishery and &
regulation review is necessary to fully understand tne fisnery.

The first regulations were imposed in 1945, A wema discussing manage-
ment action from iL.N. Kolleen of Fish and Wildlife Service, dated
April 10, 1850 cited a 557 decline in pounds per skate between 1937
and 1944 and a decline in average weight from 8 pounds in 1934 to 6.5
nounds by 1944 as justification for stortening the season in 1945 to
decrease fishing intensity. Further justification was given: To
"afford protection to the stocks durirg the winter spawning period"
and to “reduce tne destruction of nalibut taken inadvertantly on
sablefish gear during the early spring period", the 1345 season was
shaortenad by 2.5 months with a closure imposed for all areas from
December 1st of one year until Marchn 15th of the next vear. It is
unclear from the memo whether the action went into effect in December
1944 or December 1945,

The closed period was extended until VFay 1 in thne 1947 season. Al-
though that action called for a four wonth ¢losure in reality it
effected a longer closure. Since the May 1 sabiefish opening was
concurrent with halibut openings at that time and the same fleet was
inyolved in both fisheries, the directed sablefisn fishery did not
start until after the Area Il halibut closure. This restricted the
fisnery to the sunmer and fall seasons. [t was noted thnat the inci-
dental catcn of nalibut declined significantiy as a result of this
action, but the catch per skate of sablefish continued to decline.

Tne December 1 to May 1 closure remained in effect for all districts

through 1962 when additional restrictions were imposed. In that year
all waters of northern Scutheastern including the outer coast of
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Baranof and Chichigof were open only from August 15 to October 15,
Those regulations remained in effect until 1870 when the northern
Southeastern season changed to September 15 through November i5 and
pot gear was allowed as legal gear. Sablefish were allowed as inci-
dental catch in longline and trawl fisheries for other species up to
10% by weight of each landing in 1968.

In 1972, the closures were relaxed somewhat and in the northern area
the season was extended by 15 days, to September 1 through November 15.
A1l other districts were open from April 1 through December 30. The
season was the same in 1973, however, a quota of 1,000,000 was adopted
for the narthern area and the season was to be closed if the quota was
reached prior to the November 16 clesing date. The incidental catch
allowance was increased to 20% in 1972.

The 1976 season in the southern Southeastern districts including the
outer coast of Prince of Wales Island was shortened to June 15 fo
November 15. Tre soutnern and northern outside areas were both opened
to year-round fishing by emergency order in 1977 "In order to allow
U.S. fishermen to harvest sablefish off the coast of Southeastern
Alaska in competition with foreign effort”.

The incidental catch allowance was abolished in 1978 because it was
being abused and sablefish became a prohibited species in U.S.
fisheries for other species. In 1979 the northern area guota was
reduced to 850,000 pounds to reflect the removal of the outer coast
from the guota area.

Guideline harvest ranges were established for both the southern and
northern areas in 1980. The northern area range was 500,000 to
500,000 pounds and the southern area range was 125,000 to 500,000
pounds. These ranges were established by computing average annual
harvest over the previous ten years and allowing two standard devia-
tions from the mean to determine a range.

Fishery performance is monitored in-season and a cutoff date announced
according to indicators in the fishery. Also in 1980 vessels entering
the northern fishery were required to register within 72 hours of the
start of fisning operations.

Minor changes were introduced in 1982 including lowaring the lower end
of the northern area guideline harvest level fram 500,000 ta 300,000
pounds and the restriction of the area north of Cape Addington to
longline gear,

The Alaska Board of Fisheries passed 4 regulation to go into effect in
1983 closing the outside districts from January 1 through March 15.
The north Pacific Fisheries Management Council has not endorsed a
parallel proposal for Federal waters and unless action is taken prior
to next year, management problems are expscted.

The Fish and Wildlife Service and Alaska Territorial Board of Fisheries
had control of fisheries regulations untjl statehood. The regulations
in place in 1959 were continued by the Alaska Board of Fisheries. Al-
though the offshore quota did not tecnnicalily apply to waters beyond
three miles, very little fishing occurred prior to the May 1 opening
and less than 150 m.t. round weight cummulative harvest was reported
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landed prior to May 1 for all years from 1963 through 1976. Most of
that limited harvest came from Dixon Entrance. It was not until 1977
that the outer coast of Southeast Alaska was open to year-round fish-

ing.

After statehood federal regulations dfd not become an important issue
until the passage of the Magnuson Fisheries Conservation and Management
Act (MFCMA) in 1976. With the act in place, fishermen began to request
relief from competition with foreign longline fleets in the southeast-
ern area. Ironically, it was an agreement by the Japanese North Pacific
Longline-Gillnet Assoctation to voluntarily withdraw from the area east
of Yakutat Bay and not Federal action that gave the needed relief.

That action went into effect in July 1978 and the U.S. offshore fishery
expanded rapidly over the next few years. Tnat closure was enforced

by a Federa] regulation in 1979.

Emergency order closures were imposed in the northern inside area in
1973, 1979, 1981 and 1982, 1In 1982 the outside southeastern areas
including both State and Federal waters were closed by joint action
for the first time ever on August 2nd. The southern inside area was
also closed for the first time in 1982 on September 30th.

It is apparent that over time requlations have had a significant impact
on the U.5. harvest of sablefish in the Southeastern area and wili
continue to effect harvest levels and distribution of effort in the
future,

Distribution of Harvest

Distribution of harvest has been effected by markets, regulations, and
stock conditions. Up until the mid-1940's most of the U.S. sablefish
harvest came from the inside northern area. After 1940 catch per skate
had declined in the inside areas to the point much of the effort moved
offshore. By 1944, 32% of the catch was reported from outside areas
and between 1945 and 1953, £8% of the harvest was from outside areas.
With declining effort most of the fishery again occurred in the inside
areas between 1960 and 1977.

One anonymous report stated that low harvests from 1968 to 1971 were
the result of a lack of effort due to low prices, bad weather, and
fishermen remaining in the fall saimon fishery or expanding king crab
fishery. By the time the market racovered in 1972 the Japanese fishery
was fully established offshore and the U.S. and Canadian fisheries were
effectively displaced. Stock abundance decreased in the northern
inside areas by the end of the 1972 season, indicating that stocks had
not recovered during the four years of low harvest, or were being
influenced by the intense foreign fisheries offshore.

Information that is available indicates that U.S. harvest in the
Yakutat area was never large in proportion to the harvest in the South-
eastern area, but that some fishing accurred as far west as Middleton
Island as early as the 1920's.

Frem 1973 through 1975, 33% of the total U.S. harvest came from the

southern inside areas which represented a new fishery. There was
very little effort in the offshore areas until 1978 when the Japanese
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fleet withdrew. Since 1978 the proportion of offshore narvest has
increased steadily. In 1982, 48% of tne total Y.5. Eastern Gulf
harvest was from the offshore Southeastern area, 26% from tne Yakutat
area, 19% from the northern inside area and 7% from the southern
inside area.

Impact of Foreign Fishing

Canadian fishery.

The first foreign fishery to enter Alaskan waters was the Canadian
longline fishery which reported landirgs of f Southeastern Alaska as
early as the late 1920's,

For tne period between 1951 and 1953 -ne Canadian catch from South-
eactarn Alaskan waters averaged approximately 45¢ of annual Canadian
landings !Xetchen & Forrester, 1954]), or about 600 n.t, per year.

Altnougn Cansdian effort was reported as far west as Middleton Island,
most of tne effort wes restricted to <ne Soutneastern area and in 1951
and 1952 TPHC statistical area 16 off Cape Jmmaney yielded the largest
catch of any area fished by Canada. “he CPUD off Southeastern Alaska
was also tne nignest in the Canadian “isnery (Ketchen & Farrester, 1954).

Canadian catch gats from Alaska is lacking between 1953 and 1963,
However, by 1965 tne Canudian fishery in Alaska declined and tne
harvest averaged less Enon 20 m.t. between 1969 and 1978, the jast
year of Canadian harvest in Alaska. [t is wssured tnat in the later
years of tne Fishery most of tne landings were incidental to Lhe
halibut fishery rather than a directel efvort.

Japanese fishery.

The Japanese longline fishery entered Scutheastern Alaska in 1968 and
over 6340 m.t. were harvested that first year. Tne fishery peaked in
1977 at 9301 m.t. and then began to decline. Tne average annual harvest
for the 10 years of the Japanese fishery off Southeastern gAceeded

6350 m.t. The 1977 narvest was less than €0% of the 10 year average.

U.S. fispermen were being requlated because of observed declines in
CPUE at average narvests of less than 2060 w.t. between 1945 and 1965
and could not compete effectively with the intense year-vound effort
of the Japanese high seas fieet. Canadian effort in Alaskan waters
after 1969 may have been effected by tne Japanese fishery as well.

Sumnnary

The sablefish fishery is one of the cldest in the State. It nas been
impacted by markets, declining stock abundance, regulations and the
presence of foreign fleets in or adjecent to areas of harvest.

The fishery is again expanding and s nce 1979 has approached historic
levels. Recent landings in Seward and Kodisk are encouraging and slow
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but steady expansicn of tne U.S. fishery into other areas is expected.
The rate of expansien will depend on the same factors that have influ-
enced the fishery in the past.
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Introduction

A well defined relatienship among age, length, and weight is a pre-
requisite for accurately determining optimal yield and for understand-
ing the 19fe history strategy of the Gulf of Alaska sablefish popula-
tion. Early attempts to determine maximum sustained yields for Gulf of
Alaska sablefish {Low et al, 1976; Low and Wespestad, 1979; Anon.,
1978) were based on stock production models which require no explicit
formulation of growth. The fit of these models to the available catch
and effort data was poor since the data represented an aggregation of
growth, mortality, recruitment, and harvest processes and encompassed
wide temporal and spatial variation in catch rates, harvests, and
effort, with unknown amounts of migration among areas. More accurate
prediction of optimal yield requires explicit formulations of growth,
mortality, recruitment, and harvest processes and the temporal, spa-
tial, and age structure of the population. Recent sablefish modeling
efforts (Balsiger and Terry, 1981; Funk, 1983) have included explicit
growth submodels, but have been hampered by the Tack of available data
from the Gulf of Alaska area for estimating the parameters of the
growth models.

Farly studies of sablefish growth in British Columbia (Kennedy and
Pletcher, 1968}, Oregon (Pruter, 1954}, and the Bering Sea {Saski et
al, 1975) indicated that sablefish were a relatively fast-growing and
shortlived species. Recently, Beamish and Chilton (1982} reported a
considerably different impression of sablefish growth using the "break-
and-burn: otolith reading technique. They describe a species with
very rapid inftial growth, but very slow growth upan reaching maturity,
with many members of the population surviving to very old ages. These
newer, slower growth rates have a profound impact on the yield that can
be obtained from sablefish stocks on a sustained basis. They also



point to a radically different 1ife history strategy from that de-
scribed in earlier studies.

This paper describes sablefish growth from Southeastern Alaskan waters
and compares the growth pattern to published values from other areas,
Unfortunately, the methods of age determination have varied widely
among sablefish growth studies so that observed differences in growth
among areas could he attributed to differences in aging technigue as
well as actual difference in growth. Preliminary results of this study
of growth of sablefish in Southeasterr Alaska were previously reported
in Bracken (1981).

Methods

Sablefish otoliths were collected from four sites in Southeastern
Alaska for age determination (Figure 1}. The sablefish ranged from 22
to 80 cm fork Tength and were aged with surface reading techniques., An
allometric growth model was fit to log-transformed lengths-at-age using
least squares regression, An investigation of the effects of the

138" 136" taae 131

58°

Mﬁm [ \

.
F W)

Figure 1. Sablefish otelith collection sites in Southeastern Alaska.
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logarithmic transformation showed that the assumpticns required for
least squares procedures were satisfied by the Teg-transformed data.
The log-transformed allometric model fit the data as well as the von
Bertalanffy model in most cases and was used for comparing growth
curves because of its simple, Tinear form,

Sablefish length-at-age data from northern British Columbian waters
were also examined and compared to the data from Southeastern Alaska.
The methods used to collect these data are described in Beamish and
Chilton (1982). Data from the sample sites described as "west coast of
the Queen Charlotte Islands" and "inlets east of Gueen Charlatte Sound"
in Beamish and Chilton {1982} are pooled together and are referred to
as "northern British Columbia." These samples are pocled together to
approximate the spatial variation in sablefish growth in all northern
British Columbian waters. Beamish and Chilton {1982} describe the
otolith "break-and-burn" technique used to determine the ages of these
specimens.

Resulits
Yariation in growth among sites within Southeastern Alaska.

Adult sablefish captured at Chatham Strait site A, Chatham Strait site
B, and at the Behm Canal site were compared for differences in growth.
The sample of sablefish from Auke Bay consisted only of smaller juve-
niles and could not be directly comparad with samples from the other
sites. Analysis of covariance (ANCOYA} techniques were used to compare
growth data from the three sites using the Yinear, log-transformed
allometric model. Variances among the three sites were not found 1o be
heteroscedastic for males or females, using Barlett's test of
homogeneity of variance. For male sablefish there is no significant
difference in slope (parameter b of the allometric model) of log-
transformed a1lometric models fitted independently through the growth
data from the three sites (Figure 2), Intercepts (parameter a of the
ailometric model) are significantly different (p < .005). Growth was
fastest at the Behm Canal site and slowest at Chatham Strait site A.

For female sablefish there was alsc no significant difference in the
slopes of the three independent regressions (Figure 3). Intercepts
were significantly different (p < .005). As for males, growth was

fastest at the Behm Canal site and slowest at Chatham Strait site A.
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Figure 2. Log-transformed allemelric growth models fit to male
sahlefish length-at-age data from sites within Scutheastern Alaska.
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Comparison of Southeastern Alaska and northern British Columbia data.

Growth data from all four Southeastern Alaskan sample sites were pooled
together and compared with data pooled together from the two sample
sites in northern British Columbia. The amount of variability found
among the sample sites in Southeastern Alaska is assumed to approximate
the magnitude of the variance component among all sites within northern
British Columbia, VYariances between the two areas were not found to be
heteroscedastic for males or females, using an F ratio test for homoge-
neity of variance., Slopes of the Tog-transformed allometric model
fitted through the growth data from each area were very highly signifi-
cantly different {p < .001} for both males (Figure 4) and females
{Figure 5.

The untransformed length-at-age data and fitied models are shown for
males and females in Figures ©6 and 7 respectively. The Southeastern
Alaskan data clearly describes much slower growth at early ages. The
differences between the growth curves for the two areas decreases with
age. The Southeastern Alaskan lengths lag behind the British Columbian
lengths by twe to three years of growth. The northern British
Columbian data describes a species with very rapid initial growth and
relatively little growth beyond age six or seven.
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Figure 3. Log-transformed allometric growth models fit to female
sablefish length-at-age data from sites within Southeastern Alaska.
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Figure 4. Log-transformed allometric models comparing male sablefish
growth in Southeastern Alaska and northern British Columbia.
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Figure 5. Log-transformed allometric models comparing female sable-
fish growth in Southeastern Alaska and northern British Columbia.
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Figure 6, Comparison of length-at-age observations and fitted allo-
metric models for northern British Cclumbia and Southeastern Alaska
male sablefish,
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Discussion

Sablefish growth in both northern British Columbia and Southeastern
Alaska is characterized by an initial period of fast growth, followed
by slower asymptotic growth. The change in the rate of growth appears
to be rather abrupt and coincides with the approximate age of sexual
maturity. This relatively rapid transition from fast to slow growth is
probably indicative of fundamental changes in physiology and behavior
associated with the onset of sexual maturity. A change in rate of
growth at sexual maturity is well established in other species and
separate growth curves are often fit tc data before and after the age
of sexual maturity {e.g., Somerton, 1979). For sablefish {Low et al,
1976) obtained better fits of the von Bertalanffy model by partitioning
sablefish length-at-age data into two size groups, although the size
categories did not correspond to the age of sexual maturity, However,
a single growth expression is often desirable for simplicity in model-
ing applications, even though the fit may be less precise.

The Southeastern Alaskan sablefish length-at-age data describe slower
initial growth compared to the northern British Columbia data. [t is
not possible to determine from the length-at-age data whether the
observed differences in sablefish growth between Southeastern Alaska
and northern British Columbia are due to differences in aging technique
or to actual differences in growth in the two areas. The fact that the
differences among sites within Southeastarn Alaska were relatively
minor, though significant, should imply that similar relatively minor
differences in growth would be expected between Scutheastern Alaska and
northern British Columbia. Analysis of growth from following Tength-
frequency modes indicates that surface reading may have overestimated
ages. This is unusual since surface-read otolith ages are normally
less than "break-and-burn" read ages (Beamish and Chilton, 1982),
However, the surface-read data from Southeastern Alaska aliso produced
fewer older aged fish than in British Columbia. This indicates that
larger fish may have been underaged. A review of the surface aging
techniques suggests that two extra amnuli could have counted, one at
the focus and one at the outside edge of the otolith., Adjusting the
Southeastern Alaskan ages downward by two years brings the fitted
growth curve muck closer to the British Columbian curve. This type of
error along with underaging of older surface-aged fish is one possible
explanation for the observed differences in the length-at-age data
between Southeastern Alaska and northern British Columbia. The ob-
served differences could also be due to actual differences in growth
rate between the sizes. Double reading of otoliths using both aging
techniques on the same otolith are essential in order to determine
whether the observed differences in length-at-age data are due to aging
error or to actual variation in the rate of growth.
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Ahstract

Adult sablefish are abundant along the west coast of British Columbia at
depths exceeding 200 m and are most abiundant between 600 and BOC m,

Spawnlng takes place at depths greater than 300 m and no appreciable
spawning migration occurs. Length and age at 50% maturity Is
approximately 58 cm and age > for females and 52 om and age 5 for males.
Sex rdatio of the catch appeared biased and varied between areas, however,
for all areas combined the male:female ratlo was 1:3 during the spawning
season and 1:1,5% during all other sampling periods.

In Canadlan waters sablefish fed predominately on rockfish, Pacifie
herring and squid. A very preliminary estimate of blomass uslng the
tag-recapture data was approximately 37,000 t,

Growth curves, expressed In terms of the von Bertalanffy eguation, show
that growth is similar between areas. However, differences In size and
sex ratic may indicate the presence of discrete stocks of slower growing
fish, In all areas, less than 10% of the males and greater than 55% of
the females are larger than 70 cm. There was considerable variatien
between and within areas and years and average size in the fishery varies
depending on capture location and sex ratio,

Mean annual growth of mature fish ranged from 0.17-0.26 em for males and
0.55-0.66 cm for females. Corroboration was obtained from recaptured
tagged sablefish.

No size segregation by depth interval for adult sablefish has been

observed In the Canadian zone. The majority of fish In the fishery range
from 4 to 35 years of age, however, some sablefish reach an age of
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55 yr. Growth of males was reduced before that of Ffemales and both males
and females continued to live for long periods during which llttle growth
occurred. The Importance of longevity remains to be determined, however,
It may be an adaptive feature for maintaining the population,
particularly In tImes of unfavorable envirommental conditlons.

Strong year-classes are an Important component of the stock. Strong
year-classes occurred In 1977, In the late 1960s, the late 1950s or early
1960s, and the early 1950s. The strong 1977 year-class may be as large
as the total adult biomass In the Canadian zone.

Introduction

Sahlefish have been exploited off Canada since the late nlneteenth
century, however, intenslve exploltation did not occur ontil the late
19605 when the Japanese fished off the Canadlan coast outside of Canada's
t2-mile territorial limit. As Canadian effort in this fishery was
minimal there was little effort expended on studies concerned with the
biology of sablefish. After extension of the fishery jurisdiction zone
to 200 miles {1977), responsibility for management of the resource and
interest by the domestic fleet resulted Inm increased research effort
being allocated to sablefish, This report summarizes our current
knowledge of the biology of adult sablefish Ln the Canadian zone

(Fig. 1}.

Methods

Material for this report was assembled from research studies conducted by
the Pacific Biological Statlon between 1977 and 1982, amd from commercial
trap catches collected by vessel observers. Commercial catch data were
taken from Department of Fisheries and Oceans annual reports (Smith,
1978, 1979, 1980, 1981; Leaman, 1982).

Fishing, tagging and sampling methods are described In Beamish et al.
{1978, 1979, 1980, 1983). Representative lots of sablefish were sampled
for length, sex, maturity, welght and age determination. Stomach
contents were examined from sablefish captured in sunken gill nets In
1979 and trawl nets in 1980¢. Sablefish were measured for fork length to
the nearest centimeter, and beginning In 1980 measured to the nearest
millimeter.

Age was determined from broken, polished and burnt olollths as described
by Beamish and Chilton {1982). Growth was assessed from otolith readings
and length Increments of recaptured tagged sablefish,

Tag release and recapture data were used to estimate the bliomass of the
fishable sablefish in waters off the west coast of the Queen Charlotte
Islands, the west coast of Vancouver Tsland and Queen Charlotie Sound.
The procedurs makes use of an adaptation to the simple Petersen method.
Only sablefish measuring >55 cm in length at the time of tagging and
released from domestic trap vessels were considered, Sableflish Injected
with oxytetracycline were excluded to eliminate blases in population
estimates that would have resulted from unnaturally hlgh mortality rates
in Injected fish (Beamish et al., 1979). Population estlmates were not
calculated for the year of release to allow time for tagged sablefish to
mix with the untagged stock components. Tag releases during July 1977,
May-June 1978 and June 1979 and recoveries to December 31, 1981 were used
in the analysis of the stock off the west coast of the Queen Charlotte
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Islands. Off the west ccast of Vancouver Island only releases from
1979-1980 were considered. Durlng 1979, tag releases were concentrated
of f the southwest coast and in 1980 off the northwest coast of the
Island. Estimates were calculated separately and combined for the two
areas. For Queen Charlette Sound, releases during March 1280 and
subsequent recaptures to December 1981 were used In the estlmates.
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Fig., 1. General distribution of adult sablefish off the west coast of
Canada.

The annual rate of tag loss was estimated directly as the proportion of
the total single to total double-tag recoverlies for all double-tag
releases in Canadian waters during 1977-80 and recoveries to December
1981. Tag loss showed no trend and the annual rate of loss is estimated
at approximately 7.5%. For this analysis it was assumed that all tag
losses occurred immediately followling tagging.

Two estimates of annual survival were calculated, one from tag

release-recovery data and the other from age composltion of the
commercial trap catch.
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Annual rate of survival was estimated from tag release and recovery data
using a modification of a maximum-likelihood procedure developed
separately by Seber {1970) and Robson and Young (1971). The model
assumes survival is independent of age and allows for year-specific
recovery and survival rates. Survival rates were also calculated as the
slope of the regresslon of the descending right lLimb of the cateh curve
from data collected from the commercial trap fishery.

The estimate of annual survival rate cdalculated From the catch curve was
based on age data collected for sablefish prior to the more recent high
levels of exploitation, 1In the absence of flshing mortality, estimates
of annual survival calculated from tag release-recovery data closely
approximated the survival rate estimated from the slope of the catch
curve. HNon-reporting and tagging mortallty are considered to be low.
Fishermen were extremely cooperative and as captured fish are handled
individually any tagged fish is likely to be reported along with accurate
recovery Informatlion. Tagging mertality was considered low and was
assumed to occur Immedlately following tagglng.

Rate of emigration was calculated from domestic trap recoverles within
Canadlan waters. Recoverles were grouped by year and recapture area.
Recoveries were standardlized by Fishing effort. The rate of emigration
was calculated by dividing the number of tag recoveries from areas other
than the release area by the total number of standardized recoveries.

Numbers of sablefish were estimated by dividing the annual landed cateh
by the mean welight of sahlefish in the commercial catch. The mean welght
per fish was_estimated from the length-welght relatlonship, Wtikgq) = 1.4
x 10-6 L{em)3.3025 4nd calculated for length frequency data collected
during the taaging cruises.

Results and Discussion

Geographical distribution

Adult sablefish range along the Pacific coast of HNorth Americe, from
northern Mexico to the Gulf of Alaska and Aleutian Islands and along the
edge of the continental shelf in the Bering Sea to the coasts of Siberia,
Kamchatka and northern Japan. The largest concentrations are found in
the Gulf of Alaska between Queen Charlotte Sound and the Shumagin Islands
{Low et al,, 1978). Juvenlle sableflish are generally located in shallow
inshore waters at depths <200 m.

Acdult sablefish are abundant along the entire west coast of British
Columbia at depths exceeding 200 m. Tagging studies (Beamish and
McFarlane, this symposium) indicate that most adult sablefish are
recovered close to the release area, As of December 31, 1981, 88.7% of
the 6,337 recoveries were made withln 200 km of the release area. There
was substantial movement hy a small number of fish {(Beamlsh and
McFarlane, this symposium},

Sablefish are also present on seampunts., An exploratory leongline set
made June 3, 1979 on Bowie seamount (unpub. data) indicated that
seblefish were present but not In appreciable quantities, A total of 294
hooks were set between 256-457 m and of the 38 flsh captured, 14 (37%)
were sablefish., Commercial catches by Japanese longline vessels flshlng
in 1973 and 1977 on Bowle seamount (U.5. Nat, Mar, Fish. Serv. computer
printouts-SM762) Indicated that catch per unlt effort (CPUF) of 0.12 £/10
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hachi in 1977 and 0.20 t/10 hachi in 1973 were similar to CPUE values
obtained by Japanese longliners Ffishing the more traditional grounds
(0.14 £/10 hachi and 0.20 t/10 hachi) in 1977 and 1973, respectively.

A research survey conducted in 1979 on the Gulf of Alaska seamounts
indicated that sablefish were abundant on all seamounts surveyed (MNOAA,
1979},

Bathymetric distribution

Sableflsh have been reported at depths of 1900 m (Kodolov, 1976), and
2740 m (Beamish et al., 1979}. Trawl surveys along the Pacific coast of
North America indicate that 23% of the exploitable biomass is confined to
the continental slope from 200-1000 m (Low et al., 1976). Trawl surveys
of f Washington and Oregon, indicated sablefish were most abundant between
350 and BOCG m (Heyamoto and Alton, 1965). Shippen (1972) reported trap
catches were highest between 250 and 450 m and declined steadily from
500-9G0 m.

A summary of commercial trap catches off the west ceast of British
Columbia from 1979-1981 (Table 1) indicated sablefish were abundant
between 400-1830 m, There was no apparent trend between total catch and
depth range. (atches were consistently high between 600-800 m. Catches
Increased in deeper waters (>800 m) during summer and fall, probably a
reflection of cessation of spawning {Mason et al., thls symposium).

Simtlarly, CPUE varied without trend in relation to either depth or
season. Analysis of catch rate by vessel (unpub. data) Indlcated that
the variation observed in the commercial trap catch rates was probably a
reflection of fleet distribution,

Table 1. Commerclal trap catches of sablefish by depth, season and year
off the west coast of Canada.

Jan-Apr May -Aug Sept-Deca

Total Kg/trap Tatal Kg/trap Total Kg/trap

Year Depth {m) catch (t} (mean) catch (t) (mean) catch (t) (mean)

1979 0-199 0 o 0 o 0.02 0.3
200-399 0 0 2.8 4 21.7 10
400-599 33.2 24 12.7 15 65.7 14
600-79% 113.5 17 331.% 12 139.3 23
800-1830 16.8 20 231.4 19 252.5 16
1980 0-199 0 0 0 o 0 ]
200-399 3.7 5 35,6 29 4.2 2
400-599 76.9 6 127.6 13 163.1 13
600-799 293.7 19 1050.5 19 370,7 17
800-1830 116.6 14 21.0 2 330.0 18
1981 (-19%9 0 0 0 0 0 0
200-399 7.5 10 235.5 23 72.3 13
400-599 410,2 21 3048 10 262.0 10
600.799 206.0 19 571.8 13 105.7 13
50.9 11 395,13 20 348.6 16

800-1830

dThe sablefish fishery closed on December 1 and Qctober & in 1980
and 1981, respectively.
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Previous studies have reported an increase in the size of sablefish with
depth, especially within the interval from surface to 200 m (Phillips,
1954; Heyamoto and Alton, 1965; Kennedy and Pletcher, 1968). Shippen
(1972) reported an increase in the average size of both sexes to 450 m
and a decrease for males and females at depths exceeding 450 and 650 m,
respectively. Ho change in the size distribution of trawl-caught
sablefish was apparent in the Bering Sea between 200 and 200 m (Kulikov,
1965). Mo size segregation by depth Interval in the commerclal catch has
been observed in the Canadian zone (Table 2).

Spawning biology

Sablefish spawn from January to March along the entire Pacific coast at
depths exceeding 300 m, Fertilization is external and the eggs incubate
bathypelagically (Mason et al., this symposium). Studies conducted
during 1980 and 1981 indicated that all adult sablefish spawn annually.
There was no appreciable spawning migration,

Mean length and age at 50% maturity were calculated for samples collected
during 1980 and 1981 (Mason et al., this symposium}, During 1980 the
mean size of males and females varied little among localities {Table 3}.
Females were larger than males (56.8 omn and 52.5 cm, respectively). Mean
ages at maturity were 4,8 for males and 5.1 for females indicating that
50% of males and females spawned for the first time at age 5.

Another survey of age and size at maturity was conducted during
November-December 1281 (Beamish et al,, 1983). The later survey produced
larger mean lengths for females at 50% maturlty, and males maturing at a
somewhat younger age (Table &4).

The discrepancies in size and age at maturity between the two studies and
among sampling areas probably reflects real variation and sampling error
both in the field and in the ageing laboratory. For example, we know
that sablefish grow very slowly in a particular area off the west coast
of Vancouver [sland (Beamish and Chilton, 1982}, and that generally,
faster growing marine fish tend te mature at younger ages {Beacham, 1982;
1983). The method of age determination is «ifficult (Beamish and
Chilton, 1982} and ageing errors cannot be discounted. In 1981, larger
members of the 1977 year-class matured and were recruited into the
fishable stock, The inclusien of these fish in the 1981 sample tends to
reduce average dge at maturity and, since they were larger than 60 om, to
increase the average size at maturlty. Thus, we have combined the 1980
and 1961 samples, resulting in average length and age at 50% maturity of
58,3 om and 5.2 yr for females and 52.8 cm and 4,8 yr for males

{Table 9).

Presently, a large year-class {1977) is being recruited into the

fishery. Approximately 50,000 of these Fish were tagged and released as
juveniles. The recovery of tagged fish from 1981 te 1983 may reveal any
tendency for fish te mature at larger sizes in northern latitudes and any
variation In age at maturity assoclated with area of residency.

Sex ratio

Male:female ratios of sablefish collected during prespawning and spawning
periods In 1980 and 1981 {mid-November to mid-March) were 1:3. During
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all other periods, the male to female ratio was 1:1.5 {Mason et al., this
symposium}. There was conslderable variability among samples., For
example, the sex ratio of 1138 fish sampled in June 1980 off the Queen
Charlotte Islands was 64% male, while In 1981 at the same time and
location, the ratio of a 300 fish sample was 66% female. Samples
collected from the Queen Charlotte Islands, Queen Charlotte Sound, and
Vancouver Island during November and December 1981, were predominantly
female, 64%, 75%, and B1% respectively. Samples collected from Queen
Charlotte Sound in fall 1980 showed the male to female ratio to be almost
1:1. Research samples of juvenlle sablefish {McFarlane and Beamish, this
symposium) contained 50% males and females. It is probable that the sex
ratio of the stock Is equal and the bias towards females is a reflection
of the Fishery selecting larger fish.

Table 3. Sablefish length and age at 50% maturity for four crulses in
January-March, 1980.

Length at 50% maturity Average age at 50% maturlty

Area 4 (n) ¢ (n} 4 (n) g {n)

Queen Charliotte Is 52.8 (396) 56.6 (1035} 4.5 (248) 4,8 (774)9
{52°N.-l.5. border}

Queen Charlotte Sd 51.3 (226} 57.5 (349) 5.8 (81) 6.0 (158)4
{50°50'N-52"N)

Yancouver Is (M} 55.6 (&4)2 2.0 {95)9 4.5 (36)4 6.0 (52)¢

(49°30'N-50"50"N)

Vancouver Is (S) 52.3 (233) 56,0 (604) 4.0 (85) 5.3 (187)4
Welghted mean 52,5 (919) 56.8 (2083) 4.8 (4300 5.1 (1171)
Mean 53.0 (&) 58.0 (4) 5.2 (4) 5,5 (&)

aNot determined by probit analysis.

Table &. Sablefish length and age at 50% maturity for November-December,
1981.

Length at 50% maturity Average age at 50% maturity

Area d (n} ¢ {n) 4 {n) ¢ {n)

Queen Charlotte Is 51.6 (240) 61.2 (393)4 4.2 {163) 5.6 (278}
{52°N-U.5. border)

Queen Charlotte Sd 54.6 (99) 63.4 (702) 4,9 (60)9 4,7 (493)4
(50°50'N-52°N)
Vancouver Is (N) 53.1 (92) 61.7 (415) 3.8 (48) 4.6 (234)

(49°30'N-50750"N)

Weighted mean 52.6 (431)  &2.4 (1510) 4,3 (271) 4.9 {(1003)
Mean 53.1 (3) 62.1 (3) 4.3 (3) 5.0 (3)

ANot determined by probit analysis.
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Table 5, Sableflsh length and age at 50% maturity for combined samples

tn 1980-1981,

Length at 50% maturity Average age at 50% maturity

Areq d (n) e {n} d (n) 2 {n}
Queen Charlotte Is 52.6 (636) 56.6 (1428) 4.6 (41139 5.1 (10%0)
{52°N-U.S. border)
Queen Charlotte Sd 51.9 {(325) 60.4 (1051) 5.6 (141) 5.6 {650)
(50°50'N-52"N)
Vancouver Is (N} 53.1 (158) 61.6 (510) 3.5 {84} 4.5 {286)
(49°30"N-50°50"N}
Vancouver Is (S) 52.3 (233)  56.0 {&04) 4,0 (85) 5.3 (187)
Weighted mean 52.4 {1350) 58.3 (3593) 4.8 (701) 5.2 (2173)
Mean 52.3 {4} S8.6 (4} 4.5 (4} 5.1 (4)

Table 6. Stomach contents of adelt sablefish captured in sunken
gillnets, August 1972 and bottom trawl, 1980,

Sunken gillnets

Bottom trawl

No. examined 78 1,131

Ne. empty 40 821
Food Item Volume (ec) % Volume {cc) %
Pacific herring - 856 24
RockflIsh (sp) 500 &1 40 1
Myctophid b 1 -
Unldentifled fish remains 119 15 628 24
Squid B} 4 1359 39
Jellyfish 75 9 -

Shrimps 27 3 19 <1
Octopus - 31 (4]
Crab 15 2 50 1
Euphausiids - 62 2
Amphipods - 80 2
Dther a6 5 175 2
Total 813 100 3,540 100
Feeding

A study of the stomach contents of sablefish recovered from traps may be
biased because it may be argued that only flsh that require food will go
inte the trap. Therefore, we have examined stomach contents of sablefish
captured in sunken gillnet and bottom trawl catches.
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Of the 78 sablefish examined from glillnet catches of f the Queen Charlotte
Islands in 1979 {Beamish et al.,, 1980} 38 stomachs contalned food items.
Fish remalns were dominant {76%} of which the majority {61% by volume)
were rockflsh (Table 8). During 1980 (Beamish et al., 1983) 821 (72%) of
the 1131 stomachs examined from sablefish captured in trawl nets were
empty. In stomachs which contained prey items fish or unidentified fish
remains were dominant (49%) {Table 6}. The dominant food Items were
Pacific herring {Clupea harengus) {24%) and squid (38%). These samples
clearly show that the majority of the sablefish had not fed. The absence
of food In the stomachs of sablefish is a common observation in the
commercial fishery, and may explain why sablefish are so easily trapped.

In other studies, sablefish have been reported to feed on a wide varlety
of organisms depending on the season and location and the relatlve
availability of prey {Shubnikov, 1963; Kodolov, 1978)}. Items observed in
sablefish stomachs, complled mainly from research coanducted In the Berlng
Sea {Shubnikov, 1963; Kodolov, 1978}, Is presented in Table 7. In the
Bering Sea, fishes, cephalopods and coelenterates comprise most of the
diet whereas along the coast of North Amerlica, fishes, cephalopods and
shrimps predominate and coelenterates appear to be much less important
{(Kodolov, 1978).

Biomass estimate

Although the tagging program was not designed to estimate population
size, biomass was determined to provide an approximate estimate.
Population estimates were calculated from an adaption of the slmple
Petersen equation,

NEE)=M(3) (1-L) (Tem) (S**(1-1)){r (i, 5)(C(1) / R(1,5) (1+a)

where: N = population estimate of sablefish in year 1 from releases 1In
vear i3 M = number of tagged sablefish released in year j; L = rate of
tag less; m = rate of tagging mortality; $ = annual survival rate; r =
the proportion of togged sablefish released in vear j and recaptured in
water of the same area in year i; C = landed catch in numbers of
sablefish In year i; R = number of recaptures In year i from releases In
year }; a = rate of non-reporting.

The ability of the Petersen model to produce reliable estimates of
population Is dependent on the accuracy with which the individual
parameters In the equatien can be determined. Estimates of tag loss,
survival, and the rate of emigration were calculated as separate
components to the Petersen equation, HNon-reporting of tag recaptures and
tagging mortality had to be estimated., Values used 1n this analysis are
as follows: L (rate of tag loss) = G.075; S (survival rate ) = 0,53} r
(rate of emigration) = 0.01-0.08; a (rate of non-reporting) = C.1; m
{rate of tagging mortality = 0.1,

The estimated total biomass for the Canadian zere was 36,593 t for 1981.
Confidence limits were estimated for specific areas, however, lack of
data in other areas precluded estimating confidence limits for the whole
coast.

Age and growth

The oldest age determined to date for sablefish Is 55 yr, however, the
majority of fish range from 4 to 35 yr (Fig. 2}, The average age of the
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samples was 20.2, 12.7 and 16.5 years In 197%, 1980,
respectively. The average age of males (19.5, 12.8,
similar to that of females (21, 12.5, and 14.6 vyr),
average age for 1980 and 1981 [s due to the presence
year-class In the fishery.

and 1981,

and 16.4% yr) was
The decrease in
of the strong 1977

Juvenlle sableflish show spectacular growth in length during the first
year, after which growth Is slower (McFarlane and Beamish, this
symposium). Males and females show similar lengths up to the age of 4
after which females are significantly larger {(t-test, p<0.05) at given
ages (McFarlane and BeamIsh, thls symposium).
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sablefish stocks off the
west coast of British
{olumbia in 1980 and

1987. Von Bertalanffy
parameters are presented
in Table B,

Growth of mature Fish is constant and
(Fig. 3). Growth in length for males
13 and for females after age 15 (Fig,
than males and both males and females
during which little growth occurs.
K and t, are presented in Table P

relatively rapld to about age 10
is greatly reduced after age 12 or
3). Females attaln larger slzes
continue to live for long periods
The von Rertaelanffy constants L,
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Table 8. Von Bertalanffy parameters for curves fitted to the mean length
at age data for sableflsh by area presented in Fig. 3. L, values

given In em. Mean lengths from the 1977 year-class at age 1, 2, and 3
years old were Included in calculating von Bertalanffy parameters.

von Bertalanffy parameters

Menth Mo. of

Area Year sampled Sex observations ty Kk L,

5E 1980 Jan-Feb M 348 -0.79 0.338 65.%
F 876 -0.932 0.263 76,2
T 1,224 -0.93 0.269 74.3

>A-5B 1981 Hov M 210 -1.07 0.290 66.7
F 643 -0,77 0.249 81.4
T 853 -0.86 0.243 80.1

3C-3D 1281 MNov M 269 -0.67 G.350 664
F 599 -0,41 0.317 79.8
T 848 -0.45 0.322 764

Mean annual growth of mature sablefish based on otolith ages, ranges From
0,17 ta 0.26 on for males and 0.55 to 0.66 om for females, Measurement
of tagged and recovered sablefish corroborates this low rate of annual
growth {Table 3). As reported previously (Beamish et al,, 1980), if all
measurements from tagging are used there has been a net decrease In some
length groups. The absence of a net increase is related to shrinkage
during freezing. If fish were measured immediately upon recovery wlthout
freezing then there was a definite trend to a net increase in length with
time (Table 10). If only fresh measurements are considered, the mean
annual I[ncrement for males (0.47 om), as expected, is less than for
females {(0.80 cm). Combining samples by time at liberty rather than age
can hias the results if unequal numbers of younger faster growing Ffish
are recovered. However, at this time we wanted te show only that
sablefish grow very slowly, corroborating estimates obtained from age
analysis,

The length-weight relationship is exponential {Fig, % & 5}. The seasonal
relationshlips were:

W= 1.4 x 107 8(F)32025
W = 2.9 x 10 8(p) 32973

{ Summer )

{(%inter-post spawning)
Calculated weights at length for the winter, post-spawning period are
approximately 15% lower than the summer length-weight relatienship,
reflecting the release of the gonadal products.

Stock structure and strong year-classes

Size composition of sablefish from the commercial catch from 1979 to 1982
ranged from 30 to 104 cm off the Queen Charlotte Islands, 38 to 104 om
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Table. 9. Average growth of recovered sahlefish,

COnly sablefish measured In
fresh condition by

All recovered sablefish fisheries staff

Years  Average Average

after  growth growth
tagging  {cm) 5.0. n {cm) 5.0,

0 -0.,63 2.1% 520 0.99 2N

0.5 -0.25 1.95 1324 0,52 1.81 138

1,0 -0.51 2.30 1430 0.43 2.63

1.5 -G.53 2,33 425 0,99 2.4

2.0 -0.62 2,40 326 0.61 1.54

2.5 -0,82 2.97 83 -0.18 0.87

3.0 -0.92 2,77 126 6.1 5.88

3.5 ~1.% 0.71 2 - -

Table 10. Average growth (em} of recaovered sablefish with release
length greater or equal to 60 cm, and measured in fresh condition by
fisheries staff. (Includes recoveries up to December 31, 1981.}

Mumber of growing x annual .
seasons  at large {ncrement x growth S.D. n
Males
1 0.48 0.47 1.7 28
2 0.16 0,31 1.0 21
3 0.76 2.27 2.0 3
% annual increment 0.47
Females
1 0.54 0.54 1.6 8
2 Q.44 0.87 3.3 45
3 0.95 2.56 2.1 5
4 1.39 5.5 6.6 5
5 0.80 4,00 4.9 2
% annual increment 0.80¢

aGroning season taken as June to September.
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of f Queen Charlotte Sound and 38 to 114 em off the west coast of
Vancouver Island. The mean lengths of males and females in the samples
have Increased steadlly since 1979 (Table 17). At this time it is not
known whether the increase In mean length can be attributed to a shift in
areas filshed by commercial vessels. The reduced mean lenath of both
males and females in the 1982 samples off the west coast of Vancouver
Island Is probably & reflection of the heavier recrultment of the 1977
year-class to this area in 1982 (McFarlane and Beamish, this sympos ium},

As mentioned, females attain larger sizes than males. For all areas and
years, less than 10% of the males and more than 55% of the females were
larger than 70 cm. In samples from some areas less than 1% of the males
were larger than 70 cm compared to 58% of the females,

Table 11, Size composition of sablefish catches sampled at sea, Including
discards, by area and year.

Queen Charlotte Queen Charlotte West Coast

Islands Sound Vancouver Island
Year M F M F M F
1979 Range in length {om) - - - - 40-73 46-89
Mean length {am) no samples no samples 55.5 66.8
n 604 653

1980 Ramge in length (am)  41-81  30-104  42-74 4498 42-82  41-97
Mean length (om) 604 69,4 55.1 62.8 586  67.3
n 36 1035 239 417 439 534

1981 Range in length {om)  43-88  41-107  43-80  49-104 406-91 43114

Mean length {am) 61,1 70.1 0.8 72,6 62.0 705
n 545 ] 437 1081 474 1589
1982  Range In length {am) 44-89 43-104 38-85 47-102 38-86 40-103
Mean lemgth (om) &3 T2.2 .2 M3 9.5 615
n 16 654 1408 2378 887 1795

During late 1977, a large number of young-of-the-year sablefish appeared
in Hecate Strait, Queen Charlotte Sound and the mainland inlets and
reports of their abundance contfinued In 1978, 1979, and 1980 (McFarlane
and Beamish, this symposium). This strong yedr-class has been reported
from all areas of the northeast Pacific Ocean (Balsiger, 1982).

Age frequencies for male and female sablefish sampled in 1980 and 1281
(Fig. 6 & 7) indicated the presence of strong year-classes in 1977, the
late 1960s and the early 1960s. These strong year-classes could not be
identifled in age composition data from the commercial cateh for males
and females combined (Fig. 2). A simple reconstruction of cohort
strength for age frequencies of females corrected for natural mortallty
(M} of 0.1 {Table 12) indicated that strong year-classes oceurred in the
late 1960s, the late 1950s/early 19é0s and the early 1950s. We recognize
that there are problems associated with the assumptlons used to estimate
cohort strength, such as the use of a constant natural mortallty
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rate that 1s influenced by year-class strength, the applicatlon of this rate
without consideratlion of the history of the fishery, the small numbers of
older fish in the samples, and ageing errors. However, because of the large
number of age groups in the fishery, and the fact that there has been ne
indication that a fishery targeted on any particular year-class, the
comparison is useful in determining relative year-class strength.

Table 12. Relative year-class strength of female sableflsh captured of f
the Queen Charlotte Islands in 1280 and 1981. HNumbers at age corrected
for natural mortality {0.1),

1280 1981

n corrected for n corrected for
Year-class Age n  natural mortality  Age n natural mortality
1975 5 10 11 & 1 12
74 6 23 28 7 16 20
73 7 30 41 8 15 21
72 8 31 47 9 12 18
71 9 3a &1 10 8 T4
70 10 41 77 1 4 24
69 11 48 1o 12 52 109
68 12 51 142 13 24 56
&7 13 86 222 14 53 137
66 14 54 155 15 24 69
65 15 34 108 16 32 102
Bt 16 56 198 17 22 73
63 17 27 106 13 20 79
62 18 26 113 12 21 92
61 19 24 117 20 18 87
&0 20 17 92 21 26 140
59 21 9 54 22 14 84
58 22 10 67 23 17 113
57 23 2 13 24 15 118
56 24 6 49 795 [ 49
55 25 4 37 ’6 1 101
54 26 4 41 27 L 81
53 27 1 " 28 10 113
52 28 2 26 29 4 20
51 29 0 - 30 é 84
50 30 2 28 31 é 23
49 31 1 17 3z 5 8&
48 32 1 19 33 1 &4

|
|
|
|
|
|
|

Anecdotal Informatlon from fishermen and a study of the relative
abundance of juvenile sableflsh in the diet of Pacific ced (Gadus
macrocephalus} captured In inside waters {Fig. 8; Westrheim and Harling,
7983) indicated that juveniles were shurdant in the late 1%70s, the late
1960s, and the late 1950s, or early 1960s. These reports corroborate the
approximate years of strong year-classes detemmined from the xe
reconstructions.
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Balley (1981) related the development of strong year-classes in Pacific
hake {Merluccius productus} to the presence of strong onshore currents
{(Ekman transport) durlng the spawning period and Mysak et al, {1982} have
demonstrated a relationship between Interannual baroclinic waves and fish
populations in the northeast Pacific Ocean. It is beyond the scope of
this paper to discuss the mechanisms causing strong year-classes,
however, there Is little doubt that oceanographic conditions contribute
to the success of some year-classes.

The Importance of a large number of age groups for sablefish is unknown.
It is possible that the ability to live to older ages permits

sablefish to survive in an environment where food may be scarce and where
recruitment is limited for extended periods.

In contrast to mature Endividuals, atively growing juveniles are found
in Inshore shallower waters, where food resources are greater. In the
of fshore waters, after maturation, growth is reduced. It s probable
that most energy, surplus to maintenance requirements is used for
reproduction. The extension of the reproductive life probably is an
adaptation to surviving In the deeper offshore areas, particularly in
times of unfavorable environmental conditions., It appears that under
conditions of limited recruitment the stability of the populations may
depend on maintenance of the age structure in the population. It also
appears that the success of any year-class is dependent on its ability to
move Into areas of high productivity.
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Age and growth of sablefish landed in
Eureka, California: A comparison of
conventional surface age assignments with
sectioned otolith assignments

Ryoji Maeda

David Hankin

Humboldt State University
Arcata, California, U.S.A.

Abstract

Sablefish were sampled at Fureka fish processing plants and while on
board &4 commercial Fureka-basgsed trawling vessel during 1979 and
1980. Conventional surface aging methods, applied to scales and
whole otoliths, revealed that females grew more rapidly than males,
and that size at age for Fureka-landed sablefish is greater than for
more northern stocks. We obaserved seasonal changes in proportions
of sablefish showing newly-formed annuli on scales and otoliths; this
may suggest that apparent surface annuli docorrespond to annual
events,

A sample of 28 whoele otoliths from previously surface-aged fish was
sent to the Pacific Biclogical Station for age assignments using the
burnt section ctolith methed. Eighteen of 23 female specimens had age
assignments by both techniques that were within £ 2 years of one
another. Remaining female specimens had greater discrepancies, but
there was no obvious trend of discrepancy with fish size or conven-
tional age assignment. Serious discrepancies (18-24 years) were found
for three of five male specimens, but diacrepancies for two intermed-
iate-sized males were 0 and 2 years. Conventional age asgignments
appear to be reasonably sound for females, at least up to 80 ¢cm, but
are probably seriously in error for slower-growing males if otolith
section ages are valid.

Based on the apparent correlation of age discrepancies with time of
capture, and upen the apparent dramatic variation in male size at age
in otolith section ages, we apeculate that the Fureka fishery may har-
vest more than one sablefish stock and that a migratory slower-grow -
ing atock may enter the fishery in late fall. We hope to investigate the
plausibility of this speculation in future wark.



Introduction

Although nearly cne-third of all sablefish (Anoplopoma fimbria)
caught by trawl gear off California, Oregon and Washington in the
past decade have beenlanded in the port of Eureka, California, little
scientific effort has been devoted to characterization of local harvests.
The primary objectives of the research described in this paper were
to: 1) compare the reliability of aging sablefish from scales and whole
otoliths; 2) determine the most appropriate back-caleulation proce -
dures; 3) generate conventional Von Bertalanffy growth curve parame-
ter estimates for both male and female sahlefish; and 4) using these
partameter estimates, derive estimates of natural mortality rates (M),
Regearch objectives thus involved a conventional age and growth
assessment for sablefish landed in Eureka, California; to our know-
ledge, no previous assessment of this nature has been conducted for
Eureka-landed sablefish.

While realizing our primary objectives, we secured a draft of a now-
published paper by Beamish and Chilton {1982) concerning assessment
of sablefish age through examination of burnt sections of otoliths.
After our study was completed, we sent a sample of 28 whole otoliths
to the Pacific Biological Station to contrast our cenventional age
assignments with their otolith section age assignments. Discrepancies
hetween age assignments by the two techniques were of sufficient
interest that we felt their presentation at the International Sablefish
Symposium would be of general interest; hence this brief paper.

Materials and Methods

Sample collections.

Sablefish scales and otoliths were collected by two methods: 1) sam-
pling commercial landings at local fish processing plants; and 2)
sampling catches at sea while on board a commercial Eureka-based
trawling vessel. Most of the specimens used for aging purposes were
collected at sea, because market samples did not provide a large
range of sablefish sizes (and presumably ages). Market samples were
obtained weekly or biweekly from September through November, 1979.
Samples at sea were collected during June through Aupgust, 1980, and
in November, 1980.

Market samples were selected from standard 1000 pound capacity
boxes by sytematically selecting every other fish until two plastic
buckets, each holding about 80 poundsa of sablefish, were collected.
A total of 404 fish were sampled at the markets in this manner, of
which 101 had been dressed. Dressed fish were measured from the
origin of the first doreal fin to the center of the forked tail; these
measurements were later converted to fork length using the conver-
sion factor reported by Phillips (1954). Whole fish were dissected to
determine sex, weighed to the nearest ounce when time permitted,
and fork lengths recorded in whole centimeters following Holden (1974).
Otolith pairs {sagittae) and scales were removed from all sampled
whole fish. Scales were removed from the base of the first dorsal fin
{Pruter 1954; Sasaki 1971) from both sides of the body. In addition,
groups of scales from different regions of the body were remaoved
from a single fish to determine which region provided scales which
were most easily read {see Sasaki 1971; and Figure 1).
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Figure 1. Depiction of regions of the body from which scales were
removed to evaluate scale readability. Actual scale measurements
and age assignments are hased on scales removed from regionl,
jmmediately below the first dorsal fin.

Sampling at sea was conducted using an otter trawl with a 4 1/2 inch
{11 cm) stretched mesh cod-end Yner. Incidentally harvested sable-
fish were sorted from target species; the largest and smallest fish
were purposively selected to expand size range among collected fish.
Intermediate -sized sablefish were selected randomly. The total num -
ber of fish gsampled at sea was 1957; scales and otoliths were c¢ollected
from 1364 fish, Sex of fish was determined by dissection, and measure-
ments of body length were made as for market sampling. Fishing areas
ranged from just south of Rureka (latitude 40941'N) to Cape Sebastian,
Oregon (latitude 42°14'N), at depths ranging from 40 to 430 fathoms,
but most sampling took place between 300 and 400 fathoms {Figure 2).

Sample preparation, age determination, and data analyses,

Scales. Scales, which had previcusly been stored in dry coin envelopes,
were soaked in detergent solution for 12-24 hr prior to mounting and
reading. Usually six non-regenerated scales per fish were read.
Scales were mounted on slides, examined on 2 microfiche reader at

a usual magnification of 24x, and annuli and scale radii measurements
{from the focus to the anterior margins and to the outer edges of
annular marks) taken from the anterior field of long elongated scales
(see Pruter 1954). Scale measurements were made for at least three
readable scales for each fish; later a seriea of measurements from a
single fish was used for back-calculation purposes, based on a sub-
jective assessment of scale feature clarity.

Approximately 15 fish per 5 e body length intervals for each sex
were randomly selected for age determination; for length groups for
which total samples were less than 15, all fish were included and
sample sizes always exceeded six fish with one exception: only two
fish over 91 cm were collected. Figh sizes ranged from 32 to 97 em.,
Conventicnal criteria for detection of annular marks were used to
establish annuli, and ages were assigned following Lal.ane (1979) and
Williams and Bedford (1973).

In addition, the proportion of fish exhibiting newly-formed annuli for
the above samples was recorded by sampling period in order to deter-
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mine the approximate time of apparent annulus formation; only mature
fish ranging from about 45 to 75 ¢m fork length were used for thia
determination.
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Figure 2., Approximate sablefish collection area off narthern California
and southern Oregon (hatched area). Dotted lines show 100 and 500
fathom ischars.

Ctoliths., Fifteen males and fifteen females per 5 cm bedy length in-
tervals were selected randomly for age determinations and otolith
measurements, as for scales. Not all fish selected for aging using
otolithe were also aged using scales; for certain individuals, ages
could not be reliably assessed by one technigue. Otolith and scale
age determinations were jointly made on a total of 189 female and
174 male sablefish. Otolithe were soaked in 707 ethyl alcohol for
several days before reading, and were examined under a diegsecting
microscope at 7-12x magnification over a black background using
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reflected light. Counts of hyaline zones wete used as the basis for
age assignments. Of a pair of otoliths {right and left sagittae), either
one was read at least twice and the more confident readings were used
for back-calculations. Measurements were taken from the fecus to the
anterior margin of annuli and otoliths using an ocular micrometer,
and were all scaled to 7x magnification.

Data analyses. Allometric length-weight relationships were derived
for males and females separately, and for combined sexes, using
approximately five randomly selected fish per 5 ¢m body length inter-
val. Both linear and non-linear body length-scale radius and body
length-otolith radius relationships were fit by linear least-squares
regression, sometimes requiring log transformation of data. Back-
calculations wer e carried out using three distinct methods for com-
parison: 1) Lea's formula (Lea 1910); Fraser and Lee's formula
{(Fraser 1916; Lee 1920}; and 3) Monaatyrsky's formula (Monastyrsky
1930},

Pogsible differences between age determinations from otoliths and
scales, and between calculated mean lengths at age for both males
and females were examined through paired t-tests. Calculated mean
length at age data were used to fit Von Bertalanffy equations using
standard procedures {Ricker 1975). Based on calculated Von Berta-
lanffy growth parameters, the instantancous natural mortality rate
(M) for sablefish was estimated following techniques presented in

1) Alverson and Carney (1975) and Taylor (1958); and in 2) Pauly
{1980},

Contrasting conventional surface ages with burnt-section otolith ages.

In June of 1982, a sample of whole otoliths from 28 sablefish ranging
in length from 55 to 87 cm was sent to Dr. R.J. Beamish, Director,
Fisheries Research Branch, Pacific Biological Station, Nanaime,
B.C., for age assessment by the otolith section method (see Beamish
and Chilton 1982). Conventional surface otolith ages had been previcus-
ly determined (Maeda 1982} for all of these specimens. Doris Chilton,
Supervisor of the Aging Lab, kindly agreed to age these specimens

for us using the burnt section method; results of these contrasting age
assignments are presented below.

Results
Sex ratios, sizes at maturity and length-weight relations.

In both market samples and in November 1980 collections at sea,
male:fermale sex ratio was approximately 2:1, The smallest sexually
mature sablefish observed had fork lengths of 43 ¢m {males) and 49
cm {females). Weights of fich ranged from 339 g (FL 32 em) to 4653 g
(FL 75 cm) far males, and from 339 g (FL 34 cm) to 9136 g {F'L 91 cm)
for females. The combined sexes allometric length-weight relation
was -5 _3.248

W =0.,213% 10 L ; where W=weight in grams; L. = FL in mm
Relationships for the two sexes were nearly identical. Comparison of
Fulton's condition factors {in W = CL”) showed a significant change in
condition factors with increasing fish size, but no difference between
sexes. Condition factors for juvenile sablefish {1+ and 2+ ) were sig-
nificantly smaller than for older fish.
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Age determination and age assignments.

Readability. Long elongated scales from the base of the first dorsal
fin were found most easily read, although other regions of the hody
{regions a,b,c,d,h and n on Figure 1) had scales with relatively
clear apparent annular marks. Aging of females by both otoliths and
scales was generally easier and presumably reflected differences in
growth rates between sexes. Assigned ages (those judged reliable)
as determined from scalea and otoliths ranged from 1+ to 18+ and
from 1+ to 17+ respectively,

Faired-sample t-test statisticss computed between otolith- and scale-
determined ages for both males and females for which ages had been
determined by both techniques, failed to indicate a significant differ-
ence between age assignments for either sex. T -tests also revealed
that lengthe at capture of ages 14 and 2+ males and females were not
significantly different. Beyond age 2+, females were larger than males.

Annulus formation, The percentage of fish with newly-formed annuli
on scale margins was lowest {5%) in the beginning of August and then
increased through October when the proportion reached a high of 44%
(Figure 3); the proportion was about 3% in late November., Examina-
tion of otoliths revealed a similar trend. Although these results are
hardly conclusive, and did not cover all months of the yoar, there
does appear to be a strong seasonality to apparent anmlus formation;
the proportion of fish showing plus growth did correspond to likely
pericds of greatest seasonal growth.

Percent

Month

Figure 3. Percentage of sablefish scales with newly-formed annuli on
the margin by different sampling perieds, northern California,
1979-1980. Samples from September through early November were
obtained by market sampling in Fureka, California, during 1979.
Samples from June through August and iz late November were ob-
tained by bottem trawling during 1980. Sample sizes above points.
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Back-calculations and derived growth patterns.

Body lenpth-scale radius and -otolith radius relationships. Linear
medels adequately described body length-scale radius and body length-
otelith radius relationships for both sexes and for combined sexes.
Reduetion of unexplained variation achieved through the use of non-
lingar models was small and estimates of b {in L = aSh} were usually
close to 1, Based on a combined sex sample size of 276 fish, the
correlation coefficient for the linear model applied to scales was
0.9143; for ctoliths, based on 286 fish, the linear model correlation
coefficient was 0.8977.

Probably because the intercepts for the linear models were fairly
small (about 10 cm for scales and about -5 cm for otoliths}, back-
calculations computed by all thtee of the techniques used were similar
for scales; however, the non-linear (Monastyrsky's) back-czalculation
method applied to otoliths resulted in apparent sericus negative bias
far older ages, especially when compared to the results for scales.
Maeda (1982) concluded that use of Lea’s formula for scales and
Fraser and Lee's formula for otoliths gave most reliable results, and
that these results compared favorably with collections of fish which
exhibited no plus growth at capture.

Von Bertalanffy growth curves and mortality rate estimates. Growth
of males, as determined from back-calculations, was considerably
slower than of females (Figure 4). Differences in size at age were
obvious as early as age three.
Von Bertalanffy growth curve
parameter estimates reflected
this obvious difference. Predicted
b ultimate lengths for males and
females, based both on scales
and oteliths, were about 72 and
87 cm respectively. Predicted
lengths at age agreed favorably
with back-calculated lengths at
age (Table 1}.

Using Pauly's technique, and as-
suming an average temperature
at 200 fathomsa of 5.59C, instan-
taneous natural mortlaity rate
{M) was estimated to be 0.19 .
Alverson and Carney's (1975)
method, which does not rely on
mean environmental temperature,
— I gave M=0.25. This figure has
2 4 6 8 10 12 previously been assumed appro-
AGE priate for sablefish (Low et al.
1976).

FORK LENGTH (cm)

Figure 4. Mean back-calculated
fork lengths at age by Fraser
and Lee's method for male
and female sablefish collected
in northern California, 1979-
1980. Based on reading of
whole otoliths.



Table 1. Observed {back-calculated) and predicted (based on fitked Von
Bertalanffy equations) fork lengthe at age for male and fernale sable-
fish landed in Eureka, California, 1979-1980, based on surface
ages read from scales.

Males Females

Age Observed (cm) Predicted® Obgerved (cm} 1:"1--3'tii<:(:edb
e

1 29.5 29.1 30.0 29.5
2 39.8 39.0 40.9 38.9
3 46.4 46 .6 47.9 46.8
4 51.6 52.5 53.6 53.4
5 56.0 56.9 58.4 59.0
6 60.0 60.4 62.8 63.6
7 63.7 63.0 67.3 67.5
8 65.7 65.0 71,0 70.7
9 66.6 66.5 73.8 73.4

10 67.4 67.7 76.53 75.7
11 - 68.6 78.4 77.6
12 S 69.3 79.3 79.2
13 ———- 9.9 79.4 80.6

F 8
& - 71.62 {J -e"2657“+0'9642h

bn
lt = 87.43 (1 - e—.l???[t+l.3128h

Comparison of conventional surface ages with otolith section ages

Of the 28 whole otoliths which were sent to the Pacific Bioclogical
Station for comparison of age assignments, 23 were from females
and five were from males. Age discrepancies among females were
not alarming. Among the female samples, ages were in agreement

in 10 cases and were within # 2 years in an additional eight cases,
giving a total of 18 out of 23 cases for which age assignments were
judged to be in essential agreement. There was no clear pattern of
discrepancies with size of femnale or with conventional surface age
agsignment. For example, an 86 cm female aged by Maeda (1982)

as 17+ had the same otolith section age assignment, but a 62 ¢m figh
aged by Maeda as 6+ had an otolith section age assignment of about 30.
For this latter fish, Doria Chilton observed that otolith features were
simnilar to those encountered with slow-growing males; it is possible
that this individual was incorrectly coded as a female.

Among the male specimens for which comparative age assignments
were available, discrepancies were very large in three of five cases.
Tweo 55 em specimens for which Maeda had obtained surface ages of
5+ and 6+ had otolith section ages of ® 23 and 30+, A 67 cm specimen
aged by Maeda as 6+ had an otolith section age assignment of 29+.
However, two intermediate-sized males of 63 and 66 cm which Maeda
had aged at 6+ and 7+ had otolith section ages of 6+ and 9+. The full
tabulation of comparisons, including datea of capture, is presented in
Table 2,
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Table 2. Comparison of conventional surface age assignments with
burnt section otolith age assigniments for sablefish landed in Eurecka,
California, 1979-1980.

Females
Collection Fark Surface Section Difference
Date Length (em) Aged AgeD [Section - Surface)
08-20-80 61 5+ 5+ 0
11-06-79 62 6+ m30C ~ 424
07-02-80 66 6+ 7+ +1
07-17-80 67 7+ 8+ +1
07-02-80 68 T+ 7+ 0
07-02-80 69 7+ 7+ 0
07-02-80 71 6+ 6+ 0
07-02-80 72 10+ 9+ -1
07-02-80 73 8+ 7+ -1
11-06-79 73 7+ 7+ 0
08-20-80 74 T+ 124 5
07-02-80 74 10+ 114 +1
07-02-80 75 10+ 124 +2
07-02-80 76 9+ 7+ -2
08-13-80 77 12+ 12+ 0
07-02-80 77 10+ 10+ 0
07-02-80 78 12+ 12+d Q
06-27-80 79 11+ 1272 0
08-13-80 80 9+ 14+ +5
06-27-80 85 9+ 21+ +12
07-02-80 86 12+ 14+ 12
07-02-80 86 17+ 17+ 0
07-17-80 87 25+7€ 31+ 67
Males
11-26-80 55 5+ /23 ~+18
11-06-79 G 6+ 30+ +24
07-02-80 63 6+ 6+ 0
08-13-80 66 7+ 9+ +2
08-20-80 67 6+ 29+ +23
a
From Maeda (1982), based on whole otoliths.
b

Based on burnt-section otolith reading, Pacific Biolegical Station,
personal communication.
cPacific Biological Station comment: "looks like a slow-growing male"
dPacific Biologiczal Station comment: "annulus on edge ?"
eSurface age as determined by Maeda (1982) judged unreliable.
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Discusasion

It is unfortunate that such a small sample of specimens was gent to
the Pacific Biological Station for comparison of age assignmente by
conventional surface and otolith section methods, particularly of
males for which discrepancies were greatest. Had we suspected that
the pattern of discrepancies would be so bizarre, we would probably
have sent more specimens. As it was, however, Pacific Biological
Station staff kindly performed the age assessments for ue at no cost
and we were reluctant to impose upor. the Station for a larger sample.

Nevertheless, the small sample used for comparieon does seem to
strongly implicate very serious errors in age assignments for male
sablefish based on conventional surface aging methods applied to both
scales and whole otolithas. Discrepancies arnong female age assign-
ments, at least for fish less than perhaps 80 cm, were a hit less dis-
concerting and lacked obvious trends with female size or conventional
age assignment. We have tentatively concluded that ages of fast-grow-
ing females may be fairly reliably assessed by conventional surface
methods, but that conventional methoda may seriocusly fail when
applied to slower-growing males or to slow-growing stocks of sable-
fish. This conclusion presumes that otolith section ages are valid.

There are some intriguing features of the discrepancies which were
found in the small sample used for comparison of age assignments,
and it is difficult to resist the temptation to speculate as to the possi-
ble causes for the observed pattern of discrepancies. At the risk of
embarrasaing ourselves with questionable inferences, but in the spi-
rit of promoting discussion at thie Symposium, we have not resisted
the temptation to speculate. Careful scrutiny of Table 2 shows that
three of the four specimens for which aging discrepancies were great-
est were collected during the month of November (two males and one
fernale, perhaps a misclassified male). Among the entire sample of
28 otoliths sent to the Pacific Biological Station, there were only four
specimens which had been collected in November; remaining speci -
mens were collected primarily during June through August. There
were no abhsolute discrepancies in excess of two years for those speci-
mens which were collected on 07-02-80; vet these specimens consti-
tuted fully 50% of the entire constrast sample.In addition, among the
three male specimens which were caollected during July and August,
ages were in close agreement in two cases. These three fish, aged by
Maeda as 6+, 7+, and 6+, but by otolith section as 6+, 9+, and 29+,
had lengths of 63, 66, and 67 ¢cm respectively. The other twe male
specimens, collected in November, aged by Maeda as 5+ and 6+ but by
otolith section ag =23 and 30+, both had lengths of 55 cm. Thus, agree-
ment among males was best for intermediate-sized fish.

The above two general chservations — that aging discrepancies may
be correlated with titme of capture, and that aging discrepancies for
slower-growing males do not seem nicely related to male size -
prompt us to speculate that the aging discrepancies may, at least in
part, result from the existence of mixed and migratory stocks of
sablefish, with widely differing growth rates, which are jointly har-
vested in the Fureka fishery.

Although the above speculation appears to diverge from conventional
wisdom concerning sablefish stock mixing {e.g. the Monterey, Cali-
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fornia, fishery, is believed to be based on & single local stock; sece
PEMC 1982), one is hard pressed to resolve the pattern of age dis-
crepancies without conjuring up an hypothesis which involves multiple
local stocks in the Hureka fishery. Alternative hypotheses, for exam-
ple that growth rates among males within the same stock are rather
exceptionally variable, seem far less tenable, although certainly pos-
sible. Although our speculation of the existence of multiple local
stocks rests on a near dismally amall sample in which the importance
of time of capture is confounded by fish sex, we intend to pursue
study of this possibility in future research. We plan to contrast dis-
crepancies between conventional surface and otolith section age as-
signments with time of capture and with meristic /morphometric and
perhaps electrophoretic measurements of sampled fish. Should age
discrepancies be highly correlated with characteristics indicative of
distinct races of fish and with time of capture, then at least some of
the reasons for the aging discrepancies may be resolved. We also
hope to learn, from information presented at this Symposium,
whether results from recent sablefish tagging can shed any light on
these issues.

Finally, our conventional age assignments, regardless of their validi-
ty for slower-growing sablefish, do suggest that Fureka-landed sable-
fish grow more rapidly than more northern stocks, and that local
stocks also exhibit strong sexual dimorphism of growth. It is our un-
derstanding that sexual dimorphism of growth is also striking among
many rockfishes. Since for sablefish female growth is more rapid
than male growth, an intensive fishery would probably selectively re-
move the faster-growing females at a greater rate than the slower-
growing males. Thus females, which are presumably of greater re-
productive impartance for eventual sablefish recruitment, would
likely be reduced in numbers and biomass to a far greater extent than
would would be so for males, Surprisingly, the problem of optimal
harvest strategies in the face of strong sexual dimorphism of growth
seems to have received little attention. Our naive impression is that
size limits should be set such that the fernale stock is less likely to
be severely impacted. This, coupled with the (usually) increasing
economic value of sablefish with increasing size, would argue for a
size ¥mit which probably exceeds the effective size limit now imposed
through mesh size regulation and /or market conditions. However, an
increased size of harvest would also result in an underharvest of the
slower-growing males which have lower reproductive value to stocks.

Maeda's {1982) and other observations {Alverson ef al. 1964} of
roughly 2:1 male:female sex ratios in trawl catches may be indicative
of the effectively greater harvest rates which are applied to females.
Alternatively, the predominance of males in our samples may be a
reflection of migration of females away from males during certain
times of the year. For example, Beamish (1980) suggested that fe-
males may undergo an early fall migration to depths as great as
1,000-1,500 fathoms and he reported October catches at these depths
which were 92% female. Perhaps the long-term solution to effective
management of sablefish stocks, in light of strong sexuval dimorphism
of prowth, lies in a thorough understanding of this kind of migratory
behavior coupled with corresponding sex-targeted fisheries.
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Use of oxytetracycline and other methods to
validate a method of age determination
for sablefish
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Nanaimo, British Columbia, Canada

Abstract

Length frequency analysis, tagging studles and daily growth ring counts
were used to identify anmnuli for juveniles. The identification of annuli
for adults was validated hy marking otcliths with oxytetracycline, A
dosage of 100 mg/kg of oxytetracycline caused increased martality In the
natural environment but not in the labcratory. The most suitable dosage
appeared to be 50 mg/kg. Most fish that had been at liberty for 3 to >
years were found to have added the numter of annuli eguivalent to, or
very close to, the years at liberty. Thers was no indication that the
method over-estimated true ages. The position of the oxytetracycline
mark confirmed that oteliths continue to grow in thickness and that
otolith surface growth was irregular or absent. The irregularity of
growth at the periphery of the external surfaces indicates that older
fish cannot be aged reliably by vlewing the surface of the otalith.

The method of age determination Is valid for most fish although
{nterpretation of annuli can be difficult and some older fish may not
form annual growth Zones.

introduction

The method of ageing sablefish {Anoplopoma fimbria) was developed and
partially validated by Beamish and Chiiton {1982}. The range of ages
produced by this method was cansiderably greater than ages produced in
other studies {see Beamish and Chilton, 19892} that relied on
interpretations of annull using the otolith surface. Beamlsh and Chilton
acknowledged that the interpretation of the otollth section was
difficult, however, thelr preliminary attempts at validating thelr
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Interpretations confirmed that the zones identified as annull did form
once a yedar. [In contrast, estimates from other studies were not
validated, thus, they concluded that their interpretations should not be
rejected in favor of a technique that produced younger ages, Successful
validation of any age determination technique requires that ages assigned
to all age groups are proven to be accurate (Beamish and McFarlane,
1983). Ages assigned beyond the oldest validated age should not be
assumed to be correct as there is a risk that changes in the pattern of
growth of the structure used for age determination will obscure annull,
resulting in an under-estimate of the true age.

In this study, the position of the first annulus was Identified using
daily growth zone counts as well as length frequency analysis. Length
frequency analysls and tagglng studies were used to validate ages of
Juveniles. Adult ages were validated by tagging and injecting fish with
oxytetracycline. The appropriate dosage of oxytetracyeline was Important
and had to be determined in field trials. The oxytetracycline studies
were also used to study the pattern of otolith growth.

The purpose of this repart is to provide additieonal information about the
validity of the method developed by Beamish and Chilton (1932).

Methods

Fish were collected from commercial catches and research cruises. They
were measured for fork length, sex was determined and both oteliths
(sagittae) were cleaned and stored in a 50% glycerin solution. Tagging
and injection procedures have been described previously (Beamish et al.,
1979: 1980), Otoliths were processed ond examined according to the
procedures described by Chilton and Beamish {71983),

Otoliths of 9 juvenile sablefish were prepared for the examination of
daily growth increments by grinding ano acid-etching using &%
hydrochloric acid (HC1). The otolith was mounted on a qlass slide with
epoxy and ground using lapping film paper (Neilson and Ceen, 1992), The
slide was held by hand during grinding. The grinding was aiternated with
immersion in &% HC1 for approximately 3 seconds, followed by immersion in
water for a few seconds (A. Wild, pers. comm.)., The whole otolith was
mounted on the slide with the interior (concave) side up. Photographs of
daily Increments were taken, starting with the exterlor edge and
proceeding towards the center, It was not possible to expase all daily
increments at one time,

Oxytetracycline was used to produce a "time" mark in the otolith. A
dosage of 100 mg/ky was initially deterwined from previous studies
{Kobayashi et al., 1964; Weber and Ridgway, 1962, 1967; Lanzing and Hynd,
19656).  When recoveries indicated that Lhe dosage of 100 mg/kq was
causing increased mortality, field studies were initlated to determine
the most appropriate dosage. The 100 mg/kg dosage and a 2% mg/kg dosage
were also tested in the lahoratory.

During March and June 1981, sahlefish captured off the west coast of the
Queen Charlotte Islands were tagged and injected with oxytetracycline,
Approximately one guarter were tagged in the routine manner and received
an intraperlitoneal Injection of 100 mg/kg (Beamish et al., 1978). One
quarter were tagged and given the same valume of oxylLetracycline diluted
with 7% saline to produce one quarter of the concentration {25 mg/kg),
one quarter were tagged and injected with the same volume of 1% saline
solution and one quarter were tagged and not injected.
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In Movember 1981 off the west coast of the Queen Charlotte Islands, one
quarter of the sablefish were tagged and given an intraperitoneal
injection of 25 mg/kg body weight, one quarter were tagged and given an
intraperitoneal injectlon of 50 mg/kg, one quarter were tagged and glven
an intraperitoneal injection of 75 mg/ky, one eighth were tagged and
received no Injection, and one eighth of the fish were tagged and given
an intermuscular injection of 25 mg/kg.

Dtolith pairs from all injected and recaptured fish were recovered and
stored in 50% glycerin in a darkened centainer. Prior to storage the
otoliths were wiped clean of all tissues,

Some otoliths were stored for up to 2 years before heing examined. One
otolith of each pair was examined in a darkened room using a tLeitz
Laborlux 12 microscope eguipped with an ultraviolet light. The otolith
was broken dorso-ventrally through the nucleus and the broken surface
examined. The position of the mark was noted and the distance from the
distal edge of the mark to the edge of the otolith section was measured.,
The secticn was then burnt (Beamish and Chilton, 1982) and the age was
determined, The postion of the mark was identified using the previous
measurements since burning destroyed the mark. The number of annull that
formed after the mark were them counted. For some sections it was not
necessary to burn the otolith as the annuli were distinguishable using
the reflected ultraviolet light.

Only the otoliths from fish that had been at liberty for 3 or more yedrs
after tagying and Injection were examined. Otoliths from fish that had
been at llberty for 1 or 2 years frequently had grown very little, making
1t difficult to Identify annull. When the reader examined the area
distal to the oxytetracycline mark, in most cases the reader was awarc
that there could be 3 to 5 annull. Recause the annual growth zones are
very nacrow and sometimes diffleult to identify, we wanted to be certaln
that these zones formed annually, thus, many otoliths were examined with
a prior knowledge of the years between release and recapture.

A smaller sample was examined so that the aceuracy of the determination
could be estimated. The age from one broken and burnt section was
determined and the age from the nucleus te the mark was determined from
the remaining half. The difference In these twg determinations was then
compared to the time at liberty between marking and recapture.

Results and Discussion

Position of first annulus

The sample of 9 fish used for dally growth increment counts was collected
in Februacy 1982 and fish ranged in size from 23 to 27 om. Since most
sableflsh in the Canadian zone spawn in February (Mason et al., this
symposium), these fish could he one or more years old. The lengths of
the smallest sablefish captured in the Canadian zone in 1277 and 1978
(McFarlane and Beamish a, this sympoesfum) suggest that sablefish grow
very rapidly during their first year and that the fish in this sample
would be age 1. Exact counts of daily growth increments were difficult
to make, however the total increment count for the 2 specimens ranged
from 270 to 350 suggesting that these fish were age 7 {or approximately
360 days old), The range from 270 to 350 resulted in part from the
inability to count all increments and probably represents minimum counts.
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The dally formation of these rings must be validated, just as the yearly
formation of annuli must be validated and as yet it has not been possible
to prove the daily formation of these increments., 1t was possible to
show that the widths of the daily zones became compressed at the edge of
the otolith suggesting that the First annulus was forming on the edge
(Fig. 1).

Fig. 1. Daily growth increments from the center, middle and edge of an
otolith from a 26 om sablefish,

NUCLEUS

I - 19 days

19~ 32 days

il.eum

Fig. 1A, Hucleds ares showing the rones hoenght te form immedfately
after hatching{1-19), and ofter absorption of vulk (19300,

WIDE SPACING
t68 - 193 days

25 zones

Fig. 1B, Center of otolith showing evenly spaced wide zones,
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WIDE SPACING
2% zones

NARROW SPACING
~ 25 zpones

1.2 gam

Fig. 1C. Edge of otolith showing the compression of zones in the area
thought to be the annulus,

Inerement growth from the nucleus to the area of compression was quite
regular except for some zones that formed 2 to 4 months after hatching.
It is probable that these zones do form dally and that the average
estimate of 313 zones for the 9 fish is an approximation of the actual
number of days since hatching or that these fish were age 1,

Juveniles

Beamish and Chilton (1982} used length frequency distributions to
estimate the age of juveniles. An updated length frequency appears in
McFarlane and Beamish a, {this symposium) and shows that while there is
variation among samples, it is possible to use length to estimate age up
to 2 and possibly 3 years. Length should only be used for 3 year olds
when the length frequency of the sample is known. For example, fish
B7707425 (see Fig. 6D) was 50 om when tagged and 51 om when recovered 5
years later. This fish was age 10 when tagyed and 15 when recovered., IFf
the length frequency of a sample has a broad distribution of lengths that
extends beyond 55 cm, then fish in that sample should not be assumed to
be 3 years old. The use of daily growth zones to identify the position
of the first annulus corroborates the interpretation of age 1 fish from
length frequency distributions. Because growth in length Is rapid up to
approximately 45 cm or age 2+, it appears that the use of length to
estimate age for the first 2 vears will be accurate.

Juveniles that were tagged in 1972 had an average length of approximately
44 em {Beamish et al., 1280}, The abundance of these fish and their
length frequency distribution clearly indicated they were from the
successful 1977 year-class and were age 2+ when tagged in 1979. In 1982,
57 of these tagged fish were recovered, 20 of which were sampled for
otoliths,
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These fish were aged without any prior knowledge of their history and 50%
were aged correctly as 5 year olds (Table 1). When it was known that the
fish should be age %, it was possible to age 55% correctly but 3 fish
still were estimated to be age 6.

Table 1. Estimate of age from sablefish tagged in 1279
as age 2+ and recovered in 1982 as age 5.

Age years {(n)

5 & 7
Unblased reading! 10 9 1
Biased read[ng2 17 3

TReader had no previous knowledge of fish.
2Reader knew they should be age 5.

Interpretation of growth zones is not unequivocal and can be quite
difflcult (Fig. ). Younger growth is more difficult to age than older
growth and there is a possibility that some fish were not age 2+ as
thought. The estimates of these known age fish were either accurate or
close to the true age, illustrating that the method is valid for younger
fIsh but subject to errer. At present the error appears to be
interpretative. While accuracy will improve through the validation
procedure it is unlikely that this age determination method for sablefish
will result in error freec determinations.

Adults

Dosage of oxytetracycline. The dosage of oxytetracycline of 100 mg/ky of
fish weight caused increased mortalities in the natural environment.
There was an obvious difference in the recovery percentages of injected
and uninjected flsh from the three releases In which the 100 mg/kg dosage
was used {(Table 2). There also was an obvious difference In recovery
percentages between these releases that received the 100 mg/kg dosage
(5.4%) and all other adult releases that received no injection (15,0%).

Table 2. Sumary of recoveries until December 31, 1981, of fish released with
oxytetracyeline Infectians, 1977-1978 and all other releases.

Number Number % Humber Mumber %
Cruise injected recovered recovered unrinjected recovered recovered
September 1977 L,27% 150 3.0 226 1 (VR
May 1978 4,518 240 5.4 866 292 33.7
June 1973 5,463 418 7.7 2 0 -
All other - - - 36,107 5,422 15.0

releases of
uninjected fish




The results of the laboratory experiment to examine the effect of a
dosage of 100 mg/kg and 25 mg/kg on mortality and growth of juveniles
{Beamish et al., 1980) were completed in 1981 (Table 3}. There was no
immediate mortality associated with ei:her treatment;and while some
mortalities have occurred there is no difference -ameng  treatments.

Fig. 2. Sections of broken and burnt ntoliths from juveniles tagged in
1279 at age 2+; photographed using refisoted-light.

JUVENILES
B 7767360

Fig 2A. A female, 43 com when tagged in November and 47 cm when recovered
in May 1982. The position of the first~twooannuli are difficult to

identify without having examined otoliths from fish "known" to be age 1
and 2.

B 7749891

Fig. 28. A male, 37 cm when tagged- in October and 43 com when recovered
in QGctober 1982. The otolith is diffisudt-tovage-and it .is aged
incorrectly probably hecause.the 5UH and Gth years are only one

annual growth zone.




B 7755836

Fig 2C. A male, 4% cm when tagged in-fetebersand-52-cm when recovered in
late August 1982. '

Differences in growth were examined bv testing the coincidence of
regression lines, and no significantsdififerenceszwere- found (p>0.05).
Thus, in the laboratory the range of:insages-does-not affect growth or
mortality. Since there is a definite lrcrease in mortality in the
natural environment, it was concluded that the-experiment in the
laboratory did not simulate natural conditions..and.definitely was not a
"econtrol" experiment for this-species.

For technical. reasons, the dosage studies conducted in the natural
environment had to be separated into two cruises. This resulted in the
First release receiving more fishingswrassurce:thas.the.second release.
There also was some change in the fishidmy pattern in 1982 making it
difficult to compare the two releases, -however, it 1s possible to compare
the results within each release. Of the 1,477 fish tagged and receiving
no injection during March and June, 62 or 4.2% were recovered during the
remainder of 1981 (Table &). Of 1,481 fish tagged-and injected with a
full dose (100 mg/kg) only 11 or 0.7% were-recovereds.. Of the 1,472 fish
tagged and injected with 25 mg/kg dilited with 1% saline to previde the
same volume of oxytetracyciine, 68 or f.é6%-were-vecovered., [Lighty or
5.4% of the 1,484 fish receiving the same volume:of 1% saline but no
oxytetracycline were recovered. As ailofishowerespeleased 1n the same
area and were subjected to the same fisking:pressupe: the difference in
recovery percentages between the 100 mg/kg is real and significant
(t-test, p<0.05). These results also.indfcabe-that. the concentration of
oxytetracycline and not the volume of fluid imgzoted. s contributing to
the increased mortality in the “injected fish.

In the second experiment, the recovery-percentage- from the 75 ma/kg
dosage was significantly lower (t-test, p<0.05) than the percentage of
uninjected fish recovered (Table 4). The dosage of 50 mg/kg produced a
lower percent recovery than uninjected fish although.it was not
significant (t-test, p>0.0%). More .rsagweries should be made to
determine if a %0 mg/kg dosage has any effect wissurvival.. There was no
difference in the recovery percentages:hetween. fish that received
intraperitoneal and intermuscular. injections.
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Table 4. Results of oxytetracyline injections experiments as of
December 1982.

Experiment 1 (March-June 1281}

Ho, No. 5

Dosage injected recovered recovered
Ho injection 1477 155 10.5
1% saling! 1484 173 1.7
25 mg/ky? 1472 181 2.6
100 mg/ky 1481 37 2.5

1Volume equal to 100 mg/kg dosage.

2Volume equal to 100 mg/kg dosage by diluting with 1% saline,

Experiment 2 {November 1981)

No. Ho, %

Dosage injected recovered recovered
No injectlion 535 19 3.6
Intermuscnlar 2% mg/kg v 23 3.8
Intraperitoneal 25 mg/kg 1187 37 3.1
50 mgikg 1010 27 2.7
75 mg/kg 1072 10 0.9

As reported previously {Beamish et al. 1980}, the measurements of
recovered hlackcod Indicate there has heen no net increment in length no
matter how long the fish have been at liberty {Table 5), In fact, if all
measurements are used there has been a net decrease in some length
groups. The absence of an average net lIncrease is related to shrinkage
during freezing (Reamish et al., 1980%, [F Ffish were measured
immediately upon recovery, without freczing then there was a definite
trend to a net increase in length with time (Table 5). Freshly measured
fish that had been at liberty for 1 year ar mare grew at an average
arnual increment of 0.79 cm/yr (Table %), Comhining samples of both
sexes and by time at liberty rather than by sex and age can bias the
results if unegual numbers of younger, faster growing fish are

recovered, To compare gruowth of injecied and uninjected fish, juveniles
were excluded and sexes were considered separately, however, because of
the small sample sizes, ages had to be comhined., [t does appear that the
dosage of 100 mg/kg has resulted in significant reduced growth in the
year of tagging (t-test, p<0.05) that was followed by a rapid increase in
growth in the second yedr {Table ). Beyond the second year sample sizes
are probably too small to allow any conclusions about growth.
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Table 5. Average growth of recovered sablefish.

Only sablefish in fresh condition

All recovered sablefish measured by fisheries staff
Years Average Average
after growth growth
tagging  (cm) S.0. N, (cm) S.0. N.
0 -0.63 2,14 820 0.99 2N 51
0.5 -0.25 1.95 1324 .52 1.81 138
1.0 -0.51 2,30 1490 0.43 2.63 38
1.5 -0.53 2.13 425 0,99 2.81 12
2.0 -0,62 2.40 328 0.61 1.54 3&
2.5 -0.82 2.97 83 -0.16 0.87 11
3.0 -0,99 2.77 128 4.1 5.58 5
3.5 -1.5 0.71 2 - - -

Table 6. Average growth (cm) of recovered sablefish with release Length
greater or egual to &0 om, and measured in fresh condition by fisheries
staff. (Includes recoveries up to December ,1941.)

Uninjected fish Intected fish
Number of growing R annual £ annua)
seasons  at large increment n increment n
Males
1 0.47 28 -0.67 4
2 0,16 21 0.40 &
3 0.76 3 -0,17 2
R annual increment 0.47 -0.15
Females
1 0.5% 28 -0,05 21
2 0,44 45 0.85 1
3 0.95 5 0,12 S
4 1.39 5 0.93 1
5 0.60 2 - -
% annual increment (.80 0.48

aGrowing segson taken as June to September.

In the laboratory experiment, the 25 mg/kg dosage produced an acceptable

mark in the otolith. A similar dosage has produced a suitable mark in
dogfish sharks (Squalus acanthias) (Beamish and McFarlane, 1983) and

lingcod (Ophiodon elorgatus) (unpublished data), However, fish that had

the 25 mg/kg dosage in the natural envirenment did not develop as

prominent a mark in the otolith as the 50 mg/ky <dosage (Table 7), Hence, the
25 mg/kg dosage does appear te be too weak for thiz specles.
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Table 7. Prominence of oxytetracycline mark,

Number of fish

Years at No
Dosage N liberty Prominent. Faint mark
100 mg/kg 1 5 6 3 2
75 mg/kg 10 1 7 2 1
50 mg/kg 21 1 1 7 3
25 mg/kg 29 1 7 12 8

The 50 mg/kg dosage appears to be the more appropriate since a mark was
present on most otoliths and the desage Jdid not cause significant
mortalities. The mark that was present <“rom stronger dosages was mare
prominent, however the dosage did affect survival.

A total of 154 pairs of otoliths were recovered in 1980 and 1981 from
fish Injected with oxytetracyeline in 1977 and 1278, One hundred and
twenty-nine {Table 8) of these were exam.ned to determine If an annulus
formed each year and 36 {(Table 9) were used to test the reader's
interpretation of annuli, Fish used in “he total sample had heen at
liberty for 2 to 4 years. Most had completed three growing seasons and a
few had completed four growing seasons. Thus, there should be between
two and four annuli distal of the oxytetr-acycline mark.

Table 8, Estimated vears at liberty for tagoed and injected sablefish.
Reader was aware of expected number of annuli.

Expected mmber Estimated number of Number with
of annuli ann i mark on or Number with
during liberty {rumbers in parenthesis) close to edge no mark
2 1 ? 3 =] 4
- (7) -
2 3 4
3 (4] {67) {5) 20 9
3 4 5
n - (4) - - 1

The oxytetracycline mark was visiole on the broken sections of most
otoliths, In some there was no mark and all otoliths that had fungal
growth resulting from improper cleaning prior to storage did not have a
mark.

In this study 65% of the recovered fish were elther the same size or
shorter than the size at tagging, While measurement error and shrinkage
during storage occur (Beamish et al., 1990}, there can be llittle doubt



Table 9. Calculated years at liberty from age estimates for tagged and
injected fish that had been at liherty for 3 growing seasons. Reader was
unaware. of expected. nomber of annuli.

Yaars. at. liberty.

0 1 2 3 4 unreadable

No. 2 6 g 13 5 1
% 3 ¥ 25 36 14 3

that growth in length of the fish has:been-very small during the release
peried and that the nparrow annual growth increments.on. the otolith are an
accurate indication of slow growth.

The annual growth zones. in the. vicinity of the oxytetracycline mark were
quite narrow. for older fish (Figs. 3, 4, 5}, .Anpuli, distal of the
oxytetracycline mark, could be counted on 74% of the subsample of 129
fish (Table 8}. In almost all cases. (90%) it was possible to identify
the expected number of annuli.{Table 8).

Fig. 3. Section of otolith from sahlefish B7720670.

B 7720670

13 5
[0

Fig, 3A. Shows the. section after-tueaing.

The expected number of “anmull were accuratelysdetepained in 36% of the
subsampie (Table 9) when the reader.was not-influeneed.by knowing that
the fish had heen at liberty: for .3 yeses... Thessspestsd number of annuli,
+ 1 year were determined- coreectly in 75% of the sample. Tn no case was
the esyimate of the pumber of annull that -fopmed.whide at liberty
sufficiently large to produce a serious-sversestimate of age.

Frrors. that occurred clearly. resulted -from a-difficulty in interpreting
growth zones. While itowas necessarystesonnsidersliow to group some
growth zones, it usually was possible to distieguish checks from the
wider more-prominent annuli.
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Fig. 5B, The enlarged section showing the. oxytetracycline mark,

1974
1972
1973 CHECK & ANNULUS

;EE;E; 1974
—
—
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1977 OTC TAGGED
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e— 1979
1980
e Q8 |
T 1982

Fig. 5C, An enlargement of the burnt section showing the position of the
oxytetracycline mark and the annual growth zones hefore and after the
mark.

For example, fish B7720670 (Fig, 3) was a female tagged in June 1978 and
recovered in June 1981, Since most growth occurs in the summer, this
fish was at liberty for three growing seasons., Length at tagging was 79
em but no length at recovery was obtained. The oxytetracycline mark is
clearly visible on the interior surface and the annuli before and after
the mark are visible. (The annuli are more difficult to identify from
photographs than from freshly broken and burnt sections.) MNote that the
oxytetracycline mark has formed only on the interior surface, indicating
that most otolith growth was confined to the interior surface. That is,
otolith growth was primarily in thickness and not in length or width or
both.

Fish B7725711 was a female tagged in June 1978 and recovered in July
1981. Tt had been at liberty for three growing seasons and increased in
length from 81 to 82.5 cm, The oxytetracycline mark was close to the
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edge on the interlor surface and on the edge on thedorsal, ventral and
exterior surface. The interpretation cof annull.preximal and distal to
the mark is difficult but typical. The.breken.and. burnt. section (Fig. %)
indicates that checks can cause some diffleultyin-identifying the annuli
that form when the fish is younger but.cheeks. bepome:less of a problem
with age. Checks are not praminent in all areas of the otolith while
annuli remain identifiable wherever growthezenes can.be distinguished.

The mean width of the three annuli prosfmal-to:the oxytetracycline mark
was 0,57 mm compared to (.46 mm distal to the mark and was significantly
wider than the distal zones {t-test, P<0.01). -¥hen_ a sample of 50
untagged fish was examined, the mean wixdtheaf the last three annuli was
0.46 mm. while the group of three annuliz-dmmediately: preceeding the last
three annuli was 0.62 mm. Again the widths of the last (older) group of
three annull was significantly smaller (t-test, P<0.01). The smaller
widths of annuli or groups of annuli that form as the fish ages is
consistent with asymptotic growth of fishes. The similarity of response
of otolith growth of tagged and untagged fish is Indicative that tagging
and injecting probably has not had a major effect on growth of the
otolith and that the observations from tagged and Injected fish are
representative of untagged fish, The effect of the dosage of
oxytetracycline on otolith growth has not been examined at the time of
preparing this report because the fish that have:-received the various
dosages have not been at liberty long enorugh Tor .otolith growth to be
compared.

In 1982, otoliths were recovered from 11 fish that were given
oxytetracycline infections in 1977. When recovered these fish were
estimated to range from 15 to 28 years. Otoliths from 6 fish had very
little growth beyond the oxytetracycline.mark and it was not possible to
identify 5 annual growth zones between the release and “recapture period.
If this pattern of growth is normal -and not - influenced by tagging and
injection of oxytetracycline then thesz fish would definitely he
underaged. The remaining otoliths didefimem:five distinct growth zones
between release and recapture.

The clearest example was fish B7705298 which was a male that was 62 cm
when tagged September 6, 1977, and 69 om when wesaptured July 14, 1982,
The oxytetracyeline mark is close to the edge indicating relatively
little otolith growth, however, the annual growthszone. widths before and
after the oxytetracycline mark are similar (Fig. 5). The pattern of
growth on the other otoliths was similar although the growth zones beyond
the oxytetracycline mark were not as distinct. . .There.was no tendency to
over-estimate age, rather the difficulty was identifying growth zones.
As mentioned, the separation of "checks" and amsudi for older growth is
not a major problem, Because growth-zones are very Narrow in the older
part of the otolith, it is probable that the methed of age determination
will under-estimate age rather than over-estimate.

Of all otoliths examined only a very small percentage had an
oxytetracycline mark on the exterior surface. When a mark was visible it
was usually confined to the anterior and posterior tips of the

otoliths, The various sections of otatiths in this report (Figs. 3A, 5,
§) illustrate very clearly that growth on older otoliths is concentrated
on the interior surface. While it carnet be proven that growth did not
occur on the exterior surface, it Is-apparent that if growth occurred it
would be minimal.
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Fig. 6. Sections of otoliths showing the tendency for the
oxytetracycline (OTC) mark to form on the interior surface.

DORSAL

Fig. 6A. A 24 year old male that was % om when marked but no length was
available when recovered, OTC mark is barely visible on exterior surface.

Fig. 6B. A 26 year old male that was 42 om. when marked and 64 cm when
recovered, the OTC mark is only visible on the interior surface.

EXTERIOR INTERIOR

oTC
MARK

VENTRAL

Fig. 6C. A 19 year old female that was 7% cm when marked and 72 cm (loss
of length) when recovered, the OTC mark is only on the interior surface.

Fig. 6D. A 15 year old female that was S0 cm when-marked and 5! em when
recovered, the OTC mark is close to the edge except for the interior
ventral tip.



Beamish and Chilton {1982} reported on the recapture of fish tagged in
1972 as juveniles. These fish were age 1+ when tagged and have been
recovered each year since 1972. Otoliths were not collected until 1980
when the Tish were age 9 and 9+. The ages estimated without any
xnowledge of the history of the fish were close to the known age and ages
estimated when the history was Known were almost identical (Table 10).
Examination of these known age fish, again indicates that growth zones
can be difficult to identify but the interpretation 1s accurate or very
close to being accurate (Fig. 7). There is no indication that many
checks are being misidentified as annuli resulting in a serious
over-estimate of age. The pattern of growth. zone formation in Fig. 7 is
similar to the early growth period in otoliths from older fish (Figs. 3,
4, 5). As the fish ages it appears that growth zones become narrower.
These narrow zones can be difficult to identify but they do appear to be
present in most fish even when there Is very little fish growth. In some
fish annual growth zones could not be identified.

Table 10, Estimated ages of fish tagged in 1972 when 1+ years.

Recapture Known Lengths Age1 Age2

year N age (cm) unbiased biased
1979° 2 Bor8 62,68 - -
1980 & 9or 9 60, 63, 6b, €8 B+, 9+, B, 10 9, 9, 9, 10
1981 2 10 or 10+ 72, 77 11,1 1, 10
1982 1 1 or 11+ - 10+ 10+

1Ages estimated without any prior knowledge of the fish.

2Age estimated knowing the expected age.

3No otoliths collected.

Sablefish populations are composed of strong year-classes that occur at
approximately 10 year intervals (McFarlane and Beamish b, this
symposium}, The 1977 year-class was particularly strong and shows as a
prominent mode in age frequency distributions for samples collected in
1980, 1991 and 1982 (McFarlane and Beamish a, this symposium}, The
timing of other strong year-classes, jidentified in_age frequency
distributions corrected for mortality, agreed with independent
ohservations of increased juvenile sablefish abundance (McFarlane and
Beamish b, this symposium). Thus, the age determinatlon method is
capable of identifying dominant age groups in. successive years and thils
is an indication that the method produces valid ages.

The evidence to date does suggest that the method is valid for most fish
hut difficult to apply. There is evidence that ages of older fish may be
underestimated because of interpretative problems or because annual
growth zones do not form. There is no evidence of serious
over-estimation of age and fish that ranged from & to 43 years old when
tagged have in many cases added the approximate number of annuli
equivalent to the time at liberty. When errors occur they appear to be
related to Interpretation problems, however, some older fish may not form
annual growth zones that are identifiable or they may not form annual
growth zones at all.
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Fig. 7. A male that was 37 om {age 1-) when tagged on August 13,
1972 and 76 cm when recaptured in August 1982, The fish should be
age T1+.
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juvenile biology of sablefish (Anoplopoma
fimbria) in waters off the west

coast of Canada
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Nanaimo, British Columbia, Canada

Abstract
Young-of-the year sablefish were found inshore In July at an average
length of » em and increased to 28 cm by November. In 1977, large
numbers of juveniles were found in Hecate Stralt, Queen Charlotte Sound,
Strait of Georgia, and mainland Inlets. These fish remained in these
areas until age 3+ (4) when they hegan to move offshore. Larger
Juveniles were the first to move offshore. Approximately 30,000 to
60,000 t of juvenile sableflsh were present In these waters curing
1979-1980),

Mean length of fish that had completed their 1st, ?nd, 3rd, and 4th years
of growth was 28, 40, 45, and 50 om, respectively. The length-weight

relationship was Wt(gm) = 7 x 1076(1y%1%  sex ratio of

juveniles was equal.

Juveniles fed actively on other fishes and were a major source of
mortality for other commercially important fishes. It was estimated that
juveniles from the 1977 year-class over the age range from 0 to &
consumed 1,182,086 t of food.

Introduction

This report describes the biology of sablefish up to the age of 50%
maturlity. As with many species, juvenile biology is diffiecult te study
and therefore has been poorly documented. 1In 1977, the appearance of
large numbers of juveniles in Hecate Strait, Queen Charlotte Scund, and
mainland inlets (inside waters), afforded the opportunity to examine the
blology of juvenile sablefish, particularly distribution, migration,
grewth and age, sirse and location of recruitment.
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This is the first description of the biology of juvenile sablefish from
hatching to recruitment. Most of the observatlons in this report are
based on the 1977 year-class. Study of the biology of juveniles from
other year-classes are necessary to confirm that the observations made on
this year-class are not atypical.

Methods

Data for the report were collected from commercial catches at sea by
vessel observers and port samplers, and from surveys conducted by the
Canadian Department of Fisheries and COceans.

All sablefish were measured for fork length to the nearest centimetre and
examined For sex and maturity. Otoliths were collected for age
determination, Juvenile sablefish were aged from '"broken and burnt"
otoliths (Beamish and Chilten, 1982), length frequency analysls and
analysis of datly growth increments (Beamish et al., this sympostum}.
validation of the age determination method is described elsewhere in this
symposium (Beamish et al., this symposium). Stomach contents and weights
of juveniles were determined from a few samples considered to be
representative of the catch.

Juveniles were anaesthetlzed prior tc tagglng using MS222 {tricaine
methane sulfonate). Tags and tagging methods are outlined in Beamish et
al. (1980).

Results and discussion

Onshore movement

Sablefish spawn from January to March along the entire Pacific coast of
Canada at depths exceeding 300 m (Mason et al., this symposium), After
hatching, the young move into the surface waters. There have been few
collections of larval sablefish, Mason et al. (this symposium) found
larvae along the entire west coast of British Columbia in April 1981,
Beamish and Chilton (1982) reported juveniles ranging from 5-15 cm from
the stomach contents of seabirds in mid-August, 1277. In early July,
1981, 9 juveniles averaging 5 cm were captured in surface waters of Queen
Charlotte Sound {Mason et al., thls symposium}, It is apparent from
these observations that juveniles are found in inshore waters by
mid-summer,

Previous studies have also reported the capture of juvenile sablefish.
Kobayashi (1957) captured sablefish ranging in length from 1-3 cm off the
Aleutian Islands, He made particular reference to the large paddle-like
pectoral fin. Brock (1940) reported 4 Juveniles (21-35 mm) taken at the
surface in May, 200 miles seaward of Cascade Head, Oregon, Sameoto and
Jaroszynski {1969} captured & larvae (9-10 mm) in March in surface waters
along tow line "P", 45 and 110 miles offshore. Juveniles, 12-16 om have
been taken at depths of 320-410 m off Oregon during July {Heyamota, 19562)
and larger fish 20-30 cm were frequently observed in shallow bays and
inlets from California to Alaska (Bell and Gharrett, 1945; Edson, 1954).
Juveniles estimated to be age 1 and 2 were observed during 1978 at depths
of 100-200 m in an area from Unimak Island to 59 degrees north
(Wakabayashi and Yake, 1981; Wakabayashi and Fu}ita, 1981}.

Juveniles are commonly observed inshore. Fishermen have routinely
reported juvenlle sablefish in major inlets. They are habitually present
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in many areas indicating that onshore movement is a feature of juvenile
biology. For example, jfuveniles are commonly found in Johnstone Strait
of f northern Vancouver Island and in 1972, Kennedy and Smith (1972}
tagged approximately 1,000 juveniles in this area. The continued
occurance of juveniles in some areas has caused "some fishermen to
helieve that some juvenile sablefish never become adults".

Distribution

During late 1977 and 1978, juvenile sablefish were found to be abundant
in the Inshore waters along the entire coast of British Columbia

(Fig. 1). A substantial number of discards of age 1+ fish were reported
in 1978 from the major trawling grounds, particularly in Hecate Strait,
Queen Charlotte Sound, and off the southwest coast of Vancouver Island,
Although these reports reflect the fishing activities of the domestlc
fleet and are not necessarily representative of coastwide concentrations,
they do indicate the relative abundance and distribution of this
year-class. The reported abundance continued to he high during 1979 and
early 1980 (Fig., 2, 3). Discards declined sharply in late 1980 and 1981%
(Fig. 4) despite high trawl effort. Colncidentally with this was an
increase in reported discards from the commerclal trap fisheries off the
west coast of the Queen Charlotte Islands and the northwest coast of
Vancouver Island, indicating that the 1977 year-class was beginning to
move offshore during their fourth year,

Recaptures of juvenlles {1977 year-class) tagged in the inside waters in
1979, 1960, and 1981, indicated that there has been movement to offshore
areas (Fig. 5}, While most recoveries have been made in the area of
release {Fig., 5; Table 1), Increaslng numbers of recaveries with time
have been made off the west coast of the Queen Charlotte Islands, west
ceast of Vancouver Island and in United States waters (Beamish and

McF arlane, this symposium),

540 L
GUEEN
CHARLOTTE I
o ISLANDS
32 Fig. 1.
Distribution of
3 Juvenile sablefish
during 19758 as
SOUND reported from the
s9° o et ; TooNwd | Canadian trawl and
- trap fisheries.
. - 10t [ h
® 0 25t VANCOUVE R aﬁQ;L'
i CL By
25 3 i
] 50t ISLAND »g ]
cge @ 50100t kmﬁ
@ 0o-z2o00t \
@ v VoL
T T T - - — =
135° K1

121



i Fig. 2.
Distribution of
juvenile sablefish
during 1979 as
reported from the
Canadian trawl and
trap fisheries,

Fig. 3,
Distribution of
Juvenile sablefish
during 1980 as
reported from the
Canadian trawl and
trap fisheries.
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Hovement within the inside waters 1s complex (Fig. 5) and within each
area and year of release the percentage of movement from the release area
increases with time (Table 1). The large number of recoverles in the
area of release in the 1980 inlet tagging study (Table 2) Is a reflectian
of a directed fishery in this area, although it does Indicate that a
large percentage of these fish remain in the inlets at least until age
5+. There was no appdrent migration pattern for juveniles recovered in
the inside waters. There was a definite northward migration of fish that
moved out of the inside waters (Beamlsh and McFarlane, this symposium).

Offshore movement and recruitment to the adult population

By 1981, approximately 50% of the Juvenile recoveries (age 4+ fish) were
made In offshore waters (Table 1) (Beamish and McFarlane, this
symposium). Of fish maving out of the inside waters during 1981
approximately 68% were recovered in the Gulf of Alaska {Beamish and
McFarlane, this symposlum}. Juveniles tagged In 1981 were excluded from
this analysis as a large percentage (40%) were from succeeding
year-classes (Beamish and McFarlane, this sympasium). Correcting this
movement for 70% non-reporting In the United States zone {Bracken, 1982)
the percentage of offshore recoveries In the Gulf of Alaska becomes
approximately 88% for 1281, In 1982, the percentage of juveniles
recaptured in the Gulf of Alaska increased (Beamish and McFarlane, this
symposium), however, for this report only 1951 figures are used, as
calculations are based on 1981 age composition data. Very few Fish have
been recovered south of the Canadian zone, Tt is apparent that rearing



Table 1. Recoveries of tagged Juvenlles from tagging studies in Queen Charlotte

Sound and Hecete Strait 1972-19681,

% recoveries are in parentheses.

Recoveries
Release Recovery Queen Charlotte Hecate
Date Release area date Tetal Saund Strait Offshare
1979  Queen Charlotte Sound 1280 92 72 (78) 7 {B) 13 (14)
1981 45 12 (27} 1 (2] 32 (7))
1982 39 § (21) 3 (8 28 (1)
Total 176 92 (52) 11 {8) 73 (62)
Hecate Strait 1980 65 3 (5} 55 {85} 7 (0}
1981 36 4 (1) 7 (1%} 25 (71
1982 18 3 0n 2 (1) 13 (73)
Total 119 0 ~{8Y & {54) 55 (38)
1980  Queen Charlotte Sound 1981 5 2 (40) - 3 {&0)
1982 1 = - 1 {100}
Toatal [ 7 (33 - 4 (67)
Hecate Strait 1951 T4 10 (14} 37 (50) 27 (38)
1982 49 5 (10) 7 (1) 37 (7s)
Total 123 15 (12} 44 (36) & (52)
1981 Queen Charlotte Sound 1982 143 58 (41) 1 N 84 (58}
Hecate Strait 59 15 (24) 26 (44) 19 (32)
Table 2. Recoveries of tagged juveniles from tagging
studies in inlets during 1980, % receveries are In parentheses,
Racoveries
Release Queen
date and Recovery Charlotte Hecate
ared date Total Inlets Sound Strait Of fshore
1280 1950 4580 472 (98) 3 (n 5 (1
Inlets 1981 274 1589 (69) 28 {10} 2 {3) 48 (18}
1952 229 161 (70) 30 (13) 3 (1 3 (16}
Total 983 822 (84} 61 (8) 12 g8 (9

Table 3. Contribution of the

1977 year-class to commerclal catches in

1979-1981.,
% in numbers
Ared 1379 1980 1981
Queen Charlotte Islands 0 10,2 6.2
Queen Charlotte Sound - 11.3 20.4
Vancouver Island 6.9 18.2 32.4
Total 5.9 14.2 19.3




,

?'__ -

— | i ! / _ . il wm

| oy 5 _ TR

2 % s !
W _ o o . m r..w_%wﬁw m_ Mﬁ. W
_p= . Y g P ¢

m .w\\O | _ Ty b ! m m\L v@._mobm + h2 1\
3 ._,J.,._. \_.‘.. e % \ \_.\
; =5 Q/_

vESEED

I

SR ARFa
TALT
.
et
Conin
L

PO

|

-
fo
A
e

5
2
]

0

—~

125

Recoverles as of December 31, 1982 of juvenile sablefish
Insert shows fish recovered in U,S5. waters.

released in Queen Charlotte Sound, Hecate Stralt and the coastal inlets

in 1979-1981.

Fig. 5.



grounds 1In Hecate Strait and Queen Charlotte Sound make a significant
contribution to the United States Tishery in the Gulf of Alaska.

The movement of the 1977 year-class offshore occurs at the age previously
determined to be the age at 50% maturity {Mason et al., this symposium),
Catches from the coast-wlde fishery {Table 3) showed an increase in the
contribution (In numbers) of the 1977 year-class from &.9 percent in 1979
te 14.2 and 19.3 percent in 1980 and 19871 respectively {fish completing
their 3rd and 4th years of growth). Thus the juveniles which moved

of fshore matured for the first time in 1981 and spawned in 1982.

Because the percent recoveries offshore increased in 1982 it is probable
that recruitment will continue in 1983, It was not determined if the
Juveniles remaining inshore during 1281 matured.

Recoverles of juveniles tagged in the Inside waters were distributed
equally In the offshore areas {Fig. 5; Beamish and McFarlane, this
symposium), Commercial catches of untagged juveniles indicated a much
greater concentration off the west coast of Vancouver Island and off
Queen Charlotte Sound (Table 3). These Increased concentrations probably
resulted from movement from coastal inlets on the northwest coast of
Vancouver Island.

The recoveries of the juveniles tagged by Kennedy and Smith {1972) off
the northwest coast of Vancouver Island indicate that while some moved
out of the Canadian zene, most recoveries have been and are being made in
the offshore zone adjacent to the release area (Fig. 6).
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Table 4. Mean lengths of tagged juveniles recovered off shore and in inslde
waters during 1980-1982 {number of fish in brackets).

Inside waters Offshore

Year Sex X (cm) X (cm)
1980 Male 45,0 (34) 48,8 ( 8)
Female 45,0 (60) 42,2 (7

1981 Male 49.0 (36) 52.7 (23)
Female 51.6 (17) 56.0 (45)

1982 Male 51.8 (20) 54.1 (55)
Female 52.5 (36) 56.9 (91)

The mean lengths of tagged juvenile sablefish from the 1977 year-class
recovered offshore during 1980, 1981, and 1982 were 48.8, 52,7, and 54.1
for males and 49.2, 56.0, and 56.% for females. The mean lengths of
these offshore recoverles were significantly greater (t-test, p<0.05)
than those recovered from inside waters for the same years, 43.0, 49.0,
and 52 for males and 46.0, 51.6, and 52.5 for females {Table 4). The
majority of fish began to move offshore in 1981 (Beamish and McFarlane,
this symposium) at mean lengths of 52.7 and 56.0 for males and females,
respectively. These mean lengths are similar to size at 50% maturity,
{Mason et al., thls symposium; McFarlane and Beamish, this symposium)
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indicating that recruitment to offshore waters is in preparation for
spawning and is size related. These fish were tagged in 1979 and
1380 and samples taken at this time indicated they were almost
exclusively the 1977 year-class, Thus, the larger fish of a
year-class were the first to move offshore, Of the 1977 juveniles
recovered offshore in the fall of 1981, for which maturity data is
avallable, 50% were mature,

Growth

Examination of modes in the length frequencies (Fig. 7) Indicates that
growth in length is quite rapid initially with fish averaging 28 om In
November at the end of their first year of growth (D+), Samples of this
year-class In the spring averaged 31-33 om (Fig, 7), indicating that
growth Is greatly reduced during winter months. Juveniles reach 40 om by
the end of their second year of growth {age 1+) and at age 2+ and 3+
(third and fourth years of growth) mean lengths were 45 and 50 om,
respectively.,

Table 5. Mean length (cm) of each age-class of juvenile sablefish caught
in Hecate Strailt and Queen Charlotte Sound in 1979, (Sample size is In
parentheses, )

Age Male Female Male and female
September
1 37.0  {4)
2 41.5 {8&)
3 42,7 (100
November
0 29.4 (5) 306.7 (7 30,2 (12)
1 40,26 (6} 3%.3 (8) 32.7 (14}
2 43,4 (79) 44 8 (85) 43.7 (145)
3 45 .6 {7) 49.0 (10) 47.6 (17)

Crowth curves constructed from the mean lengths (Fig. 8) for each

frequency distribution were slmilar to growth determined from otoliths
{Beamish et al,, 1980; 1983). The von Bertalanffy growth equation (Fig. 8)
for juveniles Is

L = 52.2 (1-9'0'0?(t'0°24))
with length in om dﬂ& time In months,

Samples collected In Hecate Strait and Queen Charlotte Sound during
November 1272 and August 1981 indicated that the average length of
females after age 2+ was significantly greater (t-test, p<0.05) than that
for males (Table 5). While sample sizes are small it does appear that
differences In the rate of growth of males and females begin before
maturity.

Juveniles In the samples ranged in welight from 165 g to 1,755 g. The
mean weight of fish estimated to be age 0+, 1+, 2+, and 3+ in November
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was 240 g, 550 g, 740 g, and 960 g. The length-welght relationship

(Fig. 9) can be expressed by the eguation W = 7 X IO-S(L}j' '
where weight is In g and fork length in om,

At age 1 there is an inflection in the growth curve indicating a slowing
down of rapid growth in length and a corresponding increase in the growth
in weight,
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Fig, 8. Growth curve of juvenile sablefish as determjned by the mean
lengths of the 1977 year-class at varlous times of the year. The curve
was derived from the von Bertalanffy growth equatlon

L, = 53.2¢1 - 6-0.07(t-0.24))

with length in om and time in months.
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Sex ratio

Samples of trawl-caught juveniles captured in November 1973,
October 1980, and August 1981 indicated that the male/female ratio was
1:1; 296:269; 224:284; and 101:99, respectively. Llnless there is
differential mortality acting on adult tish after maturity, it is
probable that the male/female ratic found in the commerclal Ffishery
during spawning (1:3), and at other times {1:1.5) (Beamish et al., 983;
Mason et al., this symposium), iIs a reflectlon of a sampling bias due to
the fishery.

Feeding and predation

Examination of the stomach contents of 8564 juvenile sablefish captured in
bottom trawls in Queen Charlette Sound and Hecate Strait during 1272 and
1980 indicated that fish comprised the major component of the diet.
Pacific herring (Clupea harengus) were %1% by velume and unidentified
fish remains 20%. Euphausiids, were the major invertebrate prey (25%},
unidentified crabs and shrimp, jellyfish, sguid and unidentified
invertebrates were alsc consumed.

Although adult sablefish probably have few natural enemies, juvenlles
undoubtedly experience high mortality due to predation. Juvenile
saplefish are frequently found in the stomachs of halthut (Hippoglossus
stenolepis} (Bell and St. Pierre, 1970) and large sablefish {Kodolov,
T976). In Canadian waters, large numbers have been identifled In the
stomachs of Pacific cod {Gadus macrocephalus) (Westrheim and Harllng,
1983), lingcod (Ophiodon elongatus) and spiny dogfish (Squalus acanthias)
{unpublished data).

Relative abundance of the 1277 year-class and impact on other
comnercially important species

An estimate was made of the abundance of the 1977 year-class based on
reported trawl discards (Table 6). The reported discards totalled 2,090
and 1,503 t in 1979 and 1980, respectively. Many fishermen intervliewed
simply reported "large numbers" or "large amounts™ of discards. We
estimated that total discards could be 50-100% higher than reported and
could approach 3,000 t.

Since fishermen did not direct their effort on juveniles, we estimated
the exploitation rate to he 5%. This exploitation rate Is approximately
1/2 to 1/4 of exploitation rates for most commercial species and may be
high. Biomass estimates calculated assuming this exploitation rate and
the reported and estimated discards ranged from 41,000 teo 60,000 t for
1979 and 30,000 to 60,000 t for 1980,

Estimated biomass of the 1977 year-class was also determined using cohort
analysis based on 1981 age composition data from research eruises and the
commercial cateh. The 1977 year-class contributed 19.3% (numbers} to the
1981 fishery (Table 3), Contribution to the steck was determined uslng
population abundance estimates from tag release-recovery studies
{McFarlane and Beamish, this symposium} and 50% recruitment at age 4.

The abundance of this year-class in the fishery in 1981 was estimated to
he 4,079 t. However, as discussed previously approximately B8%
(corrected for 70% non-reporting) of the juveniles moving out of the
inside waters moved northward into the Gulf of Alaska during 1981 and are
not present in the Canadian fishery. Correcting for this migration rate
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Table 6. Reported Canadian blackcod discards {t), 1977-81.
Area

Year 4B kN 30 5A 58 5C 5D 5E Total
1977 - - 2.7 - - - 9.1 - 11.8
1978 6.8 63.8 - 86.1 101.3 B.& §9.9 o 357.5
1979 4.2 383.0 24.5 6.6  298.1 271,99 9421 5.1 2089.6
1980 3,3 281.,3 83,7 3%.7  307.2 107.0 663.3 22,0 1502.6
1981 0.2 48.2 0.6 5.2 63.5 44,3 180.5 4,27 346.8
Table 7. Estimated production of the 1377 year-class. Estimated biomass at

age is based on age composition data from research and commercial catches and
tag release-recovery population estimates.

Inst. Inst. Year -cliass® Mean
Mean wt growth growth biomass biomass Production

Date {gm) W rate G rate 7 (tonnes} B {(tonnes) B (tonnes) P
Mar 77 2X107 2,500

11.700 1.609 18,014 210,764
Nov 77 241 33,628

0.808 0.5M 39,155 31,637
Hov 78 541 45,294

0.313 0.357 44,312 13,870
Hov 72 740 43,368

0.260 0.357 41,331 10,746
Hov 80 260 39,383

0.189 0.7223 38,721 7,318
Hov 81 1,160 38,070

cerrected for migration of 1977 juveniles into Gulf of Alaska and
7% non-reporting.

Table 8. Estimated food consumption of the 1977 year-class.

Converslon Production Ration

Age rate K (tonnes) P {tonnes)

O 0.25 210,764 843,055
O+ - 1+ 0.20 31,4837 158,185
T+ - 2+ 0,17 13,870 81,588
2+ - 3+ 0.17 10,744 63,211
Fr - O 0,17 7,318 43,047
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gives blomass estimates of 43,368 t for 1979 and 39,383 t for 1980
(Table 7}, similar to the estimates obtalned from discard analysis.

It 1s probable that fisheries for many specles will be affected by
sablefish predation and competitien. It is the purpese of this
preliminary analysis to estimate the potential Impact of the 1977
year-class on the trophic system,

Preliminary estimates of the productien were determined using the
procedure outlined by Chapman (1968) and estimated food consumption
(ration) was calculated by:
Productton
K =
Rattfon
where K = production efficiency.

Estimated production and ration requirements for this year-class are
presented in Table 7 and 8. Although data 1s lacking to permit
quantitative estimates of consumption for individual prey species it is
apparent that the impact of strong year-classes on the entire trophic
system may be substantial. For instance, up to age 1+ (2nd year of
growth) the estimated food consumption of thls year-class 1s
approximately 1 million t, predominately plankton., Competition hetween
species which share the midwater plankton resource must be examlned and
the response of both prey and other predators determined.

The impact of sablefish predation on other fish species is an important
component of the system, For example, during thelr third, fourth and
fifth year of life the estimated consumptlon of this year-class was
187,896 t (Table 8). Samples collected in the fall of 1979 and 1980
indicated that fish composed &1% of the diet by volume, accounting for
114,586 t over the 3 year period or 35,000 t annually. As reported
previously herring was the major food item, accounting for %1% of the
total diet or £8% of the fish species eaten. This can be converted to a
total biomass of 77,017 t over the 3 vear perlod or an annual consumption
of herring of approximately 25,000 t. Tt Is unlikely that the estimate
is truly reflective of herring consumptlon as samples were obtained only
during the fall, however it does indicate the Importance of sablefish
predation on other fish species. Predator-prey relationships are an
important feature of sablefish dynamics and must be examlned.

The interaction of a strong year-class with succeeding year-classes may
be a key parameter in determining the age structure of the stock, Direct
competition and cannibalism are probably equally important In determining
year-class strength.
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Sexual maturity, fecundity, spawning, and early
life history of sablefish (Anoplopoma

fimbria) in waters off the Pacific

coast of Canada

John C. Mason

Richard J. Beamish

Gordon A. McFarlane

Department of Fisheries and Oceans
Nanaimo, British Columbia, Canada

Ohservations of maturity state from over 12,000 sablefish collected from
locations all along the west coast of Canada (Fig. 1} indicated that the
period of peak spawning was mid-February. Using daily observations we
show that 50% of the females spawned by Fehruary 12 {Fig. 2). This date
proved equally appropriate for flsh sampled off Vancouver Island, Queen
Charlotte Sound and the Queen Charlotte Islands, indicating no
slgnificant latitudinal effect. Little spawning was evident inm January or
April based upon our maturity data.

Iehthyoplankton hauls indicated that hlghest individual catches of eqygs
were taken in January and Fekruary (Flg. 3). The geometric mean catches
by cruise indicated peak spawning activity in February. The number of
positive stations for larvae was greatest In April, suggesting a perlod
of embryological development exceeding several weeks, The
ichthyoplankton survey and the maturity survey both showed that spawning
occurs almost simultaneously all along the coast. From the greater
abundance of eggs in mid-February, the ichthyoplankton surveys indicate a
greater spawning activity in late January than was Indicated from the
maturity observations. 35ince maturity uohservations were made on trapped
fish, one might argue that such observations are hiased toward feeding
fish. However, the present data preclude effectlve testing of this
assumption and we conclude that most spawning occurred during January and
February, with peak spawning occurring in February,

The samples of spawning fish were obtalned at depths ranging from 175 m
to 1450 m but most fish were caught at approximately 700 m as this is an
average fishing depth for commercial fishermen. The largest catches of
both eggs and larvae were taken at stations where tow depth exceeded
400 m. OFf 27 catches cxceeding ?5 egus/10 m?, 23 catches {85%) were
taken at sampling depths exceeding #00 m. Similarly, the six highest
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Flg. 1. Capture loecations for spawning blackcod.

catches of larvae were taken in tows deeper than 400 m, and 11 of 15
catches (73%) were made at tow depths exceeding 400 m.

Almost all eqgs were found at stations over or adjacent to the
continental slope. There was no indication of major spawning areas in
Johnstone Strait, Hecate Strait or Queen Charlotte Soeund. While
Fishermen have reported that small stocks of sahlefish spawn in some
matnland inlets, there remains little dount that the major spawnlng area
is atong the continental slope.

The coastwide distribution of spawning activity suggests an ahsence of
spawning migration, and this interpretation is supported by the results
of our tagging study. A total of 128 taoged sablefish were recovered
during the maturity study. These fish were tagged from February to
September, 1977 to 1980, as part of d program to identify sablefish
stocks [n the Cangdlan zone. Of 78 tags recovered, 90% were taken
wlthln 200 km and 81% within 100 km of the tagming location indLcating
that there is no extensive annual spawnlng migration, although lncalized
movements mdy ooCUr.
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Fig. 3. Geometric mean catches of blackcod eggs and larvae
along the Paciflc coast of Canada, 1980.

Fifty percent of females and males spawned for the first time at an age
of approximately S yr. Length at 50% maturity was approximately 58 cm
for females and 52 om for males, The adult male-female ratio during the
spawning season was approximately 1:3 for both years. During all other
sampling periods the ratio was 1:1.5. [he sex ratie of juveniles was
equal. Fecundity estimates are described by the equation

F = 1.11987FL2 - B284

After hatching in March and April, postlarvae moved into the surface
waters and were found >100 miles off shore in late March., Juveniles were
found an the surface in inside waters In July and August, attaining a
length of 2 cm by early August. Juveniles may remain in inside waters
until maturity when they return to the spawning areas.

Daily growth increments were examined from 9 juvenile sablefish (see
Beamish, Mcfarlane, and Chilton, this sympoesium, "The use of
oxytetracycline and other metheds to validate a method of age
determination for sablefish”). The pattern of daily growth suggested
that the first month of growth occurs at spawning depths, then there is a
period of approximately 4 months during which growth Is irreqular as the
larval sablefish moves inshore in the surface waters.
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Progress in the study of the biochemical
genetics of sablefish

A.J. Gharrett

Margery A. Thomason
University of Alaska
Juneau, Alaska, U.S.A.

and

Lisa N. Wishard

University of Washington
Seattle, Washington, U.S.A.

This 1s a progress report in our study of the blochemical genetics
of sablefish (Anoplopoma fimbrie), Our results will be considered
mare completely elsewhere.

Biochemical genetic data has served as a means for identifying dis-
crete stocks and separating mixtures tnto component stocks (eg.
Ryman er al., I979; Grant et al., 1980). Over time, the genetic
compositions of reproductively isolated populations may diverge.
This divergence may provide a means for identifying discrete stocks,
or at least infer the presence of discrete stocks In a mixture.
Because little is known about the population structure of sablefish,
we undertook to examine this problem from a genetical point of
view. Starch gel electrophoresis is a tool commonly empleyed for
obtaining genetic data on a population. The nature of the data is
binomial or multinomial and 1s somewhat similar te that of ABO
bleed grouping in humans.

Tissue samples of more than 1900 sablefish were collected for blo-
chemical genetic analysis between 1978 and 198l. The samples were
ptocured primarily through the Worthwest and Alaska Fisheries
Center (NWAFC) (US National Marine Fisheries Service). The geogra-
phical locations sampling extend from Patton Escarpment off southern
Califernia along the continental shelf of Cregon, Washington, and
southeast Alaska and along the Alaskan Peninsula and the Aleutian
Islands to Kiska Island. Included also were a sample from the
Bering Sea, samples from seamounts ir the Gulf of Alaska, and
samples from the inside waters of southeast Alaska. Thirty seven
separate collections were made. For purposes of analysis, collec—
tions made in the same season of the same year, within 1° latitude
and 1° longitude of each other and which displayed no heterogenelty
were pooled. Fooled collection of less than 40 specimens were
eliminated from the analysis. Twenty-one groups resulted from
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Figure 1, Geographical locations of collections of sablefish and
teantative grouplngs of maximum $nsignificance as determined from
a stepwise test procedure using G-statistics.

this treatment (Figure 1).

These collections were not made on spawning populations and, there—
fore, do not necessarily represent discrete stocks.

Two laboratories were involved in this project, those of Wishard and
of Gharrett. We exmained 37 elecrropharetically detectable loci, and
disdiscovered considerable polymorphism. Thirty of the thirty seven
loci were polymorphic and five of the loci each had between five and
eight alleles. The large number of possible banding patterns, the
poor quality of some of the samples, and slight procedural differences
employed by the two laboratories, introduced the possibility of
interpretational ercor. To eliminate this possibility, and because
many of the allelic frequencies were so small they would have to be
pooled to be useful statistically, the frequencies of less common
alleles were pooled with frequencies of alleles having similar elec-
trophoretic mobitities. MNine loel had sufficlent variability to be
useful in examining the existence of stock structure (Table 1).

Tnter lababoratory comparisons were made with data pooled as describ-
ed above for theme nime loci. While there was considerable overlap
in the geographical range of samples examined by each lab there was
no a priori reasen that the total samples for the two labs should be
homogeneous, However, leg-liklihood ratio comparison (Sokal and
Rohlf, 1969) indicated that with the exception of phosphomannose-
isomerase (PMI), they were homogeneous (See Table 2). These results
suggest that Interpretation of banding patterns was consistent between

144



Table 1. Electrophoretic loci The dara were then stratified

used in Analyses by depth of capture into four
groups differing by approxi-
Adenosine deaminase {ADA) mately 140 meters., Log-likli-
Aleohol dehydrogenase (ADH) hood ratio analysis was per-
Creative Kinase {CK) formed on the four groups for
Phosphoglucose Isomerase (PGI2) all eight loci, No signifi-
Phosphoglucomutase (AGM1) cant differences were observed
Phosphomauncse Isomerase (PMI2) rhat related to depth of cap-
6 Phosphogluconate dehydrogenase ture {Table 3).
{6PG2)
Sorbitol dehydrogenase (SDH) Analyses wetre made of the geo-
Superoxide dismitase {50DL) graphical variation among col-

lections. These data will be

more completely reporred else—
where, It was found that after performing stepwise test procedures
(STP) using log-liklihood analysis (Sokal and Rohlf, 1969), some
genetlc substructure does exist, In several geographical regions,
collections were relatively homogeneous whereas other regions appeat-—
ed to be comprised of more discrete groups of sablefish. The
distribution of maximslly insignificant collections is depicted in
Figure 1, It appears that collectiens from California are homogene-
ous as are the southeastern Alaskan samples, the northern Gulf of
Alaska samples, and the Aleutians Island and Bering Sea samples.
Samples from the Pacific Northwest and northerrn British Columbia
appear to exhlblt considerable hetercgeneity suggesting the existance
of localized populatiens. It i3 possible that scme of this structure
mzy be attributed to oceanographle couditions.

A comparison was made between the heterogeneity observed within group-
ings to that observed between groupings. This was dome by creating
an F-gstatistic from the ratlo of the twoe G-statisics deseribing
those heterogeneitiea, Although the groupings were originally de-
rived by using a warimum nonsignificance procedure, the F-statistic
indicates there 13 only a 3,1%1077 chance that these two levels
of heirarchy reflect comparable heterogeneties.

Table 2, Interlab comparison of data taken at 9 locl from 1900 spec-
imens. Log likelihood ratios (G statistics) and degrees of specimens
presented.

ADA ADH cx PGI2 PGM1 PMI2 6PG2 SDH SODL
2.99 0,37 2,07 0.00 0.99 14,16 0.13 2,95 6,34
1df 2df idf 1df 14f l4f 1df 2df 3df

Total 33.53 30df

w/o PMIZ 19,19 194f
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Table 3. Genetic comparigon of the two labs. To obtain the

sablefish captured at different most congservative interpre—
depths. The limits for each of tation, subsequent analyses
the four depth ranges compared were performed without PMI
and the sample size for the data.
locus at which the fewest obser-—
vations were made for each depth NOTE in the presentaticn at
range are shown. The G-statis- the symposium, it was stated
tic for the comparisons involv- that the two California col~
ing eight loci and the degrees lections were digtinct. Re-
of freedom are also shoun, view of the data, however,
shows no differeuces between
Depth Range Minimum Sample Size the. The other data present-
ed were correct,
305430 m &0
480-360 m 218 Acknowlegements
675-692 m 7l
794-1292 p 39 We thank Ms, Terry Hammond
for her help in putting this
G = 45,163 36df manuscript in the proper for—
wat and Ms, Chris Broderson
for her art work.
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Summary of results of the Canadian
sablefish tagging program

Richard J. Beamish

Gordon A. McFarlane

Department of Fisheries and Oceans
Nanaimo, British Columbia, Canada

Abstract

After five consecutive years of marking and recapturing sablefish, a
total of 115,604 figh were tagged and 7,57¢ recaptured as of December 31,
1981. Moat fish {88.7%) were recaptured within 200 km of the release
area, Iindicating that once adults are recruited into the fishery they
were fished as localized stocka. 1In general, within the Canadian zone
the pattern of movement off Vancouver Island and the Queen Charlotte
Islands Is differeant. There is a slow movement of adults out of the
release area and there are small numbers of figh that undergo extensive
movements. A total of 5.5% (or 9% when adjusted for non-teporting of
tags) of the recoveriesg of adults were made In the United States zone.
Preliminary results from the United States tagging program show that more
adults move inte the Canadian zone from the Gulf of Alaska than move into
the Gulf of Alaska from the Canadian zone. There was no Indication that
large numbers of adult sablefish underge short-term or long-term
directional movements. These movements indicate sablefish are one
population but the pattern of movement, the number that moved more than
200 km and the nature of the Canadian filashery indicated that sablefish
should be managed as several gtocks. In contrast to adults, juvenilas
tagged in Hecate Stralt and Queean Charlotte Sound have moved cffshore in
increasing numbers and in 1982, V0% of all offshore recoveries were made
in waters off Alaska. Estlmates of the abundance of the Juveniles reared
in Hecate Strait and GQueen Charlotte Sound and the very high percentage
of these fish that are recrulted into the fishery off Alaska, indicate
that the Canadian zone provides an ilmpartant rearing area for jJuvenile
sablefish that are recrulted into the United States zone.

Introduction

The Canadifan sablefish {Anoplopoma fimbria) tagging program was initiated
in 1977 to identify atocka In the Canadian zone. Adults were tagged off
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the west coasts of Vancouver Island, the (Queen Charlotte Islands and
outside of Queen Charlotte Scund (Figs. 1, 2, 3). A few adults were
tagged in mainland inlets and in Queen Charlotte Sound. Juveniles,
primarily from the 1977 year—class were tagged in Hecate Stralt and Queen
Charlotte Sound. The program was well advertriged and is strongly
suppetted by Canadian fishermen.

In addition to studying the movements of adults and juveniles, the
program was used to validate the method of age determination developed
for sablefish by Beamish and Chilton (1982). The tagging study was also
used to make an approximate estimate of blomass, however the study was
not designed to produce population estimates.

The results of the age validatlon studies, population estimates and
biological information collected during the program are summarized iIn
other papers in the symposium (Beamish et al., McFarlane and Beamish =z,
B).

Materlals and Methods

Fighing methods

The various gear that was used to catch sablefish has been described in
Beamlsh et al. (1978, 1979, 1980, 1983). Rectangular and Korean style
traps baited with frozen herring were used in most cruises. Bottoem
trawls were used to collect most juveniles and a small percentage of fish
were captured with long-line gear. Fishing times were adjusred ro ensure
best survival of adults and juveniles. Very little mortality was
observed in trawl- or trap-caught fish. For example, 3,909 juveniles in
lots of 300~-400 were held In recovery tanks for 1/2 to 3 hours and cnly
30 or 0.8% died.

Tagging methode

The primary tag used was the Floy FD—68 anchor tag. Approximately 10%
of the fish received a second "suture” tag (White and Beamish, 1972;
Beamish et al,, 1979). Trap-caught figh were transferred directly into
holding tanks that had a continuous supply of sea water. Each fish was
dipped out, measured for fork length, tagged and then released
immediately over the side of the vessel. The majority of fish sounded
and weTe out of sight within seconds. Condition of the fish, and any
problems with the tags were recorded. The long-line caught fish were
“dipnetted” as they came to the surface and were brought on board in the
net. The hook was then carefully removed and the fish put fnto a holding
tank. Approximately 301 of long-line caught fish were not tagged due to
hook wounds. Anaesthetlc was not needed with elther the trap— or
long-line-caught fish.

Trawl-caught juvenile sablefish were anaesthesized prior to ragging using
MS 222 (Tricaine Methane Sulfonate). The response to anaesthetic waa
monitored and fresh sea water was added to the anaesthetic tank if the
opercular movements were thought to be excessively reduced. Fish were
tagged with either anchor tags or suture tags. No Juvenile fish recelved
two tags and none had Injections of oxytetracycline.
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west coast of Vancouver Island from 1977-1980.
recovered in USA waters.
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Sampling methods

Starting in 1980, sablefish were measured for fork length to the nearest
millimerre rather than to the nearest centimetre as in previous years.
Lengths to the nearest mm were recorded to ensure that careful
measurements were taken and to attempt to document the slow growth of
sablefish beyond the juvenile stage. Sample lots of fish were measured
for length and welght, sex and maturity were determined, and otoliths
coliected for age determinaticn. Sample lots were gelected that were
thought to be representative of the size compoaition of the catch.

Recovered tagged sablefish were measured for fork length to the nearest
millimetre, examined for sex, maturity, stomach coatents, abnormal tag
wounds or other injuries, and sampled for otoliths. Most recovered fish
were frozen before nmeasurements of length were taken.

Age was determined from broken and burnt otaliths as described by Beamish
and Chilten (1982).

Oxytetracycline dosage studies

The walidation of an age determination method 1s essential for the
understanding of the blelegy eof any fish. One of the few methods for
validating age determination is ro inject oxytetracycline into a fish so
that a mark is deposited in the ageing structure. The most sultable
dosage necessary to produce this mark in sablefish was determined
initially from previously published studies {(Kobayoshi et al., 1964;
Weber and Ridgway, 1962, 1967). It was soon realized that thia dosage
(100 mg/kg) caused Increased mortality (Beawish et al., this symposium).
The most appropriate dosage from field atudies was then determined.

Recoveries from 1982 were being tabulated at the time of writing this
report. Where possible the results up to December 31, 1982 have been
used,

Results and Discussion

Tag loss

In thes experimenta where double tagging was conducted, 9.1% of the fish
received a second tag. The recovery percentage of double-tagged fish
(8.1%, Table 1) is very similar to the release percentage indicating that
o increased mortality resulted from applylng two tags. There was an
overall loss of one tag from 12.6Z of the double—tagged fish (Table 1)
with the suture tag belng lost from 5.3% and the anchor tag from 7.3%.
There is no obvious trend to the loss so it 1s not possible ro conclude
that one type of tag 1ls more suitable. Recoveries of fish with lost tags
have occurred each year with no increased trend (Table 1), indicating
that most losses pecurred shortly after tagging.

1t is apparent from the double-tag studles that tag loss Is lumportant.
While it is possible that the loss of one of the two tags ia uet
indicative of the losa when a fish recelves only one tag, 1t ia more
probable that the results are repregsentative of actual tag loss.

Based on a previcus study (White and Beanish, 1972) it wae expected that

the suture tag would not be lost Lf properly applied. However there were
losses, posaibly because of the technical difficulty of applying the tag.
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Table 1. Double-tagged fish, cumulative tag recoveries for 1977-81.
Percentages indicate tag loss from fish that veceived both tags.

Recovery year after tagging

Release
year 1] 1 2 3 4 Total (%)
1977 suture lost - - - 1 2 3 (2.1)
(n=1026) anchor lost 2 3 - 1 - 6 {4.3)
both tags L s 30 18 9 132 63.6)
total 13 67 30 20 11 141
1978 suture lost - 2 - 6 (8.3
(n=1054) anchor lost - 1 - 1 2 (2.8
both tags 8 24 23 9 64 (88.9)
total 8 27 27 10 72
1979 auture lost 3 4 7 14 (5.3
(n=1386) anchor lost 7 9 g 25 (9.4)
both tags 92 93 41 226 (85.3)
total 102 106 57 265
1980 guture lost ] 4 10 (7.1)
(n=1610) auchor lost 4 8 12 (8.6)
both tags 60 58 118 (84.3)
total 0 Kl 140
Toral 193 270 114 30 11 618 (8.1)

Recovery rates

A total of 115,604 sablefish have been tagged in this study as of
December 31, 1981, 55,984 of which were juveniles from mainland inlets,
Hecate Strailt or Queen Charlette Sound {Table 2). These areas will be
raferred to as inside waters. Oxytetracycline injections, with dosages
derived from the literature, were suspended in 1978 when it was
deterwined that the dosage was causing mortaliry (Table 3). In 1981,
10,431 fish were tagged and injected with varying concentrations of
oxytetracycline ag part of the study to determine an effective and safe
dosage for sablefish. Results of these studles are reported elsewherein
this sympesium (Beamish et al., this symposium).

As of December 31, 1981, 7,576 tagged sablefish have been recovered
{Table 2). The total percent recovery is 6.6% or 10.7% if juveniles
tagged in the inside waters are excluded. Recovery rates that exclude
these juveniles probably are more representative since they are only
beginning to be recruifted into the "offehore” fishery. Alse, 1f the figh
injected with a dosage of 100 mg/kg of oxytetracycline are excluded
because of the increased mortality, then the percent recovery becomes
15.0%.
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Table 2. Releases and recaptures of tagged sablefish as of December 31,
1981 for all tagged sablefish.

Ho. No. (%) of
of fish tagged fish
Release area and date tagged recovered
Queen Charlotte Islands July 77 5,158 1,204 (23.3)
Vancouver Island Sept 77 5,505 161 (3.0)
Queen Charlotte Islands May 78 5,284 532 (10.1)
Vancouver Island-Queen June 78 5,465 418 (7.6}
Charlotte Sound
Queen Charlotte Island Oct 78 121 21 (17.4)
Vancouver Igland May 79 9,111 1,204 (13.2)
Queen Charlotte Island June 79 6,33% 1,3%0 (21.9)
Queen Charlotte Island Aug 79 282 21 (7.4)
Queen Charlotte Sound- Oet 79 12,983 146 (1.1)
Hecate Strait
Queen Charlotte Sound- Nov 79 12,528 B0 (0.6)
Hecate Strait
Departure Bay Dec 79 26 1 (3.8
Queen Charlotte Islands Feb 80 1,538 151 {9.8)
Vancouver Island Mar BO 4,703 560 {11.9)
Queen Charlotte Sound Mar 80 3,110 399 (12.8)
Inlets May 80 7,018 754 (10.7)
Queen Charlotte Islands July 80 2,547 116 (4.6)
Queen Charlotte Sound- Oct 80O 11,148 5 (0.7)
Hecate Stralt
Queen Charlotte Islands Mar 81 3,112 118 (3.9)
Queen Charlotte Islands June 81 2,908 104 (3.6)
Queen Charlotte Sound- sug 81 12,306 40 (0.23)
Hacate Strait
Queen Charlotte Islands Nov 81 4,411 0
Unknown release area 81
Total 115,604 7,576 (6.6)

The recovery peccentage of 6.6% 1s higher than that ohserved for any
other major sablefiah tagging study (Wespestad et al., 1978, 2.9%;
Sasakl, 1979, 1.6%; Phillips, 1969, €.22~-4.63%) and the percentage in
this study obviously will Increase with time. The percentage 1s high
because the relatively small number of fishermen in the Canadian fishery
are extremely supportive of the study and make every effort te return
fish. We suspect that care durlng the tagging operation and the tendeacy
for fish to remaln In the release area alzeo are Ilmportant reasons for the
high rate of returns.

Recovery percentages vary among release areas, Lreatments and time ac
liberty (Table 2). The highest percentage recovery of 23.3% is for the
July 1977 cruise off the west coast of the Queen Charlotte Islands. The
lowest percentages for filsh that have been at liberty for more than 2
years is 3.0% for fish Injected with oxytetracycline and released off the
west coast of Vancouver Island in September 1977 (Table 3). The
projected asymtotic recovery percentage using the equation for the curve
in Fig. 4 1s 25% for the high recovery study. No asymtotic recovery
percentage is projected for the low recovery rate as cumulative
recoverlea are continuing to Inereaae {Fig. 4}.
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Fig. 4. Cumulative percent recovery of tagged sablefish.
A. Non-injected fish released in July 1977 (Queen Charlotte Islands).
B. Injected fish released in September 1977 (Vancouver Island).

In a few cases the recovery percentage was very low as a result of either
a small mumber of releases or releases I1n an area that is not fished
extensively.

Fish that were tagged in mainland inlets in May 1980 were 2 mixture of
juveniles and adults. There was a greater number of adults in the iInlet
sample compared to samplea from Hecate Strait or Queen Charlotte Sound
{Fig. 5). The recovery percentage its high (Table 4) because of a small,
but active local fishery.

The recovery percentage of most juveniles was low (Table 4). Juveniles
that were tagged in Queen Charlotte Sound and Hecate Strait were almost
entirely from the 1977 year-class. Since these fish were small and
tended to remain in the inside waters, they were not fished commercially
except as iacidental discardas by bottow trawlers. It ig anticipated that
most of these fish will be recruited inco the offshore fishery during
1983,
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Table 4. Releases and recaptures of tapped sablefish in Inshore waters as of
December 31, 1982.

Releage area and date No. releasad No. recaptured (%)
1980 1981 1982 Total

Queen Charlotte Sound — Oct 79 12,983 84 43 40 185 { 1.4)
Hecatre Strait

Queen Charlotte Sound - WNov 79 12,528 56 20 29 109 ( 0.9
Hecate Strait

Queen Charlotte Sound — Oct 80 11,148 8 71 50 129 ( 1.2)
Hecate Strait

Queen Charlotte Sound — Aug 31 12,306 - 42 160 202 ( 1.6)
Hecate Strait

Inlets May BO 7,019 480 274 229 983 (14.0)

As stated previously there was a lower recovery rate of Figh injected with
oxytetracycline, For example, fn the May 1978 release, only 5.4% of the
injected fish have been recovered compared to a recovery of 33.7% of the fish
not injected on this cruise (Table 3). Thus, there is llittle doubt that a
dosage of 100 mg/kg caused Increased mortality. The total perceant recovery of
non-Injected fish 18 significantly higher than fish injected with a dosage of
100 mg/kg (t—test P{.05).

The number and percentage of recoverles will be affected by cateh and
effort. Since there are no area restrictions within the Canadian zone,
we assumad that Fishermen will concentrate their effert in areas of fish
concentrations. We are assumlipg that effort is proportional to biomass
and catch can be used as an index of relative abundance among areas.
Using this assumption and assumlng that tags were distributed
proportionally by area, we feel that tags are vecavered in proportion to
abundance and wmovement of tapgged fish is Iindicative of wovement within
the populaticn when the recoveries from different areas are weighted
according to catch.

In the Canadian zone, the International North Paciflc Fisherles
Commission (INPFC) area, Charlotte, is approximately equivalent to the
area off the west coast of the (Queen Charlotte Islands, and the area off
the west coast of Vancouver Igland is approximately egquivalent to the
Vancouver area. [UUsing catech data cowpiled by INPFC area for all natlions
fishing gablatish off Horth America (Tabkle 5), 1t 1s apparent that,
except, in 1981, there hawve not been malor chaunges lu the propertion of
catch taken In rthe Charlotte and Vancouwver ateas. In 1981 there was a
ma jor increase In the catech in the Charlotte area and a corresponding
decrease in the Vancouver area.

The catches in United States waters to the nerth and south of the
Canadilan zone have fluctuated substantially (Table 5). In additlom,
non~reporting of recoveries off Alaska is conslidered te be a serious
problem where it 1s estimated that 70% of the recoverles of tagged flsh
are not reported {Bracken, 1982}. Thus, recaptures In the United States
zone should be compared to recaptures ln the Canadlan zene by
standardiziag for catch and population slze as well as correcting for
non—teporcing. These adjustments can best be made by comparing
exploitaticn rateg. Unpublished estimates of exploitation rates iIn
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Canada and off Alaska indicate that rates may hoth be approximately 0.1
(McFarlane, G. A., unpublished; Balsiger, J., unpublished). If this is
correct then adjustments nead to be made only for non-reporting when
comparing recoveries in the United States and Canadian zomes since most
foreign recoverles are made off Alaska. The total percent recavery of
adults in United States waters as of December 31, 198l was 5.5%.

Ad justed for a 70% non-reporting rate the percentage recovery becomes
9.0%. Because the 70% non-reporting rate is only an estimate and appears
high, and we are assuming no spatial differences, and a 100%Z reporting
rate In Canada, it {s probable that the percentage recovery rate of 9.0% is
closer to a maxiwum value. This rate is relatively small compared to
recoveries in Canadian waters and indicates that relatively few recoveries
have been made in the Vnlted States zone from 1977 to 1981.

Table 5. All-nation catch of sablefish in the northeast Pacific.
Japanese catch included in total and listed in brackets.

INPFC Area 1977 1978 1979 1980 19318
Shumagin 1241 1371 809
(1240) (1371) ({809) (684) (469)
Chirikof 1360 968 990
(1360) (968) {990) (1204) (391)
Kodiak 3002 1925 2138
{3000) (1925) (2084) (345)
(2605} ’
Yakutat 5149 2710 2455
{5002) (2623) (1938) (118}
Southeastern 4400 1180 2115 2346 1710
{3724) (32) (79} {12.9) {Z2.4)
Charlotte 2155 1814 1640 1895 2790
{1818) (1339 (264}
Vancouver 2463 2066 2027 1898 1097
(1143) {764) (125}
Columbia 893 1953 8357 3693 3645
Eureka 1140 1334 2088 14148 2488
(1305)®
Monterey 3390 3556 089 1569 * 3770

8lan-July only.
bealifornia. Exact INPFC area unknown.
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Movement of juveniles

Juveniles were tagged in 1979, 1980 and 1981. Inlet-tagged fish have
been treated separately from those tagged in Queen Charlotte Scund and
Hecate Stralt because of the highly localized fishery on the apecific
inlet stock that was used In the tagglag study (Table 6, 7).

In 1980, most recoveries (91.3%) were made in Queen Charlotte Sound and
Hecate Stralt (Fig. 2). During 1981 and 1982 there was an increasing
percentage of recoveries offshore. 1In 1982, there were 179 recoverles
made in offshore waters (Table 6) and 6l% of these were in the United
States zome. Almost all of the recoveries in the Unlted States zoue
(91.7%) were from waters off Alaska. 1n the Canadian zone recoveries
were made in all offshore areas with a higher percentage off the west
coast of the Queen Charlotte Islands (Table 8).

Ages of a sample from the 1981 tagging had both 1977 and 1979
year-classes while the 1979 and 1980 samples were exclusively from the
1977 year—class. Since recruitment of these ? year-classes offshore
probably does not occur simultaneously, movements of Jjuvenlles were
exanined using only the 1979 and 1980 releases. Most recoverles iln 1380
of tagged fish from the 1977 year—class were made in Queen Charlotte
Sound and Hecate Strait (Table 6). From 1980 to 1982 there was a linear
decline in catehes from these waters and a corresponding Increase in
outslde waters (Fig. 6). 1In 1982, 73.1% of all recoveries were made
offshore and 76% of these were in the Unlted States zone. Most of these
fish (93.8%) were recovered off Alaska.
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Fig. 6. Percent recovery of figh from the 1977 year class treleased In
1979 and 1980 (inlet tagged fish not fncluded and not corrected for
non-reperting of recaptures). Offshore recoveries include all fish from
Canadian and United States wat
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Interpretation of these recovery percentages requires an appreciation of
the fishing practices in the various areas off the west coast of North
Ametica. Off Washington, Oregon and California, sablefish in the

50~60 cm range are retained. Thus, most juvenilea of the 1977 year-clas
captured in this area probably will be retained, however, we have no
estimate of the non-reporting percentage from thig area. In Canada in
1981 the mean slze of the 1977 year~class in the offshore area was 36.7
ct and samples from commercial! catches indicated that this year-class
accounted for approximately 19.3% of the catch by numbers. 1In 1982, the
1977 year-class averaged 62.3 em and while its contribution to the
commercial catch remains to be estimated, preliminary indications are
that it will be higher than In 1981. These aizes are above the minimpum
legal size limit of 55 cm and many would be retained by fishermen. Also,
it is believed that any Canadiau fishermen finding a tagged fish would
retain and report that fish even though 1t may not be a desired size.
Thus, 1t is probable that in Canada most tagged juveniles would be
returned. O©Off Alaska the Japanese fishery retains fish in rhe 50-60 cm
range and hence would retaln tagged fish of the 1977 year-class. The
United States fishery off Alaska does not retain fish smaller than 1.4 kg
or approximately 57 cm. Thus, it i1a probable that the number of
recoveries of tagged 1977 year-class fish has been under-raported by
United States commercial fisheriles off Alaska.

Despite thie probabllity of significant under-reporting, the very high
percentage <of recoveries In waters off Alaska clearly indicates that magt
of the fish that moved offshore were recruited into the United States
waters. If Bracken's flgure of 70%¥ non-reporting is used to carrecr the
recoveries in the United States zone, then in 1982 approximately 637 of
all of the members of the 1977 year-class tagged In Canadian waters were
recaptured in the United States zone. Estimates of the blomass of that
segment of the 1977 year-class reared In Hecate Strait and Queen
Charlotte Sound, and recruited into the commercial fishery in 1982, range
from 30,000 to 60,000 t with a best estimate of approximately 38,000 t
(McFarlane and Beamish a, this symposium). The 1982 recovery percentage
of 63% {corrected for non-reporting in the United States zone) would
indicate approximately 20,000 t would be recruited Into the flshery off
Alaska.

If the pattern of recovery coatinues as in 1982, there will be litctle
doubt that sablefish reared in Hecate Strait and Queen Charlette Sound
are an important source of recrultment to the sableflish fishery in waters
off Alaska and a major loss te the Canadian fishery. If most of the fish
move offshore as expected, the percentage of the tagged 1977 year-class
recovered off-shore in 1983 will be higher than the 73.1% that woved
offshore In 1982 (Table 6). As recruitment of the 1977 year-class is
ptobably still incomplete, the ultimate amount of recruitment Inte waters
off Alaska will be greater than the estimated 20,000 t.

Fish tagged in mainlard inlets were recaptured at a higher rate than
juveniles tagged in other areas (Tables 6 and 7). The pattern of
algration was similar to other releases except that a higher percentage
of fish was recaptured at the tagging site. The higher recovery
percentage resulted from increased fishing effort In the inlets trhat was
directed at adults, some of which were tagged and released along with
Juveniles. The recovery of adults is included In the total percentages
as 1t was not poesible te separate adulra from juventles using only
lengths.
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Movement of sablefish tagged as adults

Distance travelled by tagged fish was summarized as those fish that moved
less than 50 km, 50-200 km, aud greater thanm 200 km. The selection of
these groups had no particular significance other than that 50 km would
obviously indicate very limited movement. Since commercial vessels often
work an area approximately 100 to 200 km long during one trip, we have
used the catepory >200 km to indicate major movements out of a fishing
area.

As of December 31, 1981, 6,337 (88.7%Z) recaptures had been made within
200 km of the release area (Table 8). The average net movement for all
of these recaptures was l4l.7 lm. Thus, most sablefish have been
recaptured close to the releagse area. There weye gome movements of 2000
te 3000 km (Table 8) but rhey remain in the minority.

Movement as indicated by the percent of fish recaptured among major areas
must be carefully assessed. If exploitation ratee are elmilar among
areas and reporting rates are similar, then moevement has a direct
relationship to recovery percentages. However, it is difficult to
determine exploicarion rates, and local and annual variation of these
rates will occur. Within the Canadian zome we do not believe
non—-teporting of tags to be a serious problem but it appears that it is
tn the United States zoue. This Inability to determine axact recovery
percentages restricts the amount of arnalysis, however, it 1s possible to
draw gome Teasonably reliable general conclusions about sablefish
movement .

Tagged flsh released off Vancouver Island were recovered from Callfernia
to the Aleutians (Fig. 1). Of all recaptures from the releases off
Vancouver Island from 1977-1981, 81.3% were made off Vancouver Island,
2.1% in the United States zone south of Vancouver Island, 1.7% in the
United States zone north of Dixon Entrance, and the remaining 14.9% in
other areas within the Canadian zone {Queen Charlotte Socund and off the
Queen Charlotte Islands). More fish (7.7%) have been recovered in Queen
Charlotte Sound than ¢ff the west coast of the Queen Charlotte Islauds
(1.3%) even though catches have been larger off of the Queen Charlotte
Islands.

Most fish (81.7%) tagged and released off the weat coast of the Queen
Charlotte Islands were recovered there. Recoveries can be quite close to
the exact site of release. The net wovement from exact release gite has
been examlned for oune crufse (Fig. 7, Table 10). Over a perlod of 5
years, 507 were recovered within 20 im of the release site. Migrants did
not move as far scuth but did move further westward (as far as the
Aleutlan Tslands) than did fish releaged off Vancouver Island. The
percentages recovered in the United States zone north of Dixon Entrance
were higher (6.6%) than recoveries from Vancouver Island releases but
lower (0.3%) In the United States zone south of Vancouver Island. In
contrast to recoveries of Vancouver Island releases, fish tagged off the
Queen Charlotte Islands were tecovered in Dixon Entrance and northern
Hecate Stralt.

Recaptures off Vancouver Tsland from releases in the immediate area were

proportionately larger than were recaptures off the Queen Charlotte
Islands frem releases off those islands (Table %92, b).
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Table 9a. Recoveries of sablefish at various distances from release areas off the
wast coast of the Queen Charlotte Islands for each year after rvelease.

Total % (no.) recoveries from release area
Tagging Recovery numbers
year year recovered <50 tm (no.) 50-200 km {nc.) >200 km (no.)
1977 1977 132 87.9 (116} 9.1 (12) 3.0 (4)
1978 624 77.9 {486) 18.1 (113) 4.0 (25)
1979 221 49.8 (110} 25.8 (57) 24.4 (54)
1980 133 48.1 {64) 27.8 {37 24.1 (32)
1981 82 42.7 (3% 30,9  (24) 4.4 (20)
1982 40 55.0 (22) 22,5 $)) 22.5 {9)
1978 1978 209 92.3 (193) 7.2 (15 0.5 (1)
1979 176 68.2 (120} 20,4 (36) 11.4 (20)
1980 101 54,4 (55) 21.8  (22) 23.8 {24)
1981 59 47.5 (28) 32.2  (19) 20.3 (12)
1982 - 17 41.2 (N 29.4 (5) 29.4 (5)
1979 1979 472 81.1 (383) 13.1  (62) 5.7 (27)
1980 - 512 64.0 (327) 19.9 (102) 16.2 (83)
1981 323 72.4 (234) 11.5 (37 16.1 (52)
1982 82 48.8  (40) 23.5  (19) 28.0 (23)
1980 1980 92 55.4 (51) 28.3  (26) 16.3 (15)
1981 164 52.5 (83) 28.4  (46) 20.1 (33
1982 65 43,1 (28} I8.5  (25) 18.4 (12)
1981 1981 232 66.4 (152) 17.9  (41) 15.1 ¢35)
1982 365 60.8 (222) 20,3 (74) 18.9 {69)

Table 9b. Recoveries of sablefish at wvarlous distances from release areas off the
west coast of Vancouver Iasland for each year after release.

Total % (no-) recoveries from release area
Tagging HRecovery numbers *
year. year recovered <50 km {no.) 50-200 km {no.) >200 km {(no.)
1977 . 1977 6 66.7 (4) 33.3 (2) - (0)
1978 13 30.8 (4) 6l.5  (8) 7.8 (L)
1973 33 57.9  (22) 18.4 (7) 23.7 (9
1980 62 79.0 (49) 12,9 (8) 8.1 (5
1981 37 67.6 (25) 1.2 (7) 15.2 (%)
1982 18 94.4  (17) 5.6 (1) - )
19734 1978 22 81.8 (18) 9.1 (2) 3.1 (2)
1979 143 70.6 (101 14,0 {20) 15.4 (22)
1980 169 82.8 (l40) 7.0 (13) 9.5 (16)
1981 &7 7.6 (48) 17.9 (12) 10,4 (D
1982 3l 80.7 (25 6.1 (9) 3.2 (1)
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Table 9b {cont'd}

Total % (no.) recoveries from release area
Tagging Recovery numbers
year year recovered <50 km (ne.) 50-200 km (ne.} 2200 km (no.)
1979 1979 333 82,0 (273 10.2 (34) 7.8 (26)
1980 634 88.6 (562) 7.3 {48) 4.1 (26)
1981 173 55.9 (95 23,7 (41} 21.8 (37
1982 220 87.3 (192) 4.5 {10) 8.2 [18)
1980 1980 305 Bl.6 (249) 10,2 {31) 8.2 {25)
1981 214 68.5 (146} 21.5 (46) 10,3 (22)

1981b - - - -

41978 release crulse—west coast of Vancouver Island and southern part of
Tueen Charlotte Sound.

BNo release in 198l off the west coast of Vancouver Island.

Table 9c. Recoveries of sablefish at various distances from releace areas in
Queen Charlotte Sound for each year after release.

Total % (no.) recoveries from release area
Tagging  Recovery numbars
year year recovered <50 lm (no.) 50-200 km {(no.) >200 km {no.)
1980 1980 122 87.7 (107) 7.4 (D 4.9 (6)
1981 233 84.1 (196) 10.7  (23) 5.2 (12)
1982 111 2.9 (92) 12.6 (14) 4.5 (5}

Table 9d. Recoveries of sablefish at variouns distauces from release areas
in the inghore waters—inlets for each year after release.

Total % (no.) recoveries from release area
Tagging  Recovery mumbers
year year recovered <50 km (no.) 50-200 km (no.,) 2200 km (no.)
1980 1980 472 98.5 (465} 1.1 {5} 0.4 (2}
1981 272 68.0 (185) 8.1 (22) 23.9 (65)
1982 227 68.3 (155} 8.8 (20) 22.9 (52)
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Recovery percentages within 50 km of the release area off Vancouver
Island, did net show the continuous decline found off the Queen Charlotte
Islands. O0OFff Vancouver Island, movement beyond 200 lkm appeared anomalous
in 2 years. In 1981 the catches off Vancouver Island were approximately
50% lower than in the previous year (Table 3) and Increased recoveries
beyond 200 km are related to the change in the fishery, net to a change
in the pattern of movement. In 1979 there alse was an apparent rapid
increase Iin movement out of the release area but there was a four—fold
increase In catch to the south of the Canadlan zone and a doubling to the
north (Table 5). Of the 57 filsh recovered in 1979 beyond 200 km of their
release area off Vancouver Island (Table 9b), approximately ome-half
(data not itncluded in tablea) were from waters off the United States.
There was definitely a relationship between the increased catch in the
Unired States zones and apparent movement out of the release area but
there also was an Increased movement beyond 200 km within the Canadian
zZone.

Off the Queen Charlotte Islands there was a very definite movement cut of
the release atrea. 1In all releases (Table 9a) there was z continuous
annual decline in recovery percentages clese to the release area
indicating continued emigration. Movement beyond 200 lm increased
sharply in 1979 and has remained more or less constant since that time.
The increased recoveries in 1979 were predominantly in waters off Alaska
and between 1978 and 1979 there was a doubling of the catch in the waters
immediately north of Canada. However, there were ten recoveries made in
this area in 1978 and again in 1979 {data not included in tables), thus
the increased catch does not axplain the Increased movement in 1979 to
waters north of the Canadian zone. The increased wovement gut of
Canadian waters in 1979 and the apparent reduction of subsequent movement
may be real or it may relate in part to changes in reporting of
recaptures. It 13 apparent that releases off Vancouver Island and off
the Queen Charlotte Talands behaved differently and it 1s posaible that
the movements in 1979 wete more than artifacts of changing fishing
patterns. TIr is known that the strong 1977 year class started wmoviog
offshore in 1979 but it is unknown whether this “invasion” had an effect
on the behaviour of resident adults.

Fish tagged aud released in Queen Charlotte Sound (Fig. 3) were recovered
in most areas where Tecoveries were reported and behaved like Vancouvetr
Island releases.

Adults that were tagged in the inside waters moved at a greater rate than
those released from the offshore areas. This probably is a consequence
of the recovery effort belng almost entirely offshore.

Because the number of recoveries may be highest tn the period immediately
after release, a comparison using all recoveries will blas the
signlficance of longer term recoveries. If the mumber of figh recovered
at distances greater than 200 km are compared with total recoverles In
the third, fourth, and fifth year of liberty, for releases in 1977 and
1978 off the west ceast of the Queen Charlotte Islands (Table 11} there
is an almoet constant percentage (20-27%) of filsh recovered at distances
greater than 200 km each year, possibly indicaring that movement heyond
200 km occurred soon after release. The percentage of these filsh found
in the United States zone is lower and more variable and does decrease.
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For releases in 1977 and 1978 off the west coast of Vancouver Island
{Table 11) the percent recoveries of EFish that moved more than 200 km
varies from 6 to 24% with approximately one third of the recoveries made
in the U.S8. zone. If only recoverieg in the third, fourth, and fifth
years are considered, the percentage of fish recovered annually off the
United States (Table 11) iz higher than the 5.5% when all recoveries are
considered.

Directional movement was studled by cowmparing the oumber of fish that
moved north and south across boundarieg of Canadian statistical areas.
In Canada, a major statisctical area ranges from approximately 100 to 200
ko in latitude. Since longer term wmovenents were being examined, only
the movements of adult fish that were tagged In 1977 and 1978 were
examined. Juveniles tagged in 1979 were examined since large numbers of
Juvenile gablefish were not tagged until 197%. The number of recoveries
with exact recovery locations was small.

In the Charlotte area, 6% of recovered fish moved asrth and 3% south
{Table 12, 13). In the Vancouver area also, fish moved more to the nerth
than to the south (Table 14, 15). As mentioned earlier, juveniles also
tended to move north rather thae south {(Table 16). It appears that the
tendency for more fish to move north rather than socuth is real, however,
only a small number of fish migrate further than 200 km and about
two-thirds of these move north while one~third move south. The total
number of adults that moved more than 200 km north represents only 6.7%
of all recoveries.

In contrast to the direction of movements of fish that migrated more than
200 km, fish that moved less than 200 km and crossed a minor area
boundary, exhibited a atrong tendency to move southward in one case and
northward in the other. Of the fish tagged {n 1977 and 1978 off the west
coast of the Queen Charlotte Lalands, 232 fish moved south and 10 north.
0f fish tagged in 1977 and 1978 off Vancouver Island, 105 moved north and
38 moved gouth. The apparent migration scuth from the Queen Charlotte
Islands and north from Vancouver Island may result in part from
increasing catches in Queen Charlotte Sound. In 1977 only 17 t were
landed from Queen Charlotte Sound compared to 1,360 t in 1981.

Recoveries of sablefish by wonth (Table 17; Beamish et zl., 1983) show no
trends that can't ba explained by changus in fishing effort and
commerclal regulatfions. We have been unable to detect trends in movement
of fish gpecifically related to sex or slze (Table 12, 13, 14, 15, 1l86).

Fighermen report that there are migratory and non-migratory sablefish.
They ldentify sablefish with a "silver™ helly as a woigratory fish because
they note that while bottom trawling these forms will appear on the
fishing grounds only at certaln times of the year. We attempted to
confirm this claim but were unable to make a clear digtinction between a
go-cdalled silver belly and a non-silver belly. Nevertheless It is
possible that the mipratory habit is restricted to a particular component
of the population.

Numbers of fish woving between watetvs off Alaska and British Columbia

The number of tagged adult sablefish moving Llnte waters north of the
Canadian zene 13 4.7% of the number recaptured 1in the Canadian
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Tuble 17. Fxamples of monthly recoveries of sablefish at various distances from
releage aress for each tagglog crulse, 1977-1981.

I atance
from
releage
ares Jan Feb Mar Apr May Jun Jul A Sept Ot Nov  Dec
1977
Queen Charlotte Islands — July 1977 release
<0 - - - - - - - 685 35 16 G -
50-200 km - - - - - - - 2 3 7 0 -
2200 lm - - - - - - - 0 2 1 1 -
Total - - - - - - - 87 40 24 1 -
1978
Quean Charlotte Island ~ July 1977 releage
<50 km - - 0 5 83 1% 0 9 &0 66 66 4
50-200 km - - 1 a0 47 14 2 14 7 6 22 0
2200 hm - - 0 7 & 4 0 3 2 2 0 1
Total - - 1 12 13 123 2 114 69 74 a8 3
1979
Queen Charlotte Islands — July 1977 release
<30 km 22 8 15 17 T2 9 0 1 5 1 0
50-200 km 1 2 2 4 3 7 7 7 8 4 10 2
2200 km 2 a 2 3 5 L4 8 6 7 6 1 0
Total 22 10 19 24 15 46 24 13 18 15 12 2
1980
Queen (harlotte Islands = July 1977 release
S0 ko g 5 i Lo 3 12 8 1 8 6 0 -
50-200 km 1 4 G 4 3 3 3 15 3 1 0 -
>200 km 1 0 0 4 11 3 0 5 4 3 1 -
Total 2 9 1 13 17 21 11 n 15 10 1 -
1981
Queen Charlotte Islands — July 1977 release
G50 b - 0 1 5 5 S 7 3 3 2 3 -
50-200 km - 4 1N 4 0 1 2 2 1 0 Q -
2200 im - 0 4 5 4 3 0 2 5 ¢ 0 -
Total - 4 16 14 g g g 7 g 2 3 -
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zone {(Table 18). Recaptures up to December 31, 1982 have been

consldered, however, the annual percentages have fluctuated little since
1979. If recapture percentages are considered by releasa year (Table 19),
there has been a rather constant percentage of recoveries in each area from
each of the releases.

Table 19. Percent of tagged adult sablefish recaptured in waters off
Canada and off Alagka (In parenthesis).

Year of Year of releage

recovery 1977 1978 1979 1980 1981
1977 97.1¢( 2.9) o - -- —
1978 97.2( 2.2) L00.0(0) - - -
1979 78.0(17.0) 90.1(6.8) 94.2{2.8) — —
1980 87.1{ 9.0) 88.2(6.9) 87.8¢3.5) 86.4(3.9) —_
1881 84.5( 5.4) 90.6(7.8) 82.3(4.6) 92.8(3.3) 90.0{10.0)
1982 80.9( 4.4) 92.3(7.1) 93.6(2.4) 90.9(3.8) 90.5¢ 8.0)

By December 31, 1982 there were 359 fish recaptured off Alaska. If 70% of the
recaptures were not reported {Bracken, 1982) then £10 fish or 7.8% of all
recaptures were made off Alaska.

The exploitation rate for sablefish has been estimated as 0.1 for the Canadian
zone (McFarlane, unpublished) and abeut 0.1 for the United States zone off
Alaska (Balsiger, unpublished). In both cases It was clear that the estimated
exploitation rate was only approximate, however, 1t does indicate that the
ratio of removals to total blomass from the two areas Is similar and that once
non-teporting is considered, the recovery percentages In the two zones are
directly comparable.

Using the results of the tagging study, it was estimated that the adult
blomass 1n the Canadian zoue was approximately 38,000 t (McFarlane and
Beamish, b). Assuming this estimate was constaut from 1977 to 1982 and
agsuming an emigration percentage of 7.8% for this same period, then
approximately 2,855 t of sableflsh moved into the waters off Alaska over this
period {and a much amaller amount intc waters south of the Canadian zone}.
Since the recovery percentages have not steadily increased in the United
States zone to the north (Table 19), either the bulk of the tagged fish moved
there shortly after release or subsequently moved back into the Canadian
zone. As mentloned there may alsc be unknown problems with the reporting of
the recaptures. Since this study showed that most sablefish do not underge
extenaive monthly or annual movemwerts, it is probable that there is not an
annual movement of 7.8% of the blomass between the Canadian and United States
zones. Fortunately, to compare the amount of movement between the United
States zone to the nocth, and Canada, it 1s not necessary to resclve how
movement occurved 1f the pattern was similar.

Over the peried 1978 to 1982, 19,304 gsablefish were tagged in waters north of
the Canadian zone {Bracken, & Shaw, personal commmnication). A total of 301
were recovered in the Canadian zome and 745 In the United States zone. After
correcting the recoverfes In the United States zone for a 70¥ mon—reporting
rate and assuming full reportlng In the Canadian zone, the
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proportion takeoc in the Canadian zone was 19.2% of all recoveries. No
biomass estimate 1s available for sablefish in the United States zone,
but it has been estimated that the equilibrium yield in the Gulf of
Alaska for 1981 was between 11,00C and 12,000 t {Balsiger, 1982).
Assuming the Canadian quota of 3,500 t is an equilibrium yield for the
Canadian zone and that these estimates are proportlonal to blomass then
it can be assumed that there is approximately three times the biomass of
gablefish in the Gulf of Alaska as off Canada. TIf the 19.2% recovery
rate in the Canadlan zone of tagged sablefish from the United States zome
1s representative of movement into the Canadlan zone and biomags In the
Gulf of Alaska 1s three times the biomass of Canada then approximately
21,080 ¢t of adulta have moved, during 1978-82 lnto the Canadian zone or
about 7.4 times the number that have moved Into the Unlted States zone.

The 21,080 t estlmate probably Is high because the tagging studles
indicate that there has not been an extenslve amount of leng range
movement, if.e. fewer fish released off Vancouver Island were found in the
waters off Alaska than fiah released off Queen Charlotte Ialands (Fig.
1). HMost exchange has been between boundary areas (Fig. 3). Because the
United Stares tagging program released fiah juat north of the Canadian
zone, it would be expected that a relatively large number of recoveries
would be made In the Canadian zone without migrating more than 200 km.
Thus, it is probably more accurate to compare movement between the
Canadlan zone and the Southeaatern—-Yakutat INPFC areas. The equilibrium
yield in the combined INPFC areas of Southeastern and Yakutat,
immediately north of the Canadisn zone was about the same as that
estimated for the latter zone, suggesting that the blomass was similar Lo
that found off Canada. Assuming equal bilomasa, them 7,027 t or
approximately 2.5 times as many adults moved into the Canadlan zone as
into the United States zone.

At this time it has not been possible ta obtain detalled release and
recavery Information on the United States taggling program off Alaska.
Ideally only recoverles at a distance of more than 200 km that also
traverge the houndary betwean each country should be compared. When this
is5 done it is possible that there may be more equal exchange of fish. It
is clear, however, that there 1s an exchange and that it is probable more
adults wmove into Canadlan waters than move into waters off Alaska.

The very definite migration of juveniles into the waters off Alaska and
the apparent disproportionate number of adults that move Into the
Canadian zone from the Gulf of Alaska suggest a migratery pattern in
which juveniles leaving the Canadian zone eventually return to "home
ground™. An alternative possibllity {s that Juveniles underge extensive
disperaion northward and adults undergo shorter movements southward. In
the boundary area between the Gulf of Alagka and the Canadian zone these
relatively short movements result in & net mevement into the Canadian
zone. Since the majority of recaptures have been in the release area, a
movement of more than 200 km appears confined to a relatively small
segment of the population. Also if the rather conatant percentage of
fish recovered beyond 200 km is real, then fish may have moved out of the
release area over a short perlod with very little subsequent movement or
with a relatively small number of fish constantly moving in and out of
the release area.
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From the observed movement Into the United States zone including the
extenaive movements of a few sablefish, we infer that there is
interbreeding throughout the range and that sablefish off the west coast
of North America helong to one population. However, the difference in
migratory behaviour between releases off the Queen Charlette Islands and
Vancouver Island and the relatively large number of fish that remaiuned in
the immediate release area aftet 5 years indicate the populaticn 1s
composed of gub-populations or stacks.

Implications for management

The tagging study has shown that separate management problems cecur for
Jjuveniles and adults. The estimate of 20,000 t of juveniles from the
Canadian zone that would be recruited from the 1977 year—claes to the
fishery off Alaska is approximately 60 to 75X of the 1977 year-class that
was reared in Queen Chavlotte Sound and Hecate Strait. The 1979
year—class appears to be behaving similarly. T1f this pattern applies teo
all incoming year—-classes then Queen Charlotre Sound and Hecate Stralt
must be regarded as important nursery areas for sablefish recruited into
the United States fishery — Just how important depends on the
contribution of nursery areas off Alaska itself. The loss to the
Canadian fishery 1s Important and a fishery For juveniles in the Candian
zone would appear to affect subseguent recrultment to the fishery off
Alaska.

The study has alsc shown that a small but rather constant percentage of
adults moves into the waters off the United States. Most of this
movement 1s into the waters in the Gulf of Alaska. Movement into the
Canadian zone of possibly 2 to 3 times the amount that moved out, occurs
from the Gulf of Alaska. Whether or not this movement is sufficlent to
require joint management involving larger regulatory areas thao now
exist, involves a consideration of the economle conditions In the
Canadian sablefish fishery. If one area was overexploited (e.g., the
Queen Charlotte lslands area}, would natural reerultment, immigration and
emigration be sufficient to maintain the stability of the fishery In that
particular area? 1In other words, would sablefish behave In such a way
that the area would be restocked sufficiently quickly to malntaln the
industry? At present there are a number of veaaels that are entitled to
participate in the fishery but do nor, indicating that at current prices
it 1s not economical for many of these boats to fish. Thus, the
reduction of fishing privileges, even for a few years, probably will
result in severe economlc hardships for those currently fishing. The
amount of movement observed from this tagging study and the frregularity
of recrultment (McFarlane and Beamish, b} indicarte that depleted local
stocks would not be rebuilt quieckly. Vessels that depended on fishing
these atocks probably could not survive financially during the time
required to rebuild stocks. These considerations, the observatlions that
moat recoveries over the past 5 years have been close to the release
area, and the differences in movemenr parterns within the Canadlan zoue,
indicate that adult sablefish in the Canadian zone should be managed
separately and not as part of one large stock found off the west coast of
North America.
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Sablefish migration in the Gulf of Alaska
based on tag recoveries

Barry E. Bracken
Alaska Department of Fish and Game
Petersburg, Alaska, U.S.A.

Introductign

In 1978 the Department of Fish and Game received numerous reports of
juvenile sablefish in the Ketchikan areu of Southeastern Alaska. They
were so abundant in some areas that they became a nuisance in the troll
and gillnet fisheries for salmon. Since adult sablefish populations
were extremely depressed in Clarence Strait at the time., there was no
Togical explanation for the unusual abundance of juveniles.

Special funding was requested from the Governor's Bottomfish OFfice
and a limited grant was received to conduct studies during 1979,

Tagging Studies

The juvenile sablefish were schooled in shallow water and tagging
studies offered an excellant opportunity te determine recruitment

rate into deep water and to find out if the fish would contribute to the
offshore fishery as adults.

A 26-foot combination vessel was chartered in June 1979 to serve as a
working platform. Both pot and hook and 1ine gear were used to capture
the fish.

Fish were held in a live tank prior to tagging. A Dernison Mark 1I SS
tag gun and either FD-67 or FD-68 BC tags were used. During this first
cruise we tagged 1,859 fish; 713 from pots and 1,156 from hook and line.

Tagging was also conducted in shallow water in August of 1979 using
hook and line gear. An additional 722 fish were tagged.
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In the fall of 1979 young fish had entered deep water in Behm Canal
adjacent to the summer tagging area and tagging studies were again
conducted during late November and December using pet gear. Catches
were good and an additional 3,751 fish were tagged in ten days. Fish
were tagged in Behm Canal, again in June 1980 witn a total of 1,235
fish and in June 1981 with an additional 2,920 fish bringing the
project total to 10,507,

Besides tagging. every 25th fish was sampled. Fisn were examined for
paracites, disected to determine sex and maturity, and stomach contents
were recorded. Otoliths were taken for age determination and stored by
sex and length in 30% ethenol for future reading.

Results

As of March 1983 553 recoveries have baen made. Returns are distributed
throughout the North Pacific from Cape Flattery, Wasnington, to the
Aleutian Island and into the Bering Sea. Areas of concentration appear
in Dixon Entrance, off Queen Charlotte Islands, B.C.; and near Cape
Cross, Southeastern Alaska; where the fisneries are centered. The
average distance traveled prior to recovery is 171 km with a range of

0 to nearly 3700 km.

The direction of travel appears to be dependent on size of release with
smaller sablefish showing a greater tendency to move north and the
larger fish to move south, after leaving Dixon Entrance, with the trend
changing at 60 cm. A chi-square test indicates the probability of
independence is less than .005.

Sablefish are currently managed by discrete geographical areas so the
extent of movement and geographical intermixing was examined., Over

24% of all fish were recovered aver 100 NM from the release site with
over 50% of the 65 to 74 cm size groups showing extensive movement.

Cver 24% of the fish were recoverad at least one INPFC area away from
the release site with the large fish recovered in the Canadian fisheries
again showing the most movement.

ACF&G tagging results were compared to results from National Marine
Fisheries Service {NMFS) and Japan's Far Seas Fisheries Research Labor-
atory tagging experiments in the Gulf of Alaska through 1981. Both of
the other groups showed actually more movement than fish tagged by
BDF&G pricr to recovery. Japanese tagged fish traveled an average of
689 km and NMFS tagged fish traveled an average of 180 km per year prior
to recapture.

The same trend for direction of travel by size group was displayed by
the three groups with statistical analysis showing identical results.
Probability of direction of travel being independent of size at tagging
is less than 005 for all three experiments. {(Figure 1)

186



122

[ ] SOUTH
y 4 ; 722577 noRTH B
a 4 :; |
F 4 [] !
R 1A I
E 5@ - 7 ADFG DATA
a -
o . # N o= 14
£ 4 ] !
R ;: |
I s ] :
£ ) % [
s A 0 7l
e T [ 1
18-43 58-53  6R-69 lo-7g
10 CH LENGTH INTERVAL
189 —
] soutH
P g ; Vo] HORTH
o 8 V]
F 1 U
i1
R 1 V] NMFS DATA
c 56— N = 181
a -
¥
3
R 7 ]
I
£ # }
5 4 ! a
2 I T T i L
4B-48 54-50  63-8£4 7B-7%  Aa-go
1@ C LENGTH INTERVAL
23— e
X EAST
B e
# |
J ! JAPANESE
] (A DATA
N = g7

WMHOMTOaME Mo wx

/
Nz il A

i 1 |
10-49 53-59  53-68 -7 pp-aa

18 CH LEHGTH INTERYAL

Figure 1. [Direction of travel by size group of sablefish tagged in
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187



Botn otner tagging experiment results showed higher percentages of
recaptures over 100 mm than our experiments, with the smallest Tength
group showing the most movement in the NMFS experiments. Over 46% of
the Japanese tags were recovered at least one INPFC area away from
the area of tagging while only 20% of the NMFS tagged fish were re-
covered over one boundary away.

An attempt was made to determipe a pattern of movement based upon the
differential direction of travel by size group. The recoveries were
divided into those less than and those greater than 60 cm. The ADF&G
tag returns showed no real pattern with tne majority of tags recovered
within 100 km of the release site. Nearly 77% of the small fish and
61% aof the large fish were recovered within 100 km.

This trend was not true for the Japanese experiments. The Japanese

tags were released throughout the Guif and fish over 60 cm released in
the Eastern Gulf had a much greater probability of being recovered

within 100 km than did those released in the Western Guif (Bracken, 1982).
This trend was reversed for fish released at less than 60 cm, but the
results are not as conclusive. It does appear, however, that the
predicted area of recapture is related to size of tagging and area of
release. That could explainwhy a bimodal distribution of distance
traveled evident in the Japanese agata does not appear in the ADF&G
experiments that were conducted in one lgcation.

These comparisons are based on raw data and are not adjusted for under-
reporting ar harvest level.

Distance traveled over time was examined for the ADF&G returns. Again,
these were divided into two size groups. There appears to be no corre-
lation between time at large and distance traveled for recoveries over
100 km from the release site which suggests random travel even though
direction of movement by size indicated directed migration. We are
doing further analysis by dividing returns by cruise to hopefully
better understand thnis discrepency.

Distance traveled over time was used to determine an appropriate cut-
off time for returns in the study area to compare results with migrat-
ing fish. Very few fish recaptured within 200 days showed movement

and that cutoff was used to adjust the returns to attempt to determine
the distribution of fish tagged in Behm Canal into tne other manage-
ment areas of the North Pacific. Results were also adjusted for under-
reporting. Canadian scientists estimate that 90% of all tags recaptured
in their waters are returned. Return rates were calculated by manage-
ment area in the U.5. fishery by determining the percent of total
landings made by U.S. vessels who returned tags. 1In the U.S. fishery,
rates ranged from 16% in the Yakutat area to over B0% in the Southeastern
inside fishery. The estimated return rate for the U.S5. fishery may be
too nigh, since vessels returning any tags were assumed to have returned
all tags. This was probably not the case, since some vessels did not
return tags until late in the season and at least one vessel quit re-
turning tags due to his displeasure with a management decision.

Sasaki's calculation (Saskai, 1980) were used to estimate the return
rate in the Japanese fishery.

Returns were then adjusted by distribution of harvest which 1nd1gatgd
that only approximately 25% of the tagged fish had moved out of inside
waters,
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However, when the returns are adjusted for harvest and estimates of fish
distribution by area, only slightly over 40% of the tagged populatien
were expected to have remained in the area of tagging by the end of
1982 and the remainder were distributed according to Table 1.

Talie . Bistribution of recoveries from ADFARG sablefish tagging experiments in tne
Vetghikan area of Soutneasteen Alaska, 1978-1982.

Adjusted for return

[SPFC Ares aw Adjusted for Adjusted for narvest, and estima% L]

Ivovered Recovery Return Ratel/ Return and darvest ralative population
Ho. i Mg, i L 2 T D

VelLpuver 5 1.8 7 1.2 i 1.3

nerlotte 93  27.0 00 8.6 6.5 8.9

Yoio inside 168  30.5 197 J6.% 66.5 7.4

4 durside 2z f.6 36 6.f 3.8 5.0

‘akutat 22 6.6 110 20.% 8.3 17.4

boztak 13 3.9 45 8.4 4.4 11.3

Tnirikaf 2 0.6 7 1.3 0.9 2.0

Seamagin L 1.5 12 12 2.1 1.6

Aleatian 2 0.8 7 1.3 2.2 z.4

Sering Sea ER 10 1.9 0.8 z.0

Estiinated percent of receptured tags returned to the tagging agency.
s Averags af tne 10¥) and 1982 narvest by INPFC area.

Aoietive population was based an relative population aumbers (RPN} ca1cql_ateq by
Soneki (19877 For tae Guif of Alaska and Aleutian Region and by using fisheries
serfornance as ga indicator of relative abundance in the Canadian and Bering Seo
areas.

Biomass distribution by area was calculated by using relative population
number {RPN) {Sasaki, 1981} for the Gulf of Alaska and assuming that
narvest is directly related to biomass of the other areas where RPN
values were not available.

Discussion

Evidence of the movement of tagged fish cut of the area of tagging is
further supported by the results of the last tagging cruise which
ended March 17, 1983,

In November 1979, 3,972 fish were captured for an average of 38.6 fish
per pot and 8 tags were recovered (.2%). Small fish were still re-
cruiting to deep water in 1580, By June 1981 the average was 33 fish
per pot and 16 tags were recoverad out of 3,072 fish caught {.5%).
This March, catch was down to 9.5 fish/pot and only 3 tags were re-
covered from 2,866 fish caught (.1%).

During the 1981 and 1982 season the vessel used in tagging captured an
estimated 20,000 fish from Behm Canal in the commercial fishery and
returned 291 tags. That is a return rate of only 1.4%. Decline of
CPUE and tag return rate between June 1981 and March 1983 were 71% and
80% respectively. These results provide further evidence of extensive
movement of fish out of the area of tagging.
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There are still questions to be answered concerning sablefish recruit-
ment and migration. The results of this study indicate that there is
a net outward movement of young fish from coastal fjords to offshore
areas even after the fish enter deep water. Movement of fish between
management areas appears to be significant and should be considered
when management decisicons are made.

Tags will be returned from these experiments for several years. As
more data is accumulated a better understanding of fish distribution
and the resulting management implications should be gained. All
scientists working with tagging experiments should consider adjustment
by return rate, narvest, and distribution of biomass when analyzing
return data.
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Movement of tagged sablefish released at
abundance index sites off Southeastern
Alaska, Washington, Oregon, and California
during 1978-81

Thomas A. Dark
Northwest and Alaska Fisheries Center
Seattle, Washington, U.S.A.

IKTRODUCTION

The status of sablefish (Anoplopoma fimbria) stocks in the Gulf of Alaska
was determined largely on the basis of fishary data obtafned from foreign
fleets which fished intensively throughout the Gulf for a number of years
(Low et al. 1976}, In the past 4 years foreign effort has been reduced
in some areas and eliminated in others as a conservation measure and
because domestic fisheries were taking the optimum yield. This action
greatly reduced the availability of fishery statistics to be used as

a means of tracking population fluctuations. In 1978, the National
Marine Fisheries Service (NMFS) began a program to monitor trends in
stock size by establishing abundance index sites off southeastern Alaska
{Zenger and Hughes 1981)., In subsequent years, the work was expanded

and additional sites were selected in the Washington-California region

to supplement fishing data obtained from the domestic fleet {Parks and
Hughes 1981), <Catch per unit effort {CPUE) and biological data were
taken reutinely, and any surplus sablefish in good condition were

tagged and released. Abundance indexing continued in 1982, but

complete recovery data only through 1981 are available.

Tagging was conducted as part of a continuing program to determine
migrational behavior and to identify stocks which could be managed as
units. The purpose of this report is to present preliminary results of
the NMFS tagging program as an addition to a growing bedy of informaticn
on sablefish migration which will enhance the devalopment of future
management strategies. Specific objectives of this report are to
analvze the direction and extent of sablefish migration and to examine
the variables: fish length, area of release, and days at liberty.

A more detailed analysis will be initiated in the near future.
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Methods

Sampling sites were established of f Alaska at Capes Cross, Addington,
and Cmmaney in 1978, Cape Muzon in 1979, and in Chatham Straits in
1981, In 1979, sampling was begun off Washington near Cape Johnson and
Grays Harbor and off Oreqon near Capes Lookout and Arago. Sites off
California over Bodega Canyon near San Francisco and Patton Escarpment
off San Diego were added in 1980, Figure 1 presents the locations of
all abundance indexing and tag release sites. Traps were fished 10 to
a string at 150, 225, 300, 375, and 450 fathoms at all locations except
those off California where sampling accurred at 225, 300, 375, 450, and
550 and 700 fathoms {1 yr only}. The gear was set five times at each
depth each year, resulting in 250 trap 1ifts per site. Traps were
fished for standard 24 hr periods through the use of corredible
timed-release devices which triggered a noocse arrangement and closed
trap tunnels at the end of the period. As catches were brought aboard,
first priority was given to the collection of catch and biological

data, so tagging was conducted only as excess specimens became available.
Sablefish to be tagged were quickiy removed from traps and placed 1in
holding tanks with fresh circulating seawater.

Tagging occurred as soon as time permitted but rarely longer than 1/2
to 1 hour after placement in the holding tanks. Fish judged to be in
fair to good condition were measured, tagged, and released. Anchor
tags were applied with a Dennison gun just behind and under the in-
sertion of the first dorsal fin on the right side. Tags were inscribed
with the agency name, address, and tag number.

Recovery efforts were initiated with progran publicity through inter-
national scientific bodfes, fishery commissions, domestic fishery
agencies, fishermen's associations, fish processors, and trade media.

A reward of $2 was offered for each tag returned, and all who returned
tags were sent a letter of appreciation containing general program infor-
mation and specific release data.

Results

Although tagged sablefish were released at 11 discrete sites, the data
have been summarized by state regions. This was done because regiona
differences were of primary interest and summarization increased the
size of basic data sets while simplifying presentation of results.

Loss of resolution through summarization is not considered important in
the depiction of gemeral migratory behavior, but site by site details
will be included in future studies ained at defining micromovements
(i.e., transboundary exchanges), relationships of offshore and inshore
populations, migrational responses to environmental factors, etc,

The total number of tagged sablefish released in all areas and years
was 20,883 with the majority released in waters off Alaska and
Caiifornia., Those regions were of particular interest because there
was a need to obtain information regarding the discreteness of stocks
in the Guif of Alaska, the relation of offshore sablefish to those
inhabiting the inshore waters of southeastern Alaska, and the relation
of sablefish of southern Califaornia to those off Mexico and northern
Califarnia. Table 1 presents the numbers of tagged sablefish released
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Table 1.--Numbers of tagged sablefish released during 1978-81 and
mean lengths by depth of capture and state area.

Degth ranﬁa Lfathoms ) -
il - =19 - ) T-e9T Y0095 TTAL

ELASHA

Nunbers 241 2117 3083 10 ] 0 U 6242
Hean lgagth [cm) 99,5 5,9 £3.3 Bh.4 -- -- .-

WASHINGTON
Humbs re i.6 450 1033 Loy u 1} b 382
Wean length {ca] 5b.4 54.49 A 53-8

JHEGER

Nymzers i 135 Bl 28] 17 B ) 2405
Hean length {em} b0 BE.d n4.2 55.¢ 60.3 55.0

TRy TFOKNLA
Mumbe -5 Q 5241 18t ELL) #h2 a5 50 THES
Maan length (cm) .- 51.4 2.2 YR 5.8 a7.7 59.9

by depth of capture and area. It should be noted that generally, fish
Yess than 40 cm long were not captured and are not included in the
analysis. In all areas except Washington, the mean length tendad to
increase with depth of capture.

Through 198l, 552 (2.6%) tags were returned but only 350 were returned
with recapture location. Three of those returned were released without
Tength measurements so the analysis is based on a total of 347 tagged
fish. Recovery numbers (those with complete data) by release area and
year are presented in Table 2. The overall recovery rate of 2.6%
compares favorably with the 2.9% rate reported by Wespestad et al.
(1978), but is censiderably lTower than the 8.2% returned by Canadian
fighermen as reported by Beamish et al. (unpublished manuscript).

The Canadian tagging program apparently is the benefactor of a relativ-
ely small, well-defined fishery which is unusuaily supportive of the
study. Canadgian scientists may also have achieved a lower rate of
tagging mortality. Recovery rate varies among release areas with the
Alaska releases yielding the highest rate of return (Table 2}. Return
rates often reflect the distribution of recovery (fishing) effort

and differences in reporting patterns. The relatively high percentage
of returns from Alaska releases is undoubtedly the result of the pre-
sence of an extensive and intensive fishery, the foreign component of
which was monitored by a U.S. observer program. The recovery of sable-
fish released of f Alaska was also enhanced by the high return rate by
Canadian fishermen fishing in Canadian waters south of the release
sites. Relatively small domestic fisheries operating in the Washington-
California region produced the lowest rates of tag return, especial ly
of f California. The effects of variable recovery effert are discussed
briefly in the Summary.
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Table 2.--The number of tagged sablefish released by year and area
and the number of returns with complete data, by year
{recovery rates in parentheses).

" ~ Recoveries
vear  Relesses e 1973 1980 J4:1:3 TaTALS
Alaska
1974 o7 1 iz ] 4 41
1979 1824 -- 49 19 45 105
1940 1397 - -- 11 21 3z
1981 2318 -- -- -- 11 1.
G244 189 (3.0%)
Washingran
1979 1279 -- 1 20 & 29
1960 1458 - - 3 4 2
1981 1116 - - - o v
3653 56 {1.5%)
Oregon
1979 433 -- 3 1 3 10
L9&0 1647 -- -- 19 35 45
1941 _B31 - - -- 4 il
2006 55 {1.9%)
California
1980 Tars -- -- 1 36 47
1981 _800 - .- - 0 u
7875 47 {0.6%)
TOTALS 20,8683 a7

Distances traveled ranged from 0 to 1725 nautical miles {nmi) measured

as straight line distances between release and recovery locations and
are, therefore, considered minimal estimates of migration., The gquestion
which arises immediately is whether there is a relation between migration
distances and the period between release and recapture. The miles trav-
eled were regressed on the number of days free by state regions and

for areas combined, Resulting correlation coefficients are 0,10 for

fish released off Alaska, 0.01 for those released off Washington, 0.04
for those of f Uregon, and 0.44 for those of f Californiz. The correla-
tion values were positive in all regions, but only in the California
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region was there even a suggestion of a relationship, aipel1T a weak
one, Figure Z presents the distribution of migrational distances by
days at liberty and by state region. Obvicusly, very short intervals
of freedom will prevent long migrations, but relatively long intervals
will not necessarily result in migration over long distances. This
comparison suggests that there is no persistent movement away from the
release site by a majority of the tagged fish. For the purposes of
this report, the variable, days at liberty, was considered to have

no effect on distances traveled.
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Figure 2,--Distances traveled by tagyed sablefish plotted against the
number of days they were free by state area of release.
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The majority, 59% overall, of the sablefish returns were recovered with-
in 50 nmi of the release site {Table 3). Efghty percent were recovered
within 200 nmi of the point of release, but 12% were recovered at
distances greater than 200 nmi from the release area. It appears that
the most active migrants were released of f southeast Alaska and off
Califarnia where 22% and 35%, respectively, migrated 250 nmi or more.
Sablefish tagged and released in the Washington and Oregon regions
demenstrated very little movement as 88% and 85%, respectively, were
recovered within 100 nmi of the release site and onlv 6% and 2% mi-
grated 250 nmi or mere. Beamish et al. (unpublished manuscript) reported
that releases in British Columbian waters alsc demonstrated little move-
ment as about 89% were recaptured within 200 xm of the release area.

Table 3.-=Minimum distances traveled (50 nautical mile increments)
by tagged sablefish by states area.

Nautical miles )
0-50 B1-100 101-150 151-240 291-250 Zh1-300 30+

res No. (%) No, (%) Mo. (%] M. %) o, (%} No. (%) Wo. (%}
Alaska 99 (53) 2L {11} 11 {&) 7 i4) B (4) 15 (8} 28 (14)
Washington 42 {74} 7 {13 2 (4) 0 i) 14{2) 0 {0} 4 (6)
Bregon 45 (33) 1{2) 6 [11} L i2) D {0) 7 {u) 1 (2}
california 18 {38) 4(9) 4 {9) 4.9} o {0} r {15} 10 (20)

Figures 3 and 4 present the geographical distributions of tag returns
by state and region of release.

Travel distances and rates by size at tagging have ben examined by

other investigators. Wespestad et al. (1978) found, while studying
tagging results from Alaska to California, that analysis of variance

of distance traveled by three size-at-tagging groups and time free
showed no significant differences. On the other hand, Bracken {1982},
examining sablefish tagged in waters of f Alaska, reported a tendency for
a larger proportion of fish Tonger than €0 cm in length to travel
distances in excess of 500 nmi than those of smaller sizes,
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figure 3.--Distribution of tag recoveries (1978-81) by state area of
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For the present study, lengths-at-tagging were grouped by 10 cm intervals
for comparison of distance traveled by size. Mean distances traveled
by length group for each state area of release are presented in Table

4 and Figure 5. OFf Alaska, the smallest length group {(45-64 cm} on
the average showed the greatest tendercy to migrate long distances.
This tendency weakened with increasing fish length. Fish tagged of f
Washington behaved similarly in that the greatest average miles
traveled was by the smallest length group. Fish released off Oregon
showed little movement at all and there is no obvious relationship
between size and distance traveled. Results from Oregon releases are
somewhat incansistent with those in more northern areas in that the
largest group released tended to migrate the farthest. Data from

the California region also demonstrated no obvious body lengih-distance
traveled tendency. When all data were combined, there was a slight
tendancy on the average for the distance traveled to decrease as the
fish length at release increase, but there is no strong evidence that

a refationship between migration distance and size exists. It is
pbvious from the wide range of migration distances associated with

most size groups in all regions that a great deal of variability

oceurs within sizes.

Table 4,--Mean minimal distances traveled by 10 cm length groups
and area of release.

s L Tagn fuge mias Range uf Grea 1 ase Ta,s fwq, ailan lange ot
Yemgbe fiod reburned traye ¢l ey eugqth (=] retoraed travaled e
Cobraweled traveled

Rlawea AB-Ld 13 L 2} ML 1-1/28

53-b4 1] 1.1 K b L-Z4n
bhe s 41 144 5 R 2-131
thoit] i iR B 1n
Wit 3 ] i
TUTA_S 143
Srua average
vles braveled 175 a4
Jregon Ah-nd 3l AL ¢y Calvfurniy 4ozt 24 144 Je421
B5-61 14 73 210% br-td it 28 1-&1F
£5-11 H 1 -1k ba-rd 4 145 L-42%
7581 i L35 124-143 a7
TUTALE g
Ared averdge
ey brawe’wd ki T
Erea Tau ki mioes T Hange af
rEELFRED travelud niles
- . . _traveled
Areas iy-5d4 5i 130 =110
ruomhined Sornd 12 44 L-tdd
Ga-r1 1L: 1B C=b3%
Faekd o3 L bty
ga-di H G 8-12
1ulal 3T
Areas comb:ned
averade Tilas
{traeeipd .. el LT

200



ALASKA WASHINGTON

- 1725
BOO - ]— 500
500 - ( s00 |-
$ 400 400 -
E
§ 3oep 300
E
2 200F 200
L ]
100} 100 I
o [ [ ] )
B0 &0 70 B0 90 v 50 ~ &0 70 B0 40
OREGON a37
800 600 - CALIFGRNIA
500 S00f-
B 400 a00
£
B8 z00p 300
3
Z 200 200 |- [ ]
9
100 l 100
o] ._ 1 1 i 1
80 80 7 B0 80 50 60 70 80 90
Length {em}
1725 837 T
800 COMBINED
500
£ 4
£ mE
®
£ 300
2
=
200
100 |-
0 A _ L ]
50 60 70 80 90
Length [cm)

Figure 5.-~The averages and ranges of dfistances travled by 10 ¢m length-
at-tagyging intervals and state area of release.

201



Direction of movement by size and area has also been a matter of
interest to other investigators. Wespestad et al. {1978} found that
sablefish of f southeastern Alaska migrated mainly in a southerly
direction, while fish tagged in areas south of Alaska tended to move
northward, Bracken (1982) argues that his analysis supports a general
westward migration in the Gulf of Alaska by small (<60 cm) sablefish
and an eastward migration by large (>60 cm) sablefish.

Direction of migration was analyzed in this study by combining the
recoveries from all years and plotting directional movement by body
length at release and by area (Figure 6}. Migrations of 25 nmi or less
were considered insignificant {i.e., "no movement"). Results for the
Alaska regien (International Morth Pacific Fisheries Commission {INPFC)
Southeastern Area) suggest that when the smaller (<65 cm) sablefish
migrate, greater proportions migrate in a northerly direction while
those larger (>64 cm) fish which migrate tend to move to the south.

The proportion which did mot migrate increased with size, Although
tagged sablefish released in the Washington region migrated to a lesser
extent, the fish in the 50 and 60 cm size groups demonstrated slightly
more movement to the north than to the sputh. Again, there was an
increasing tendency for “no movement" as size increased. In the Oregon
regicn, there was 1ittle movement by any size group, and when migration
occurred, there was no clear directional preference, Sablefish released
in the Califarnia region demonstrated more movement, with a greater
proportign of fish of all size groups migrating northward, This may be
an artifact, however, because most releases were made near the U.5.-
Mexico border and 1ittle or no recovery effort occurred south of the
border or, recently, in the southern California region. Combined data
from all sites and years {Figure 5) show that the highest proportion of
migrating sablefish less than 65 cm migrated in 3 northerly direction,
while those greater than 64 c¢m in length tended te migrate southward.

Summary and Discussion

During 1978-81, 20,883 sablefish were tagged and released by the NMFS

at abundance indexing sites off Alaska, Washington, Oregon, and
California. Through 1981, 552 tags or 2.6% of all these released were
returned. Minimum distances traveled ranged from 0 to 1,725 nmi. Cor-
relation analysis indicated no significant relation between the distance
traveled and the length of time tagged fish were free. Therefore,
little or no variation in the distance traveled can be explained by
differences in the time at liberty. These results are censistent with
these of Wespestad et al. (1978) who observed, "There was no particular
trend of increase in miles with increasing time at liberty ..."

Overall, 59% of the tagged sablefish returned were recovered within 50
nmi of the release site, but 12% were recovered over 300 nmi from the
point of release. Sablefish released in waters of f Alaska and Califernia
seemed to be the most active migrants and migrated the greatest average
distances, while relatively weak migrations occurred among sablefish
released in the Washingten-Oregon region, This pattern seems to be cor-
robarated by results of previous studies. Wespestad et al. (1983)

also reported that most movement occurred in areas of the Gulf of Alaska
and California and almost mone in the INPFC Columbia area (much of the
area off Washington and Oregon). They did report a lack of movement
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from the southeastern Alaska area, but this was probably due in part
to the intensive foreign fishery in that region during the recavery
period. Bracken (1982) and Sasaki (1980} found considerable movement
of tagged sablefish throughout the Gulf of Alaska.

There was a s1ight tendency for the smaller sablefish released in Alaska
and Washington regions to migrate greater distances than fish in the
larger length categories, but in the other regions there was no
suggestion of such a relationship. Bracken (1982) also noted that

large sablefish {>60 cm) released in waters of f southeastern Alaska had
a considerably higher probability of being captured within the area of
release than did smaller fish released in the same area. On the other
hand, Wespestad et al. (1978) reported ne statistically significant
differences among size-at-tagging groups relative to distances traveled.
Clearly, tagging data have provided varying results and have revealed
only weak trends which leave uncertainty about size-related migration
distances.

There does appear to be a tendency for tagged sablefish in the smaller
size groups (40-65 cm) released off Alaska and Washington to migrate
northward in greater proportions than do fish in larger size groups
(>65 e¢m}. This pattern was weak in tne region off Washington and
nonexistent of f Oregon. The results from California releases should be
considered with caution, because the greatest proportion of sablefish
tagged and released was at the scuthern California abundance index site
and almost all the recovery effort accurred north of that area.

Another potential source of bias in the above camparison is that many
fish were free for long intervals and their size during the actual
migration period may have been quite different from the size at release.
In grder ta winimize the confounding affects of growth on the direction
of migration by size analysis, a similar comparison was made using only
data from tagged fish which were free 400 days or less. Very minor
changes in the proportions migrating north, south, or not at all
resulted in all area/size group categories (see Figure 6) which would
not affect conclusions drawn using all the data. This might suggest
that most movement accurred relatively soon after release before tagged
fish had sufficient time to grow into size categories larger than that
at release,

The results for the southeast Alaska region compare favorably with
those of Bracken (1582) who observed a larger proportion of smail tagged
fish migrating westward {northward in this report) than large fish (>60
cim). Beamish et al. (unpublished manuscript) also reported northward
movenment, While anly about 7% of the juveniie sablefish recovered

were recovared in U.S. waters, about 97% of those were recovered in
waters of f Alaska.

I would caution, however, that all migration direction and distance by
size data should be reevaluated in 1ight of what is known of the geograph-
jcal distribution of capture gear and the effects of associated size
selectivity. It is well known, for instance, that trawls and shallow
water fisheries will usually be selective for the smaller sizes of a
population, while deep water longline and trap fisharies will select

for larger population components. Birectional movements by size data
could have been seriouslv biased by such effects of gear selection.
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Predominant movements by direction and fish size for releases in several
areas are presented herein for comparison with the results of previous
studies but with the full acknowledgment that these observations may be
confounded by the aforementicned factors.

A basic underlying difficulty in interpreting the results of tagging
studies is determining how well recoveries portray real migrational
behavior and to what extent results are artifacts of distribution and
intensity of recovery {(fishing) effort, variable vulnerability to
recovery effort, size selectivity of different regional fishing gear
types, and differences in reporting rates among industry components.
These variables are very difficult to adequately evaluate, as indicated
by the rare occasions on which investigaters have attempted to quantify
all of them. The present study is no exception, but the relative distri-
bution of recovery effort has been briefly censidared. Expioitation
rates by reiatively small geographical units would be most useful for
evaluating and quantifying sabiefish movement. In the absence of
estimates of exploitation rates or even adequate effort data, the
relative magnitude of sablefish catches for 1978-80 was compiled and
presented in Figure 7 by INPFC areas, assuming catches are a reflection
of the effort expended. Califarnia catches are not included because
they were incomplete. Catches occurred in all areas in all years 3o
there always existed opportunities for recapture of tagged fish, The
magnitude of these opportunities probably varied among areas and years.
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For instance, the catch in the INPFC Southeastern Area in 1978 was very
small because the foreign fishery had been excluded and the domestic
fishery in the region was in its infancy. This could imply that the
recovery rate in the region in 1978 was considerably lower than in 1979
when there was an 1l-fold increase in the catch. It was also probably
Jower than recovery rates in the Kodiak and Yakutat areas in 1978 where
catches were at least 20 times greater than the catch in the INPFC
Southeastern Area. In 1979 the catch of f Washington and Oregon in the
INPFC Columbia Area was at least three times greater than it was in any
cther region due to a very favorable foreign market supplied by the
U.5. domestic Fishery, Similarly in 1980 about 60% of the total
sablefish catch was taken in three INPFC areas of f Canada, Washington,
and Oregon with the remainder of the catch distributed almast unifarmly
among five INPFC areas of f Alaska. While the effects of such dispro-
partionate distribution of catches on tag recoveries cannot be assessed
with any certainty, one has to be concerned about the potential for
variabie recovery rates and how that would affect analyses of tag
returns. Tag returns can be weighted by area catches under the
assumpticn that area population sizes are similar and differences in
catches reflect differences in fishing effort; an assumption which is
usually difficult to validate.

Tagging studies have provided useful information on the extent of
sablefish movement in terms of minimal migration distances and direc-
tions, The presence of unmeasured variables affecting the number of
returns by time and area requires careful evaluation of specifics, such
as directional migration by size, and the relative importance of dif-
ferent areas to migrating population components. While we have begun
to detect some general patterns, until more information is available,
perhaps from specially designed tagging studies and additional life
history investigations, we can only specuiate about the exacl nature of
sablefish migrations, their periodicity, associated variability, and
how they relate to the species’ life cycle,
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Migration of sablefish in the Asian continental
shelf area of the Bering Sea

V.N. Tuponogov

L.S. Kodolov

Pacific Research Institute of
Fisheries and Oceanography (TINRO)
Vladivostok, U.S.S.R.

Abstract

Until recently it was believed that sablefish migrate only over small
distances and that from within an area some local populations mix but
little interaction occurs between separate populations.

Results of tagging studies riade in the 1970s revealed the availability
of long-distant (up to some thousand miles) migrations {Sasaki, Low and
Thornson, 1975). Spawning of sablefish occurs mainly off the Pacific
coast of North America and in the Gulf of Alaska {Kodolov, 1976).
Seasonal migraticns in the reproductive eastern part of the area have
short range. Over the Asian slope of the Bering Sea the seasonal
pattern is more obvious and the range of such migrations increases
sharply.

Thus in the winters of 1962-64, a perind of high abundance, sablefish
composed significant masses in the southeastern Bering Sea where fish
and invertebrates seblefish feed on were concentrated, The masses of
sablefish dispersed in the spring and migrated to the northwest along
the continental slope. From July to September sabjefish concentrated
in the area of capes Olyutarshy and Navarin; they were Tess abundant off
the eastern Kamchatka Peninsula and only singular specimens were obser-
ved off the Kuril Islands and in the Okhotsk Sea.

Sablefish concentrations reaching the Asian continenta? slope do not
particularly differ from those of the other areas of the sea by size-
age siructure. However, the domination of males ana the nearly complete
absence of ferales with maturating gonads has been observed.

While in 196z-64 total biomass of the summer concentrations of sablefich
over the western Bering Sea continental slope was at a high level, in
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1974-81 the fish were practically absent in catches due to overfishing.
Measures for conservation of sablefish stocks were adopted in due time
and enhanced their restoration. The first, but still small, assemblages
of sablefish accurred here in 1982.

It has Tong been supposed that sablefish do not migrate for long distan-
ces, therefore there are some local populations on the Asian continental
siope.

According to tagging data (Sasaki, et al. 1975) sablefish form one
superpopulation and part of the stock is Tikely to migrate up to 1,000
miles from their original habitat. The reproductive part of the sable-
fish stock is located in the Gulf of Alaska and off the Pacific coast of
North America where the sablefish begin their migration to the Bering
Sea (Kodolov 1976). These migrations, most probably, have nc charac-
teristics of the mass; as a rule, fish over three years of age with
their gonads at the resting stage participate in these migrations.
According to Kodolov (1870, 1976) sablefish seem to spawn in the Bering
Sea as some spawning females were caught by Fyodorov in November 1562.
But this spawning area cannot provide for the entire reproduction of the
Bering Sea sablefish population,

In winter sablefish concentrate over the continental slope in the
Southeastern Bering Sea in the mixing zone of the transverse flow
carrying the ocean waters. In this period a number of fish and inverte-
brates concentrate in the upper continental slape, specifically walleye
pollock, the favorite prey of sablefish. During the peak of abundance,
the density of the pollock assemblages reached 270-300 tons per sq.
mile. In the region to the north from 538°N the pollock as a rule,
formed no dense assemhlages in this period though the catches were
0.5-1.0 ton per hour haul in some areas. In spring following the
migration of walleye pollock and other shelf fishes from their hiberna-
tion area to the shelf area, the sablefish concentrations were less
stable and dispersed. According to the true surveys in 1962-1964 in
spring the sablefish begin to migrate to the northwest and in June-duly
the fish reach the Asian continemtal slope forming the maximum concen-
trations there in July-September (Figs. 1-3). The narrow shelf belt,
having a broad range of prey, makes its inhabitants easily available for
predation by sablefish,

Sablefish concentrations were rather denmse and occupied the large area
in the Olyutorka-Navarin region in summer 1962-1964, The tetal biomass
of this species there was about 60,000 tons. The sablefish assemblages
wera less in the area off the East Kamchatka peninsula and off the Kuril
Isiands; and in the Okhotsk Sea only a few fish of this species (Novikov
1968) were found. While seasonal migrations of sablefish along the
Fastern Bering Sea continental slope is evidently for feeding purposes
{Kodolov 1976?, the purpose of the further western migration has not
been determined. These migrations cover great distances, one individual
was recorded to come back from Paramushir Island to the Navarin cape.

Age-size structure of the sablefish concentrations in the North Bering
Sea does not greatly differ from that in the other habitat areas {Table
1}. The length of the individuals in the catches varying from 44 to H4
cm exceeded 75% of these catches. A decrease in percentage of fish up
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10 52 om in this area in comparison with the south a&nd east areas
Aleutian Islands) has been ubserved,

t is werth noting that females with maturing gonads were also absent in
.he centinental slope. Male sablefish prevail in numbers over females
n the Dlyutorka-Kavarin region in &1l seasons except spring. In spring
‘emales seem to migrate to the continental slope after spawning (Table

ge composition of sabjefish is rather stable in the Bering Sea (Fig.
. Three to 1} year old sablefish are found in catches over the Asian
ontinental slope, four to eight year fish prevail but ycunger fish, up
0 three years vld were not observed in this part of the sea.

ishiny statistics by areas in the Bering Sea are not complete. Accord-
ng to Sasaki, et al. (1975) from 1563 to 1973 the Japanese catches of
ablefish over the Asian continental slope were about 25% of the total
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catch in the Bering Sea. In the peak periods of fishing (1963-1964,
1967-1972) the Japanese catches of sablefish on the Asian continental
slope exceeded 2,500 tons, with 16-37% in the long 1ine fishery and
10-74% in the trawl fishery {Table 3). These catches could be attribut-
ed to the summer concentration of sablefish in the northern area when
the small-tornage, long line fishing boats are usually used.

Calculation of the biomass of sabiefish over the continental slope made
by the area methods showed that in summer at high abundance periods
their biomass was 42,000 to 65,000 tons (Table 3).

As a result of unrestricted fishing from 1967 to 18978, the catch per
unit effort in the trawl fishery decreased five to six times and over 30
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times in the long line fishery (Sasaki, et al. 1975). The sablefish
biomass has fallen too in the area of the Asian continental slope.
Therefore, in the late 70s few sablefish were found in the trawl catches.

Decrease of fishing pressure on the sablefish stock in the late 7Cs has
enhanced the restoration of sablefish abundance in the eastern Bering

Sea area {Ermakov 1982) and the likely increase of their migration to

the Bering Sea. During the Darvin cruise in 1982 some smail assemblages
of sablefish were again observed. According to the preiiminary calcu-
lations the totai biomass of sablefish were not less than 4,500 tons in
1982 {in the northwestern part of the Bering Sea).
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of sablefish in coastal waters of
Southeast Alaska, 1978-82

Harold H. Zenger, Jr.
Northwest and Alaska Fisheries Center
Seattle, Washington, U.S.A.

ABSTRACT

In May 1978, the NMFS Northwest and Alaska Fisheries Center implemented
a research program to monitor sablefish abundance and stock composition
in the coastal waters of southeast Alaska., Annual surveys werg per-
formed in 1978-82 at sites between Cross Sound and Dixen Entrance,

Four fishing sites on the coastal southeast Alaska fishing grounds near
Cape Cross, Cape Ommaney, Cape Addington, and Cape Muzon were surveyed,
At the first three sites, longlines holding 10 traps were fished near
depths of 150, 225, 300, 375, and 450 fathoms., Each set of gear was
hauled and set five times at each depth., At Cape Muzon depths were
restricted teo 205-231 fathoms, Fishing time was standardized with
timed release devices that caused the trap tunnels to close after
approximately 24 nours.

Annual differences in the numbers of sablefish captured at each site
and for the grouped $ites were tabulated as percentage change.
Sablefish abundance index catches increased 45% from 1978 to 1980 due
to the influx of premarketable-size fish from the 1977 year-class and

a 34% increase in the number of marketable-size fish, the bulk of

winich appeared in 1979. In 1981 survey catches of marketable sablefish
decreased 53% from 1980 Jevels. Survey catch levels of sablefish
declined again in 1982.

Introduction

Sablefish (Anoplopoma fimbria) is one of the most widely distributed
and highly valued groundfish species in the northeastern Pacific {cean,
In Morth American waters, they are captured from Baja California north-
ward through the Gulf of Alaska, along the Aleutian Islands, and in
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the Bering Sea. Prior to 1978, foreign fleets {primarily Japanese)
dominated the fishery in the eastern Gulf of Alaska.

During the 1960's and 1970's prior to enactment of the Magnuson Fishery
Conservation and Management Act (MFCMA) of 1976, U.S. scientists
monitored sablefish catch and effort records and, with evidence of
declining stock condition, negotiated for reduced foreign catch quotas.
Declines in the catch per unit effort (CPUEL) among Japanese longliners
from 1967 to 1977 {Low, 1977) necessitated a reduction of fishing ef-
fort exerted on the sablefish stocks. Annual sablefish catches of f
southeast Alaska and associated Japanese Tongline CPUE data which were
used to monitor changes in that area's sablefish resources during
1966-77, are summarized in Table 1.

Tabie 1,--Sunmary of sablefish catch data for southeast Alaska including total
1411 gear) catch, U5, (411 year] catches for 1967-82, and Japanese
Tongline catch and etfort data (1967-77) previously used by U.S.
scientists to monitor annwe! changes in sablefish abundance {Low,

19747,
Japanese Japanese

Total .5, Yangline lgngline Japanese

catch catch catch effort (10 CPUE (t/1u
Year (t) {t) 1y (1] nacni units) hachi units) 2/
1987 g62 NA 217 720 0.301
1968 7,224 KA 6,364 25,958 0.245
1969 7,064 211 6,169 26,835 0,230
1970 7,888 365 6,805 29,681 0.22%
1971 8,685 261 7,737 37,940 0,204
1972 11,012 749 9,311 44,644 0,208
1973 6,527 352 5,949 29,327 0,203
1474 1,an 174 6,574 33,653 J,195
1575 6,358 1,088 5,604 30,417 0.184
1976 6,648 798 5,489 28,717 0.191
1977 3,130 818 3,586 25,749 0.139
1978 1,738 1,703
1579 2,920 2,826
1980 2,186 2,130
1981 1.689 1,615
1942 2,001 Z,001

L1/ Data furnished by Alaska Department of Fish and Game, Petersburg,
2/ Hachi unit = standard unit of Japanese Tangline gear,

22z



In 1977 MFCMA took effect providing the means for U.5. management of
foreign fisheries conducted within the U.S. fishery conservation zone
{200-mile limit)}. Under MFCMA, qulf-wide sablefish catch quotas were
reduced to 8,000 metric tons (t) and area closures for foreign long-
liners were implemented during domestic fishing seasons for Pacific
halibut (Hippoglossus stenolepis). In 1978 regulations were applied to
exclude foreign iongiining for sablefish east of 140 degrees west
longitude. This measure was taken to permit stock recovery and to
allow expansion of the small but viable U,S. fishery that has operated
in sautheast Alaska since prior to World War II (Alton, 1981). Annual
domestic catch peaked in southeast Alaska in 1979 and has decreased
since then (Table 1).

Before the exclusion of foreign sablefish longlining, the primary data
source used to determine stock condition in southeast Alaska was catch
and effort analysis of Japanese longline catches. Following exclusion
of foreign longline effort, the National Marine Fisheries Service
(NMFS) Northwest and Alaske Fisheries Center implemented 2z research
program te monitor sablefish abundance and stock composition to provide
an alternate index of stock conditfon. Surveys have been conducted
annually since 1978 at sites located between Cross Sound and Dixon
Entrance (Figure 1). The fishery assessment technique employed in

this study is known as "zbundance indexing." Using standardized
fishing procedures and sablefish trap gear, changes in relative abun-
dance and size composition of sablefish are monitored at specific

sites during the same time period each year. Since traps are a passive
fishing gear and their sphere of influence while on bottom is presently
unknown, absolute fish abundance or biomass cannot be calculated from
trap catches. It is assumed that changes in the absolute number and
sizes of sablefish in the survey area are reflected proportionally by
changes in the annua! survey catches,

This report describes the methodology used and summarizes the results
of five sablefish abundaznce indexing surveys. Results are evaluated
and suggestions made to improve spatial coverage at the same level of
effort,

Survey Methods and Gear

Indexing sites were established in offshore waters near Capes Cross,
Ommaney, Addington, and Muzen {Figqure 1). The first three sites were
surveyed annually from 1978 to 1982, and the fourth site was surveyed
annually fraom 1979 to 1982. The standard survey time period was 25
May to 15 July, although in 1982 the survey was undertaken about 2
weeks earlier.

Metal-framed rectangular, collapsible traps described by Hipkins
(1974) were used. They measured 34" x 34" x 8' and were covered with
3-1/2" white nylon web and equipped with a single tunnel of 2-1/2%
green nyicn web. Each trap was baited with 2 1b of chopped Pacific
herring (Clupea harengus pallasi) held in perforated plastic jars.
Ten of these traps were fished an a groundline, as shown in Figure 2.

At the Cape Cross, Cape Ommaney, and Cape Addington sites sampling
gccurred near depths of 150, 225, 300, 375, and 450 fathoms. At each
depth a string of traps was set and hauled five times resulting in 250
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Figure 1. (left)
Locations of sablefish
abundance indexing sites
surveyed off southeast
Alaska, 1978-82.

Figure 2. (bottom)

A pictoral view of a
string of trap gear used
in the sablefish adun-
dance index studies
{from Hipkins, 1974}.
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trap lifts per site. At the Cape Muzon site sampling was limited to
205-231 fathoms because of the irregular bottom terrain at the other
depths (150 and 300-450 fathoms). Four strings of gear were set and
hauled four times for a total effort of 160 trap 1ifts at that inter-
val. At all sites the gear was set at approximately the same location
each year by means of Loran-C, radar, and depth sounder. ATl NMFS
surveys were conducted from the NOAA ship John N. Cobb.

Previous studies indicated that catch rates of sablefish traps de-
crease with increasing seak time (Hughes et al., 1970). Therefore
fishing time was standardized by use of corredible magensium-allay
time-release devices which were calibrated te close trap entrances

via a noose arrangement after approximately 24 hours (Zenger, 1983),
Thus, when gear could not be hauled on schedule due to weather or aper-
atfonal problems, effective trap fishing time was standardized.

The abundance index can be partiticned tu examine changes in the
marketable-size and prerecruit-size {premarketable-size) fish from year
to year. This allows us to assess the changes in the marketable por-
tion of stock, to anticipate the relative magnitude of prerecruit year
classes, and estimate a time for their entry into the fishery., The
southeast Alaska fishing industry regards marketable-size dressed
sablefish as those weighing 3 1b or more, coinciding with a fork length
of 57 cm or more. Fish measuring less than 57 cm are classified as
prerecruits which technically have not entered the fishery, although
they are captured and undoubtedly suffer “shaker maortality" when re-
turned to the sea. 3Small marketable sablefish weigh 3-5 1b dressed
weight and large marketable sablefish weigh more than 5 1b dressed

and are 67 c¢m or more in fork length. Length frequency figures reflect
annual changes in abundance fish length, because all captured sablefish
were measured.

Most commercial fishermen in southeast Alaska prefer longline gear to
harvest sablefish because of its versatility for varying seabed condi-
tions; but for research purposes, longline effort is difficult to
standardize, Bait Toss and the catch of species other than sablefish
must be considered in standardizing catch rates from longline gear.
The effective fishing time of traps can be more readily standardized
than that of longline gear, and traps are more selective in catching
sablefish.

Results
Trends in sablefish abundance at southeast Alaska index sites

Abundance index data are summarized in Table 2, MNumbers of fish cap-
tured at each site and the annual percentage changes in catches of
total sabiefish (all sizes), marketable-size, and prerecruit-size
sablefish are presented,

Since the three northern sites best represent the area fished by the
bulk of the domestic sablefish vessels, they are considered separately
from the Cape Muzan site. As stated previously, the Cape Muzon

site is unique in its depth distribution and sampling density. Its
distance from ports and the strong tidal currents that sweep Dixon
Entrance have not encouraged the development of an Alaska sablefish
fishery there,
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Yalid estimates of the percemtage change of relative sablefish abun-

dance cannot be made directly from data collected during the 1982 sur-

vey. Weather prohibited the completion of established effort levels

at some sites and bait used during some parts of the survey was of poor

quality causing reductions in catch rates. A bait comparison study
was performed and adjustments were made to the raw data to standard-
jze catches. The change in number of fish per trap saerved as alter-
nate index of abundance to total catch in numbers for comparison of
1952 catch data to those of previgus years,
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Cape Cross site--Survey catches of sablefish at Cape Cross remazined
relatively stable during the 1978-80 period, However, mean Tengths
decreased (Figure 3) and marketable-size fish represented a diminishing
part of the index catch. Through 1980, prerecruits increased as
catches of larger fish decreased, thereby maintaining cverall sablefish
survey catch levels. Tha largest decrease in relative abundance (33%)
occurred during the 1981 survey, Catches of marketable and prerecruit
sablefish decreased 40% and 21%, respectively (Table 2), Between 1978
and 1981, the relative abundance of marketable-size sablefish decreased
59% at the Cape Cross site.

Cape Ommaney site--Annual survey catches at Cape Ommaney have shown
considerable variability in numbars and size composition. In 1978,
the area yielded the lowest survey catch rate of the d-year period.
The overall 197% survey catch increased 80% from the previous year
due primarily to catches of large, recently spawned fish (Tabie 2).
During the 1980 and 1981 survey years, the survey catch of marketable
sablefish decreased. In 1981, the index catch of marketable-size
fish was 37% below the 1978 level. Two trends typify catches at this
site, The first is the decrease in the abundance of marketable-size
sablefish after 1979 and the other is the growing strength of prere-
cruit size classes (Figure 4}.

Cape Addington site--One of the highest catch rates of marketable
sabTefish found during any of the surveys was recorded at this site in
1980 (Figure 5}, During the previous year, a relatively strong prere-
cruit year class appeared there giving rise to speculation that south-
east Alaska sablefish stocks were grawing through an influx of small
fish, By 1981, survey catches of marketable fish decreased to a level
34% below the 1978 baseline catch {Table 2}, Prerecruits composed
almost half of the catches and the dominant mode in the size frequency
distribution was at 49 cm (Figure 5), Major frequency modes above 60
cm virtually disappeared between the 1980 and 1981 surveys.

Cape Muzon site--The 1981 sablefish index catch at Cape Muzon was 26%
beTow the 1579 fiqure, Marketable-size fish were 39% Tess numerous
and prerecruits were 113% more abundant than during the 1979 survey

{Table 2). Mean length of sablefish at the site decreased from 67 cm
in 1979 to 62 cm in 1981 {Figure 6}, and to 58 cm in 1982.

Sablefish lTength-weight relationships

Sablefish length-weight data were collected at all survey sites in
1978 and at Cape Muzon in 1979, Length-weight regression equaticns
are shown in Table 3. Females were usually heavier than comparably
sized mates. ODressed weight with pectoral girdle attached was 71% of
the round weight of marketable-size sablefish,

Sablefish length at age

The validity of sablefish aging technigues is undergoing critical re-
view, Research to define the most reliable technique is being pur-
sued at warious institutions. Age data presented in this report
should be viewed as provisional,
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Survey catches of prerecruit,
marketable and total sablefish per
trap, 1978-82, and size composi-
tions of sablefish captured, 1978-
81, at the Cape (ross index site.
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Age data from NMFS sablefish abundance index surveys conducted off
southeast Alaska are available from scales for 1978 and from otoliths
for 1979 and 1980, Otoliths processed by KMFS were surface read.
Table 4 summarizes the mean lengths at age for male and female fish
captured in 1978-80.

Juvenile sablefish appeared in survey catches on the coastal fishing
grounds at an age of 3-4 years and an average length of 47-31 cm, At
approximately & years of age, sablefish reach marketable size, The
average female reaches large marketable size at 6-7 years and males
measuring 67 ¢m or more are at least 7 years old,

Discussion

When NMES began sablefish abundance index surveys in 1978, sablefish
resources in the Gulf of Alaska were regarded as being in a state of
low and declining abundance, Population abundance indexing with fish
traps was an untested technique, The program was tentatively sched-
uled for 5 years duration to evaluate the methadolegy and to determine
the amount of survey effort required at each site to accurately

follow trends in sablefish abundance and size composition.

Several constraints were placed on the program at the outset. The
first was the amount of vessel time scheduled annually for the index-
ing surveys and second the limitations inherent in the vessel assigned
ed to the program. About 50 vessel-days were ailotted annually to the
indexing program, which included round-trip running time from Seattle,
The 1ifting capacity of the hydraulic system 1imited us to 10 traps
per string and its deck space was sufficient to haul equipment for 5
complete strings of gear plus a replacement set, The necessity to
fish five depths at each site limited areas available to establish
complete sites, since bottom conditions at the deeper intervals often
prohibited fishing operations.

Initially index catches were considered to be small and variability
was often high. [t appeared that replicate hauls at each site would
be necessary to establish meaningful abundance indices, Within sur-
vey constraints, it seemed more advantageous to fish four sites with
five sets in each of five depths than to expand to more sites with
fewer repetitions at each, at least until z data hase could be built
and catch trends and indices of abundance could be established.
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A possibility exists that syrvey data collected during 1978 may not
represent a true index of sablefish abundance. In particular, we
should cfte the early difficulties which were encountered in setting
gear in the 375 and 450 fathom intervals and a tendency for new or
"unseasoned” traps to show lower catch rates than older ones.

Results of the 1978-80 sablefish abundance index surveys indicated
that decreases in sablefish abundance in coastal southeast Alaska

had halted and, based on survey catch indices, stock abundance {all
sizes of fish) had increased 45% between 1978 and 1980 (Table 2).
While this increase seemed substantial, it occurred from a low base
level of abundance relative to pre-1967 conditions when the stocks
were closer te virgin biomass, Thirty-eight percent of the increased
survey catches (all sizes of fish) occurred during the 1979 survey,
Catches during the 1980 survey (all sizes of fish) showed a 6% in-
crease over the previous year, and the relative abundance of market-
able sablefish increased by 4%. A 27% increase in the apparent
abundance of marketable-size sablefish during the 1979 survey year

in the Cape Cross-Cape Ommaney area was the result of catches made on
what appeared to be a concentration of recently spawned adult fish off
Cape Owmmaney. That singlular occurrence may have caused undue opti-
mism for the recovery potential of the stock at that time. Had more
sites been included in the survey, such a fluctuation may have had less
impact on genaral impressions of apparent stock size,

Domestic catches, especially those north of Helm Point, increased un-
til the 1981 survey year {Table %), However, preliminary indicatiens
are that CPUE in numbers of fish per 100 longline hooks decreased aver
the pericd 1978-81 (Bracken, pers. commun.).

Survey data from the combined Cape Cross, Cape Ommaney, Cape Adding-
ton sites indicated a 39% reduction in total number of sablefish, a
58% decrease in marketable-size sablefish, and a 30% increase in pre-
recruit fish between the 1980 and 1981 surveys. Sablefish were 12%
less abundant in the 1981 survey catches than in the 1978 baseline
year., Marketable-size sablefish were 44% less abundant in the 1981
survey catches than in the 1978 baseline survey (Table 2). Prarecruits
have increased from 15% of survey catches in 1978 to 46% in 1981
(Table 6). Dividing the marketable category into small and large, we
find that the small marketable portion of the annual sablefish survey
catches has decreased steadily since 1978. Large marketable sable-
fish made up 38-39% of the total survey catches in 197% and 1980

but dropped to 21% in 1981.

Cape Addington and Cape Muzon showed increases in prerecruit abundance
since the 1981 survey. A small increase in the number of marketable-
size sablefish was found at Cape Addington (Table 2).

Table 7 pools the catch data from the 1978-81 surveys at Capes Cross,
Ommaney, and Addingtcn showing the relative abundance of prerecruit-
size, small and large marketable-size sablefish. As verified pre-
viously in Table 2, 1979 znd 1980 yielded the largest overall catches
with 29 and 31% of the total 4-year catch., Prerecruits made steady
gains in abundance over the first four survey years, Small marketable
fish maintained a fixed proportion of the overall catch {12%) until
1981 when their relative abundance dropped by half, In 198l, pre-
recruits composed the most abundant size class.
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The dominant 60-65 cm modes found in the 1978-80 surveys virtuwaliy dis-
appeared from sablefish length frequency distributions during the 1981
survey year (Figure 7). Mean lengths of sablefish captured at the
northern three sites remained stable at about 64 c¢m during those first
3 years, decreasing to 59 and 58 cm in 1981 and 1982, respectively,
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Figure 8.

Length compositions of male and
female sablefish captured at the
combined coastal index sites
during annual surveys, 1978-81.
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Figure 7.

Survey catches of prerecruit,
marketable and total sablefish per
trap, 1978-82, and size composi-
tions of sablefish captured, 1978-
81, at Cape Cross, Cape Ommaney,
and Cape Addington index sites.



There was a large decrease in the catch of marketable fish in 1981,
with an apparent leveling off in 1982.

Survey results indicated that decreases in marketsble-size sablefish
abundance were greatest on northern coastal fishing grounds where the
majority of the domestic catch was taken {Table 5). An aspect of
concern was the reduction in numbers of large marketable-size fish,
They have the greatest repreductive capacity, most being females, and
the highest value per pound. It appears that at least 3 years pass
before the Fish that enter the fishery as small marketables grow into
the large marketable categary.

Sex composition changed from male dominance in 1978-80 to a slight
numerical superiority for females in 1981. Prerecruits were composed
mostly of females in 1979 and 1980. Mean fork lengths of both sexes
decreased between the 1980 and 1981 surveys (Figure 8).

Sablefish aging techniques employed by NMFS are undergoing review, but
our data suggest that sablefish move into the coastal fishing grounds
at ages 3 and 4 and that some grow to marketable size by age 5. Uncer-
tainty of growth and mortality parameters and possible migration
patterns complicate the determination of the effect that coastal re-
cruitment levels have on overall sablefish abundance off southeast
Alaska.

Since 1978, 2 Japan-U.S. cooperative Yongline survey has been conducted
to determine the relative abundance of sablefish in the Gulf of
Alaska. Reporting the results of those studies, Sasaki (1982) notes
increases in the relative abundance of prerecruit-size sablefish since
1979 and their subsequent growth to marketable-size category. He also
states thet Japanese tagging studies indicate extensive sablefish
movement across the Gulf of Alaska. Bracken (1982} presents a migra-
tion model for sablefish that takes into account tag returns from
Alaska Department of Fish and Game, Japanese, and NMFS tagging pro-
grams, It shows prerecruit-size fish from southeast Alaska moving
extensively northward and westward and larger, mature fish moving
southward and eastward toward what is hypothesized to be the principal
sablefish spawning and juvenile rearing area in southeast Alaska and
British Colombia waters.

Evaluation of the sablefish abundance indexing technique

The survey data were examined to determine if sampling effort could be
reduced at each site and yet be sufficient to reflect changes in rela-
tive abundance, Any savings in effort would then be used in future
surveys for additional index sites. By hindcasting the results of the
1978-81 surveys at the Capes Cross, Ommaney, and Addington sites

using 5, 4, 3, or 2 strings, 1 weighed the benefits and disadvantages of
conducting the survey at reduced effort levels. Table 8 lists the per-
centage changes in numbers of sablefish captured since the baseline
year at four levels of survey effort. Results at the 5-string level

of effort often reflect & wmuch different picture of changes in sable-
fish abundance than their indices at 2 ar 3 strings of effort., Lower
levels of survey fishing effort tend to indicate higher sablefish
abundance, This was apparently caused by the tendency for larger
catches to appear in the first three sets at any given site, To
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verify that possibility, a simple ranking procedure was fallowed
(Table 9). The overall ranks support the hypothesis that the fourth
and Tifth sets were smaller than the first three during the 1978-81
survey period,

Table 9.--Ranks of index survey sablefish catchesly by year, site, and
set number at the Capes Cross, Ommaney, and Addington sites
for the 1978-81 annual surveys.

Set number

Year/site 1 p 3 4 5
1978

Cape Cross 1 2 5 4 3

Cape Dmmaney 2 4 5 3 1

Cape Addington 1 2 3 5 4
Sum of ranks 4 8 13 12 8
1979

Cape Cross 3 4 5 2 1

Cape Ommaney 4 3 1 2 5

Cape Addington b 4 2 3 1
Sum of ranks 12 i1 8 7 7
1980

Cape Cross 2 1 5 4 3

Cape {mmaney 5 4 3 2 1

Cape Addingten 5 2 4 3 1
Sum of ranks 12 7 12 9 5
1981

Cape Cross 4 2 5 1 3

Cape Ommaney 2 5 1 4 3

Cape Addington 4 5 2 3 1
Sum or ranks 10 12 8 8 7
Qverall rank 3.5 3.5 5 2 1

1/ Ranked from lowest to highest catch.

By replacing the annual percentage change in total numbers of sablie-
fish captured per site {the traditional index uf abundance used in
this research) with mean numbers of sabiefish captured per trap per
site, we find that at the 3 set per site level of survey effort, the
trends in apparent abundance closely parallel those found at the & set
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per site level {Figure 9). This opens the possibility of expansion to
include more sites with less effort per site, at the same time provid-
ing for continuity of data comparison between subsequent data collec~
tions and the established data base.
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Figure 9.--Catch of sabiefish per trap for 3 and 5 strings of survey
effart at Capes Cross, Ommaney, and Addingten, 1978-81.

Summar,

In light of the above conclusions, it appears that the NMFS trap study
should be expanded to more completely cover at least the Yakutat-Dixon
Entrance region, Expansion appears to be necessary to effectively
monitor sablefish abundance and size composition at one of the species'
mest important geographical focal points,
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A principal criticism of the trap survey has been that the relatively
smail npumber of sites distributed over a large coastal area do not re-
flect the true picture of sablefish abundance. Judging from analyses
of trap indexing CPUE data, the survey would effectively show
abundance trends by performing 3 repetitions instead of 5, assuming
that survey time period, trap fishing time, bait, and fishing tech-
niques remain standardized as during 1978-1981. This will allow re-
distributton of effort and expansion from 4 to 6 sites. Additional
effort is needed between the Cape Ommaney and Cape Cross sites and
between Cape Cross and Yakutat. Since an increase in vessel time
dedicated to this survey is not anticipated, a reduction of effort at
the sites presentiy sampled will be necessary.

Another suggested weakness of the NMFS trap survey is the lTow CPUE on
which the indices of abundance are based. This may not be a valid
point, since the results seem to compare favorably with trends in the
domestic fishery. Between 1977 and 1981, the CPUE (number of sablefish
caught per 100 hooks) in the coastal domestic fishery decreased from
over 10 to about 6 fish, and the average weight of fish landed de-
creased (Bracken, pers. commun.).
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Relative abundance and size structure of
sablefish in the eastern Bering Sea, Aleutian
region and Guif of Alaska based on the
results of Japan-U.S. joint longline

surveys from 1979 to 1982

Takashi Sasaki
Far Seas Fisheries Research Laboratory
Shimizu, Japan

Abstract

Japan and the United States jointly conducted a systematic groundfish
survey with the use of bottom Tongline gear in the Gulf of Alaska for
the first time in 1978. Since the 1978 survey was of a preliminary
nature for the purpose of obtaining basic data recessary for making
pians for future surveys, the data is used only fer reference, After
1978, the longline surveys were expanded to the Aleutian region and in
1982 & suvrvey was carried out in the eastern Bering Sea. Tha main
objective of the bottom Tongline surveys was to clarifv the relative
abundance of the sablefish stocks Tiving in the depth range of 101 -
1,000 m and their size structure, as well as to examine the year to year
change in the stocks. The survey methads applied in the Tongline
surveys since 1979 have basically remained unchanged. The results of
the surveys reveal that the binmass of sablefish increased since 1979 in
both the Aleutian region and the Gulf of Alaska, and in 1982 the biomass
increased 85% in the east area of the Aleutian region and 70% in the
Gulf of Alaska from the 1979 Tevel, Such a sharp increase in the
biomass is believed to have been caused by the recruitment in 1979 and
1980 of the extremelv abundant 1977 year class in each of the regions,
Because of the entry of this strong year class, the size structure of
the sablefish stocks changed remarkably “n a short peried of time. On
the basis of the 1982 survey, the biomass in the eastern Bering Sea and
the Aleutian region was respectively estimated to be about ore-tenth of
that in the Culf of Alaska.

Entroduction
Up tc the present, many groundfish surveys have been conducted by the

research institutes of various countries in the Bering $ea and north-
easterr Pacific Ocean. However, since these surveys were mainly
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carried out on the continental shelf, they produced limited information
on the exploitable stocks of sablefish living at a depth over 200 or 300
m. Since 1978, Japan and the United States have jointly conducted
systematic groundfish surveys with the use of bottom longline gear. The
Yongline survey is the first large-scale and systematic survey for
sab’efish stocks im the north Pacific. Since the 1978 survey in the
Gulf of Alaska was of a preliminary nature for the purpose of obtaining
basic data necessary for making plans for future surveys, the data is
used only for reference. Since 1979, the longline surveys have been
expanded to the Aleutian region and in 1982 the survey was carried out
in the eastern Berinc Sea for the first time (Fig. 1). Apart from the
tongline surveys, large-scale and systematic trawl surveys have been
conducted jointly by the United States and Japan in the eastern Bering
Sea and Aleutian region since 1979. These field surveys by longline and
traw] gear have produced much useful information on the sablefish
stocks. Consequently, the biological information on sablefish stocks
was rapidly increased.
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Figure 1. Definttion of the region and area applied in the Jepan-U.5. joint langline survey
in the eastern Bering Sea, Aleutian region and Sulf of Alacka,

The important activities in the longline surveys are to collect biclogi-
cal data such as catch rate and size composition of major species of
fish and to carry out the tagging experiment for sablefish. But, the
main objective of the longline surveys is to clarify the relative stock
size and the size structure of sablefish stocks living at the depth
range of 101 - 1,000 m of the survey areas, as well as to trace the
year-to-year change in them, This paper attempts to analyze, on the
basis of the accomplishments of the Tongline surveys, the relative
population number (RPN} and relative population weight {RPW) as an index
of population size and biomass, respectively, as well as the size
structure of sablefish 1iving in the depth range of 101 - 1,000 m of the
survey areas by area and by depth, and to document their year-to-year
change as well,
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Before proceeding with the report, the author wishes to express sincere
appreciation to Mr, Duane Rodman of Northwest and Alaska Fisherjes
Center who cooperated with us in the longline surveys from the beginning
as well as in the research activities ard the data analysis, and to Mr.
Michinori Kuroiwa, Dr. Tadashi Inada, Mr. Macaru Onoda, and Mr. Kenji
Funato, of Japan Marine Fisheries Resources Research Center who exerted
efforts as senior investigaters through the surveys. The author also
wishes to express thanks to Mr. Ron Tanino, Mr. John Rosapepe, Mr. Frank
Shaw, and Mr, David Clausen of Narthwest and Alacka Fisheries Center for
their participation and cooperation in the surveys. Further, the author
wishes to extend thanks to all the crew members of the Hatsue maru
Mo. 55, Ryusho maru No. 15, Fukuyoshi maru No. 8 and Anyd mary No. 22
who extenﬁea fuTT cooperation Tn the navigation of the research vessels
as well as in the research activities.

Methods
Field surveys

The preliminary investigations were made in 1978 with the use of varyine
numbers of hachi, and various baits, as well as in various depths of
water. But, the method used in the iongline surveys since 1979 has
basically remained unchanged. The utmost care was taken not te intro-
duce any qualitative variations in the data by changing the surveying
method.

The surveys have been conducted every year in the period from the middle
of May to the beginning of September with the charter of Japanese North
pacific longline vessels. The longline vessels used for research
activities were all 500 ton vessels with similar structure. There were
32 survey statfons in 1978, 57 in 1979, 76 in 1980 and 1981, and 108 1in
198Z, The 1978 surveys were of a prelirinary nature; and, the experi-
mentation reqgarding the fishing efficiercy of Tongline gear was sepa-
rately carried out in 1979. Therefore, the pumbers of survey stations
in that year were less than in other years. The survey stations were
distributed as evenly as possible without geographic partiality, The
longline survey was conducted once a day at each survey station,
Kormally, the longline with 160 hachi was used in one fishing cperation
The longline was set in direct angle to the ischath in such a way as ¢
cover the depth range of 101 - 1,000 m sut, the distarce batween the
fsobaths varied with the survey stations. Since the number of hachi ir
one operation was kept te 160, in stations where the depth range of 101
- 1,000 m extended very widely, all of this was principally set from th
direction of the shore outward, and the ship returned to the point wher
the line setting bhegan to haul the lire.

In the lorgline survey a 100 m ground-1ine with 45 hooks fixed on 1.2 r
gangions was used as the standard gear of ome hachi. The interval
between the hooks was 2 m. The size of the hook was 74 mm in Tength an
21 mm in width, Ring-cut short-finned squid were used as bait. The
soaking time was 5 to 6 hours on the average, but it varied with the
pofnt of the Tonglines. Counted from the start of hauling, the sopakine
time was about 3 hours, but if counted a- the end of the haul it was 7
to 9 hours, The catch was recorded by fish species or species group pe
hachi as to the number caught. The fishing depth was recorded with a
fish finder on the basis of every 5 hachi. “The water depth recorded wa
right under the boat, so it may differ slightly from the actual depth.
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In the 1979 surveys, no measurement of the tagged sablefish was made by
water depth, so there was no information available as to the size
composition by depth of all the sablefish caught. After the 1980
surveys the size composition data by depth of all the fish caught are
available.

Data anaiysis

Since the 1978 surveys were of a preliminary nature for the purpose of
obtaining the basic information necessary for further survey planning,
these were excluded from the examination for the purpese of this report.
Generally, the age composition is used for analyzing the change in
stocks, but the age determination for the whole sample is not yet
completed. Therefore, the size composition data were used for the
purpose of this report. The stratification of the catch data, which is
the unit of the data analysis, was made on the basis of 100 m, or a
total of 9 strata for the 101 to 1,000 m depth range for each area as
shown in Figure 1, As for the sfze compesition data, the depth range of
101 - 200 was defined as one stratum, and the depth range deeper than
201 m was divided into 200 m strata.

First, on the basis of the catch data, the average catch rate was cal-
culated for each stratum. As earlier stated, the soaking time perieds
varied with the point of the longline. And there is a possibility that
this time difference has ar effect on the catch rates. But, no correc-
tion was made on this point, The average catch rate is an indicator of
the population density, but does not represent the stock size per
stratum. Therefore, the average catch rate of each stratum was weighted
by the area of the fishing ground of the corresponding stratum and, the
value thus obtained is considered toc represent the relative population
size 1iving in the stratum, Further, based on the size composition and
the average body weight of the size class contained in each stratum
which were weighted by the relative population number, the relative
value of the biomass was obtained, The sum of the relative values of
the population size or the biomass thus obtained in each stratum of each
region or area will be the index representing the relative stock size of
the whole region or the whole area.

The study of the size structure of the sablefish stacks was made on the
basis of the size composition of the fish caught weighted by the rela-
tive population number of the corvesponding stratum, The size composi=
tion obtained thrcugh the sum of the size composition of each stratum of
gach region or area weighted by the relative population number is
considered to relatively represent the size structure of the whole stock
of the region or the area.

The fishing ground area for a 50-100 fathom depth range was calculated
on the basis of the charts printed in the United States, and the area
for a 100 - 600 fathom depth range was likewise calculated on the basis
of the United States bottom contour charts [United States Naval Oceano-
graphic Office) with the use of a planimeter. The depth intervals in
terms of fathoms were converted into those in terms of 100 m, and the
depth range of 101 - 1,000 m was divided into $ strata by 2 unit of 100
m. The area of each stratum was expressed in terms of kmZ. The area
with a 101 - 145 m depth range situated in the ecastern Bering Sea,
except Region I, was excluded because of inadequate survey efforts in
the area as well as an extremely low density of sablefish distribution.
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The area north of N59° in the Bering Sea, the Bowers Bank in the
Aleutian region, and the Shelikof Strait, the Cook Inlet, Prince William
Sound, and the inland waters of the Southeastern part of the Gulf of
AMaska were not included in the calculation of the fishing ground area
because surveys were not conducted in those areas.

Of the fishing ground area thus obtained, the Kodiak area in the Gulf is
the largest, accounting for 20% of the whole area, By region, the Gulf
of Alaska is the largest. accounting for 64% of the whole, followed by
the Aleutian region zccounting for 23%, and the eastern Bering Sea 127,
But, as for the area containing the depth range of over 401 m, which
constitutes the major fishing grounds for sablefish, the Aleutian region
contains the largest area, accounting for 424 of the whole area with the
401 - 1,000 depth range, followed by the Gulf of Alaska accounting for
36% and the eastern Bering Sea 22%.

Results
i} Catch rate

The geographical distributicn of the catch rates per hachi, which is the
index of the population density, shows that, as a gemeral tendency, the
eastern areas of the Gulf of Alaska, particularly the Southeastern area
indicate high rates, and the West Aleutian area and Region IV of the
eastern Bering Sea showed lower rates (Fig. ?2).
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Figure 2.  Mean catch rate {number of fish pe- one hachi longline unit} of sablefish
hy area and by depth in the eastern Bering Sea, Aleutian regiom and Gulf
of Alaska in the sunmer of 1952,
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By depth of water, the Shumagin and Chirikof areas of the Gulf of Alaska
registered high rates in a relatively shallow depth zone of 201 - 400 m
{Fig. 2). In other areas the catch rates were higher in the 401 - €00 m
or in the 601 - 800 m depth zone, Generally speaking, the catch rates

were extremely low in the 101 - 200 m depth zone in the eastern Bering

Sea except the Region Il and the Aleutian region.

The annual change in the catch rates after 1979 shows a general tendency
of an increase in many of the areas, although there are differences in
the tendency between strata.

2} Relative population number (RPN)

According te the results of the 1982 surveys, in which datz were obtain-
ed from all the research areas, the sablefish population living in the
101 - 1,000 m depth range were the most abundant in the Chirikof,
Kodiak, and Yakutat arees. These aresas alone accounted for 62% of the
whole sablefish population in all the researched areas. The population
size in the southeastern area where the population density registered a
high figure was not so large because the fishing ground area is small.
The population size in the eastern Bering Sea and the Aleutian region
was about one-tenth of that in the Gulf of Alaska, but the population
distribution by depth varied with the region. According tc the 1882
survey results in the eastern Bering Sea and the Aleutian region, the
population size was larger in the 401 - 1,000 m depth range than in the
depth shallower than 400 m. In the Gulf of Alaska, 82% of the popula-
tion was observed in the 101 - 400 m depth range, and the population
living in the range deeper than 401 m accounted for only 18% of the
total. For this reason the difference in the population size among
regions in the range deeper than 4C1 m, which s the major fishing
ground, was not so large, If the population size in the 401 - 1,000 m
depth range in the Gulf of Alaska was taken as 10C, the same in the
eastern Bering Sea was 35, and that in the Aleutian region was 42,

The distribution of population by area in the Gulf of Alaska shows that
the Chirikof, Kodiak, and Yakutat areas contain the largest stocks based
on the comparison of the population sizes inr the 101 - 1,000 m depth
range, but, in the range deeper than 401 m, which is the fishing ground
for sablefish, the Kodiak area contains the largest population size.
This area accounts for 27% of the whole population in the range deeper
than 401 m in the Gulf of Alaska on the average over four years, This
is followed by the southeastern area and the Yakutat area, which account
for 22% and 21% respectively. The share of the Chirikef area is 18%,
taking fourth place among the five areas, showing a difference from a
comparison made under the whole range of 101 - 1,000 m, The Shumagin
area accounts for 13%, showing a similar share as in the comparison
under the 101 - 1,000 m range in the whole of the Gulf of Alaska.

Mext, the year-to-year change in the population size will be described
by region. As for the change in the Aleutian region from 1979 to 1980,
there is no available data of the west Aleutian for 1979, so analysis
can only be made of the east Aleutian. However, since most of the
stocks in the region are distributed in the east Aleutian, the change in
the stocks in the east Aleutian could be considered to represent the
change that occurred in the whole Aleutian region. In the said area,
the population size increased 149% (2.5 times) in the period from 1979
to 1980, From 1980 on, the estimated values of the relative population
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size in the whole region were obtajned. HNamely, the population size
decreased 12% in 1981, but increased 13% in 1982 over the previous year.
By depth, the population size in the 101 - 400 m range decreased year
after year, but the same in the 401 - 1,000 m range increased, showing
that the population size in 1982 registered a 141% rise over that in
1979 in the east Aleutian.

In the gulf of Alaska the population size grew 22% in the period from
1979 to 1980. This rate of growth is far Tower than the rate of growth
observed during the corresponding period in the eastern area of the
Aleutian region registering a 149% increase. This difference came from
the fact that the entry of an extremely abundant 1977 year class ob-
served in the Aleutian region in 1980 had already occurred in the Gulf
of Alaska in 1979. The population size in the Gulf of Alaska in 1981
practically remained unchanged compared with the previous year, but in
1982 the same grew 29% over the previous year. By depth, the annual
change in the population size in the 101 - 400 m range is similar to the
general trend of the whole population. The population size in the range
deeper than 401 m decreased 14% in 1980 from the previous year, but
thereafter continued to grow, until in 1982 it registered a 69% growth
over 1979,

3) Relative population weight {RPW)

The distribution of and the annual change in the relative values of the
biomass among areas or regions are similar to the case of the population
size {Table 1). The results of the 1982 surveys reveal that the biomass
in the eastern Bering Sea and the Aleutian region was about one-tenth of
that in the Gulf of Alaska, which was similar to the case of the popula-
tion size {Table 1 and Fig. 3}. However, there was not so great a dif-
ference in the bicmass in the depth below 401 m between regions, showing
the Gulf of Alaska as 100, and then 28 for the eastern Bering Sea and 35
for the Aleutian region (Table 1). These ratios show a larger differ-
ence as compared with the case of the population size., This means that
in the Gulf of Alaska the share of medium and large fish in the depth
below 401 m is larger than that in the eastern Bering Sea or the
Aleutian region.

As for the biomass in the whole depth range of 101 - 1,000 m in the Gulf
of Alaska, the Chirikof, Kediak, and Yakutat areas show large figures
{Table 1 and Fig. 4). But, if the comparison were made of the biomass
on the average of three years in the depth below 401 m, which s the
major fishing ground for sablefish, Kodiak, Southeastern, and Yakutat
areas show large figures, similar to the case of the population size.
The biomass in the Chirikef area is the fourth and the Shumagin area is
the smallest {Table 1 and Fig. 4).

The annual change in the biomass is similar to that in the population
size, It shows a rising trend in both the Aleutian region and the Gulf
of Alaska, But the degree of the change is different frem the case of
the population size (Table 1). 1In the eastern arsa of the Aleutian
region, using the 1979 figure as the basis, the population size in 1982
increased 139%, while the biomass increased 85%. And in the Gulf of
Alaska, using the 1979 figure as the basis, the population size grew 61%
while the biomass grew 70% in 1982.
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Table 1. Relative popuiation weight {RPW) as an index of sablefish
biomass in total, 107-400 m and 401-1,000 m depth range of
the eastern Bering 5ea, Aleutian region and Gulf of Alaska
in the summer of 1979-1982.

TOTAL 107-400 m 401-1,00C
\ ARNLAL . AHNUA BMHUAL
NREN YEAR RPR e RPY THANGE REW CHANGE
E 4] 43
EASTERN BERING SEA
Reqion-1 19802 1,579 37 1,542
wad g Y gAY a0 1
19877 10,82E 1.762 B,B66
Region-1T 18" 16,206 8,406 7,800
Region-T1T 1982 372 1,664 2,057
Region-1¥ Tagd 2,983 1,546 1,417
ToT AL 1987 33,538 13,378 20,166
A_EUTIAK REGIDN
West Aleutiar 1986 6,471 . 7 6,63 Y
1991 B018 e PR LETT e
1957 7.740 i 7,153
E&st Aleutian 18749 12,545 . 4
1980 71,768 . 21 1529 .
1987 1486 L SN TEAT T
1982 23,242 18,615
ToTE LT - . Lo o,
pee FLE00 - L3 oo :
g T 13 3 + 5
GULF OF AiASKA
Snumagir 1570 13,580 -5 C ¢
1980 17818 T o e 088, o
1581 27,881 o 20,886 | o £,583 | /L
1HEE 41,300 31,353 5,056
cnirikef 197¢ 61,237 | . ¢ 4
18E0 57,451 " 5,08, 5630
1981 52,437 o 5,185 7,258 o
1952 7,115 72,12 45,950 o
Kediak 1878 85,413 . € c
19D 51985 T LY agomn 1
1w sLEe Do 000 [ o) 12,616 o3
18E2 79T £6,026 N 15,689 e
Yakutat 197e 35,188 - qs 4 <
1080 52,837 o2 . T,
1851 86,717 | C 7 12,78
1982 BT.OTE 12,204 <
Eoutneastern 167¢L 25,328 . 3 T
19RD 27,582 . W858 L e 21 S—
1361 5,182 12 38,500 s 12,812 5
1962 44,752 - e 31,452 - 12,299
0T EL 1979 18E.TEZ g
_ 1880 TREOE T T . .
1991 FALTE . g Do i

Y957 15,067

2  RPY 15 consigerably underestimated. betause a lot of sableffur zavgnt by ionaline gear
w2s eaten oy killer wnales in the course of hauling.

b RPW is 2 little ungerestsmated betduse of *riergeptnn o7 sablefiss by killer whales.

t kot avaiiadble because o7 incomalels sire coMusitTien by RPN
4) Size structure of population
Let us discuss here the features of and the change in the size structure
of the stocks weighted by the relative value of population. In the

eastern Bering Sea the size structure of the stock in 1982 in the 101 -
1,000 m depth range showed a nearly normal pattern of distribution with
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the 56.1 - 58.0 cm as a mode (Fig. 5). The comparison with the case of
the Aleutian region, and the Guif of Alaska shows that the ratio of the
cizes over 70.1 cm is extremely small, accounting for only 2% of the
whole stock.

In the Aleutian region, an extremely abundant year class, believed to be
the 1977 year class, joined the stock in the depth below 100 m in 1980,
The abundance of this year class decreased in 1981, but it increased in
1982 gver the previous year {Fig. 5), The 1977 year class is rapidly
increasing in the size of the fish population with the sizes ranging
from 50.1 to 66.0 cm as it grows. The size of the population exceeding
66.1 cm is almost unchanged and stable.

In the Gulf of Alaska, a part of the abundant 1977 year class joined the
stock in the depth below 100 m in 1979 (Fig. 5). The abundance of this
year class further increased in 1980, but remained unchanged in 1581,
and again increased in 1982. As in the Aleutian region, the 1977 year
class is rapidly increasing yearly in population with sizes ranging from
50.1 to 66.0 cm. As a result, the pattern of the size structure has
changed from a near trapezoid in 1979 to the normal pattern of distribu-
tion with the 56.1 to 58.0 cm as a mode in 1982. There is no great
change in the stocks of fish with 66.1 cm or larger. This size remains
relatively stable.

1f the size structure of the stocks is examined by depth, in the eastern
Bering Sea there is no difference in the size structure observed due to
the depth, 1In the Aleutian region, the entry of the 1977 year class was
gbserved in 1980 in the depth zone of L0l - 200 m. But this young group
of fish disappeared from this depth zone in 198l. In the 201 - 400 m
and 401 - 600 m depth zone the 1977 year class of fish are growing in
the size structure year after year. Even in the 601 - 8O0 m zone there
are some effects observed of the 1977 year class. In the Gulf of
Alaska, being different from the eastern Bering Sea or the Aleutian
region, more of the stocks live in the depth range above 400 m. The
size structure seen in the 101 - 200 m depth zone reflects the fact that
part of an extremely abundant year class joined the stocks ir the 101 -
200 m depth zone in 1979. This year class was hardly observed at the
time of the 1978 preliminary surveys. Then, the sablefish stocks
distributed in the 101 - 200 m depth zane were extremely small. Even in
the depth below 200 m the effects of this year class are remarkable,
showing that the said year ¢lass is helping the fish stocks grow in
number as well as in the size structure.

In closing this section, let us divide the whole stock into two groups,
namely, the group of small fish with a fork Yength of 58.0 cm ?with
average weight of 2.00 kg} or less having Tower commercial values, and
the group of middle and large size fish with a fork length of more than
58.1 cm having higher commercial values, and examine the trend of the
stocks. In the period from 1979 tc 1980 the small fish group increased
669% in number and 618% in weight in the east Aleutian area (Table 2).
In the Gulf of Alaska the same increased 46% in number and 55% in weight
in the corresponding period. The reason for a lower rate of increase in
the Guif of Alaska as compared with the Aleutian region is that the
entry

of a certain year class of fish in a great number which occurred in 1980
in the Aleutian region had already occurred in the Guif of Alaska in
1979. The small fish group decreased in both number and weight in both
of the regions in 1981. But in 1982, while the same decreased 4% in
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Table 2, Relative population weight [RPW) as an index of sablefish
bipmass in total, smallesize {<55.0 cm im FL) and middle-
large-size (»58,1 ¢m in FL} in the sastern Berimg Sea,
Meutiar region and Gulf of Alaska in the summer af 1597%-

1932,
TOTAL SMALL-STIE
. ANHUR, ) HNAZ
REES YERR RF¥ CHAReE RPK CHANGE
119 [$4] by}
EASTLRN BERINWG_SEA
. ] -
kegion-1 1980 L. 319 - bE% " 297
welt s B ae TR cate
19827 OLEZE 2.0t Al N
Region-1i 19820 15,20¢ £, BU5 5,511
Regign-117 1982 1,78 869 5,058
Region-1¥ 1582 7,983 08 £
TETAL 1987 33,33 16, DEE 23,450
ALEUTTAN RES10N
West Aleutian 198G §,473 I 4 5
1981 £,014 : D -
wez a0 T * A t
East Aleutian 1975 17,545 B
lee0 2178 T e D
1981 21,088 T o T T
1982 23,24¢ ‘ *
I0TAL 1980 N
1981 B
1853 8
GULT DF A&lASKA
Snumagir 197% .
1980 e
1581 -7
1588 -
Chirinof 1578 R
1960 D&
1581 -
1882 &
Kodiak 1972
1980 3
1981 ;
1982 E6
Yaeutat ra3g .
198€ 2
1981 Y
1987
Southea sterr 1478 Y
1980 £42
1951 18
198%
TCTAL 1572 s
- 1950 I
1981 LW
1952
& RPK i3 ronsigeranly unperestimeted, hecause o 1ot of sablefich cauuh? by ionaline guea”

was eater by kivler whales ir tne coutse of nauling.

b RPh is & little underestimated tecause of Tntercebtion of satlelist Ly Riller wnaies.

number, it increased 3% in weight in the Aleutian region., And in the
qulf of Alaska the same increased 24% in number and 21% in weight.

The middle and large size fish group of 58.1 cm or larger increased in
both number and weight year after yezr in the Aleutian region, The
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stock size of this group in 1982 increased 40% in number and 25% in
weight from 1979 in the east Aleutian. In the Gulf of Alaska, the stock
size of this group in 1980 decreased 2% in number and 5% in weight from
the previous year, but in 1981 and 1982 increased in both number and
weight, 1In 1982, the stock size of the fish group of 58.1 cm or larger
in the gulf of Alaska increased 84% in number and 73% in weight from the
levels of 1979.

Discussion

There is no precedent of a large-scale systematic groundfish survey
conducted in the past with the use of bottom longline gear. Therefore,
it was necessary to proceed with the survey plans carefully. The
important point is whether the abundance of the sablefish stocks can be
estimated without variability through the longline surveys., The advan-
tages of the longline surveys are that there are less limitations in the
operation due to the bottom contours or the water depth, and that the
size of the research vessel or the horsepower of the engine will not
affect the fishing efficiency of the fishing gear, and that the fishing
gear is so simple that & gap in fishing technique will not occur due to
a change of personnel, making it possible to conduct the surveys under
similar conditions year after year. The disadvantages are that the
stock abundance can only be estimated in terms of relative values, and
that this method is only effective to limited kinds of fish species,

The Torgline gear has no mobility. Therefore, it is impossible with
longline gear to cover many survey areas in a limited span of time as in
the case of trawl surveys. For this reason, for the purpose of an abun-
dance survey the longline is not suited for species of fish that tend to
move in schonls, and are distributed in patches. Yet the distribution
patterns are always changeable, and under these circumstances it is
difficult to obtain stable estimates of the stack abundance with small
variance. It was found from the results of the 1878 surveys that
althouah the distribution density of the sablefish greatly varies with
the area or the water depth, the variance in the distribution density is
small within the same stratum between the survey stations, This shows
that the sablefish are relatively evenly distributed. Thus, it was
determined that this species was suited for the longline surveys.

With regard to the longline surveys conducted, the survey efforts
exerted in the 101 - 200 m depth zore in the Gulf af Alaska were not
enough, Therefore, the accuracy of the estimated value of the relative
stock size in this depth zone is guestionable, Tt is also ncted that
there accurs a gap in the socaking time period of at least 5 - 6 hours
between the time hauling began and the time it was completed. Also, the
fishing ground area in the deep depth range is understated, and there is
a gap between the fishing depth for recording and the actual fishing
depth, These are the unsolved problems,

Regarding the sopaking time, the experiments made with three different
time periods of 6 hours, 12 hours, and 18 hours during the 197% longline
survey show there is no difference in the catch rate. It could not be
determined through these experiments whether the soaking time gap of 5 -
6 haurs would have an effect on catch, Setting the longline is done
from the shoreside cutward and the ship goes back to the starting peint
in order tn hau? the Tine. This method remained unchanged regardless of
the year or the survey station. Therefore, if there should be any



difference in fish catch due to the soaking time, there could be a
difference in the stock size in the shallow depth range and in the deep
depth range as compared with the results of the analysis, This point
should be confirmed through experiments in the future. Regarding the
fishing ground area, the difference between the area calculated on the
basis of the chart and the actual area is not more than 10% at the
steepest contour where the water depth most sharply changed, At most of
the places, the difference is not much. Therefore, the general tendency
is that there is no gap which will render serious problems, though the
stock size in the deep depth range may be somewhat underestimated.

What will change by adjusting the soaking time and the fishing ground
area will be the stock size in each of the depth zonss. It is consid-
ered that the relative values of the stock size among the areas in the
same depth zone will not basically differ from the results of the
analysis in this paper. Therefore, the stock sizes and these annual
changes in areas or regions can be amply grasped from the data herein
submitted.

It is important to accuretely record the catch depths. But, it is
extremely difficult to accurately measure the depth for every hachi in
the Tongline survey. The catch depth of record is adjusted deeper than
the actuzl catch depth, But as far as the stratum is concerned, that
gap is censidered constant. There should be no problem in analyzing the
trend of stocks without adjusting such a gap.

The relative size of stocks estimated on the basis of the results of the
longline surveys conducted since 1979 is considered to be very stable as
an estimated vaTue of the stock abundance through field investigations.
The variations in the population size and the biomass were principally
caused by the entry of an extremely abundant year class, which occurred
coincidentally with the survey period. It can be said from the above
observations that, although there are still problems, the results of the
longline surveys are reasonably credible, and provide very important
materials and information in the analysis of the trends of the sablefish
stocks over an extensive area of water. The remaining problems are to
consider to make experiments to clarify the relationship between the
average catch rate and the actual stock density as well as to exert
efforts to establish not a relative value but an absolute bicmass,

Surmary

The results of the longline surveys conducted over a total period of
four years can be summarized as follows: 1) The sablefish stocks in
1682 as compared with those in 1872 fncreased 139% in number and B5% in
weight in the east area of the Aleutian region, and increased 61% in
number and 70% in weight in the Gulf of Alaska. 2) The sablefish
population in 1982 as compared with that in 15979 Tiving in the 401 -
1,000 m depth range, which is the major fishing ground for sablefish,
increased 141% in the east area of the Aleutian region, and increased
69% in the Gulf of ATaska. And the biomass of the same fish in the said
depth range grew 19% in the Aleutian region and 95% in the Gulf of
Alaska in 1982 over 1980. 3) The middle and large size sablefish stocks
with the fork length of 58.1 c¢m or larger, having high commercial
values, increased 40% in number and 25% in weight in 1982 as compared
with 1979 in the east area of the Aleutian regfon. In the Gulf of
Alaska they increased 84% in number and 73% in weight in 1982 over 1979.
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4) The sharp increase in the stock was caused by the entry in 1979 and
1980 of an extremely abundant year class, believed to be the 1977 year
class, in each of the areas. &) The size structure of the stocks
greatly changed in a short period of time under the influence of the
extremely strong 1977 year class. 6} Since the remarkable year class,
believed to be the 1977 year class, there has been no remarkable occur-
rence of abundant groups of individuals. 7) On the basis of the 1982
syrveys, the biomass in the eastern Bering Sea and the Aleutian region
was respectively estimated to be about one-tenth of that in the Gulf of
Alaska. As for the biomass in the range deeper than 400 m, there 5 not
much difference between regions. If the biomass in the Gulf of Alaska
was taken as 100, in the eastern Bering Sea it would be 28, and in the
Aleutian region it would be 35.
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Condition of sablefish stocks in recent years
in the eastern Bering Sea, Aleutian region
and Gulf of Alaska based on the

results of field surveys

Takashi Sasaki
Far Seas Fisheries Research Laboratory
Shimizu, Japan

fbstract

The groundfish surveys in 197% and 1880 have ¢learly proved the entry of
a strong year class to the exploitable stocks in a large expanse of
ocean extending from the eastern Bering Sea to Canadian waters. This
strong year class has an extremely high abundance, which is believed to
be the 1977 year class which brought about a drastic change to the
abundance and size structure of the stocks shortly after it was recrui-
ted. This leads us to think that the sablafish’ recruitment is not
stzble from year to year, but that it is largely influenced by the entry
of a strong year class which occurs suddenly. Furthermore, the latest
studies reveal that the 1ife of sablefish is much Tonger than previously
thought, and that the stocks consist aof the fish of many year classas,
In view of these points, particularly of the occurvence of a strang year
class, the stock assessment through a production model previously
appifed is not considered to give an adequate evaluation. In this
paper, the recent stock condition of sablefish was examined on the basis
of the results of each of the groundfish surveys, and it was determined
that the ABC (Acceptable Biological Catch) after 1983 could be set at
3,000-5,000 tons in the eastern Bering Sea, 2,300 tons in the Aleutian
region, and 24,000 tons in the Gulf of Alaska.

Introduction

species Tished in the North Pacific. The distributien of sablefish
extends over a wide area, On the Asia side, distribution accurs from
the Suruga Bay to Hokkaido, then through the east coast of Kamchatka to
Cape Navarin off Siberiz. On the American side, distribution is seen
from the eastern Bering Sea to the Aleutian region, and throughout the
Gulf of Alaska to Baja, California. The population density is high on

SabTefish (Anoplopoma fimbria) is one of the important groundfish
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the American side, particularly in the southeastern part of the Gulf of
Alaska, and is very low on the Asian side,

sablefish have been fished by the North American fishermen since the end
of the 1800s, The fishery operations then were extremely limited to
regional operations, but in the 1960s, Japan and the Soviet Union began
to engage in large-scale groundfish fisheries in the Bering Sea as wel)
as in the northeastern Pacific Ocean. Correspondingly, the fishery
operations for sablefish were widely expanded aver the major distribu-
tion areas. The sablefish catch by all nations concernad registered a
peak of 66,700 tons in 1972. However, the annual catch thereafter began
to fall under the catch limitations imposed by the United S5tates and
Canada, and the estimated catch in 1980 was 25,000 tons,

The trends of sablefish stocks have been analyzed on the basis of the
CPUE data obtained by the Japanese iongline vessels that have consis-
tently maintained their fishery operations mainly for sablefish in most
of the major distribution areas. 1In 1977, the United States and Canada
enacted laws ectablishing a 200 mile fishery zone, and imposed new and
various requlatory measures on foreign tleets operating fisheries within
a 200 mile zone from their shores. As a result, the CPUE data of the
Japanese longline vessels after 1977 not only lost the continuity with
the past, but it became difficult to use such data as an index to
correctly represent the trend of the overall stocks, Since 1977, field
surveys of groundfish resources have actively been conducted by research
institutes of the countries concerned.

These groundfish surveys have provided very useful information for the
study of sablefish biolegy. In this paper, the recent condition of
sablefish stocks is assessed on the basis of the results of the Japan-
U.S, joint longline surveys as well as the results of the longline
survey by the Aomori maru and the U.3.-Japan joint trawl surveys in the
eastern Bering Sea, Aleutian region and Gulf of Alaska. The author
would like to further examine the ABC (Acceptable Biglogical Catch) of
cablefish post-1983 in these regions, as well as some management prob-
lems.

Stock Condition in Recent Years

Commissioned by the Fisheries Agency of Japan, the Aomori maru, a
training boat of the fishery high school of Aomori Prefecture, conducted
a groundfish survey in 1969 in the Gulf of Alaska with the use of bottom
longline gear. The purpose of the cruise of the Aomori maru was chiefly
to provide training in actual fishery operations To the students, and to
obtain the resulting data. This type of cruise by the fomori maru was
conducted only once, However, the information obtained through this
pperation by a non-commercial vessel regarding the population density is
very valuable considering it was done at a time immediately after the
Japarese longline fishery began to be undertaken over a large area of
the northeast Pacific Ocean. The operations were mainly conducted in
the depth range of 401-800 m in the Kodiak and Yakutat areas (Fig. 1).
The operations in the said areas lasted 19 days, using 3,454 hachi and
resutting in a total catch of 33,444 sablefish., The average catch rate
in the Kodiak-Yakutat region was 9.68 fish per hachi (Table 1). Based
an the size composition data, the catch weight per hachi was calculated
to be 30.2 kqg.

™
o
[=4]



257

_ . A WY 60° N =
-1 By g
L]
d -7 LI "
1-18
BERING SEA d? £ s i
{ ’L-R L
"
. L-
e -7
. KO0 1AK-YAKUTAT
H N
GULF  1F ALASKA
- 50" H =
17" W 160" W 150" W 1&n 1207 W
1 x ] i 1 1 1 1
Figure 1. Longline operation area and positions by Aomor] maru in the Guif of
Alaska in the summer of 1969.
Table 1. Records of longline operations by Aomari mary in the Gulf of Alaska in the
sumrer of 1969,
Megan Mumber of L)
Operallon Jeoth Wumher pf  Wamher of Catch
Area “umber Oate {m] tachi used hooks wgeg 7' E sg?:‘l:ﬂ sa:::;r::h rates
¥mldak -1 guee ) 450.730 120 6500 gl 1.7e
-2 12 450-B3p 157 8,800 7.3 INii
-3 11 41610 180 9,900 1 57 2,053
-2 14 500-550 Y .00 - 10 <16 .47
t-§ 15 580700 230 12,650 . 13 -30 2
[ T 510600 o 12.200 . 16 -20 2121
L7 18 J6O-RAOY 150 B.250 . M3 240
L- 8 19 4B0-610 15 17828 . 15 -35 1,921
L- 0 1 sp0-750 el 17,100 " -0 1,248
L-10 2 50700 243 13,598 " 4 -1 1,977
L-1 22 S00-mm 160 B 800 . -1 855
2,124 i 820 18,019
Yakutat L-17 duns 71 550500 1M $.350  Squid  10".gp" 1,868
L-13 2 s00-750 180 9.900 " 11 -45 T4
L-14 g6 550700 180 9,900 " 12 -50 2,318
[ 27 bEO-JED 170 350 . 1 =30 1104
L-16 26 500880 1890 9.0 . .05 2,31
1-17 E DN ] 190 10,450 i 0 -5 2.226
114 0 550-A00 194 10,450 . 15 -0p 1,675
L-19 Ily 1 EA0.BSD 1 ) 880 . 8.0 20
L 1,150 15,425
Southaastarn 120 duby 2 500-7RD 00 4A00 Squig Ms" 1.097
Lzl I 60000 50 2.750 " B -10 6%
129 7.150 1,900
Charlotte 1.7 Ml 4 0 8% 50 2750 Seuin 600" 652
1-23 5 BOD-55D &0 3.300 . P 641
.24 f 720.maD &0 3300 " 4 .00 RE4
1 8.399 2,198
Vancouver L% July & BAR-LED 4% 747 Squtd ETxs" 383
&  Mumher of Fleh caught per hachl



In the Aomori maru survey, longline gear with 55 hooks per hachi was
used. But, in the Japan-U.S. joint longline surveys conducted since
1979, longline gear with 45 hooks was used. For the purpose of compari-
son, if the value from the Aomori maru is converted in terms of 45 hooks
on the basis of the relationship between the hook space and the average
catch rate (Sasaki, 1979}, the average catch per hachi in 1969 would be
8.22 in number and 25.4 kg in weight.

In order to make the comparison between the results of the Japan-U.5.
joint langline surveys since 1979 and the results of the 1969 Aomori
maru survey, calculation was made on the average catch in number and in
weight per hachi in the 401-800 m depth range of the Kodiak-Yakutat
region from the data of joint longline surveys since 1979. The results

are as follows:

Average catch 1969 1574 1980 1981 1982

Number/hachi 8,22 5.58 5.60 8.71 11.48
Weight/hachi(kg) 25.4 16.7 15.¢6 22.3 30.2

The exploitation of the sablefish stocks in the Gulf of Alaska was
intensified after 1968, when Japan began to operate longline fisheries.
Even before that year, there were some Japanese vessels operating to
catch sablefish with the use of longline gear. U.S. and Canadian
fishermen, too, nave long been engaged in this type of fishing. But,
these fisheries were limited to certain sites. 5o, it is assumed that
the stock level in the whole Gulf of Alaska was in a s)ightly exploited
state. The stock condition in 1979 and 1980 indicated a reduction of
32% in number and 34-39% in weight from the level of 1969. In 1981 the
stock condition rose 6% over the level of 1969, and in 1982 the same
rose 40% in number and 19% in weight over 1969. The size composition
data indicates the fact that this increase of stocks was caused by a
larga influx of extremely abundant young fish believed to be the 1977
year class, at a depth of 401-800 m since 1980 {Fig. 2). The size
composition in 1879 and 1980 as compared with that in 1969 shows that
the overall curve was lowerad in proportion to a decrease in abundance,
But, the range and mode of the size composition remains almost unchanged
as ccmpared with 10 years ago, showing that the sablefish stocks in the
401-800 m depth range of Kodiak and Yakutat areas still maintain an
extremely stable composition even after 10 years of full-scale exploita-
tion.

The above examinations are based on the survey data from the 401 - 800 m
depth range in the Kodiak and Yakutat areas; they do not apply to the
ctock condition in the whale Gu)f of Alaska. Since 1969 the sablefish
stocks in the Gulf of Alaska have chiefly been explofted by the Japanese
longline vessels in the 401 - 800 m depth range. It is also noted that
the biomess in the 401 - 80C m depth range in the Kodiak-Yakutat region
accounts for about a half of the total of the biomass in the 401 - 800 m
depth range in the whole Gulf of Alaska. Therefore, we feel we should
extend the results of our studies over the whole Gulf of Alaska region.

As earlier stated, the level of the adult stocks in 1978 in the 401 -

800 m depth range in the Gulf of Alaska as compared with that in 1959
was balieved to have declined 32% in number and 34% in weight. In the
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figure 2. Size compositions of sablefish weighted by catch rates in 401-

8300 m depth range of the Kodia<-Yakutat region in the Gulf of
Alaska from 1969 and 1979-19392 longline surveys.

period from 1969 to 1978 the cumulative catch by alil the nations concer-
ned in the Gulf of Alaska amounted to 242,300 tcns, with an annual
average of 24,230 tons. The major part of this catch was taken at the
depth below 401 m by the Japanese Tongline vessels that were not allowed
to catch sablefish in the depth above 400 m. The CPUE (kg/hachi) in
1969 obtained from these longline vessels was 23.5. The CPUE in 1976
was 18,6, 21% less than in 1969, The CPUE in 1979 was 10.9, 54% less
than in 1969. It is noted that, as compared to 18.6 indicated in 1976,
the CPUE in 1977, when the U.S., enacted a law estahlishing a 200-mile
zone, was 13.9, showing a drastic drop. This clearly shows that there
is a qualitative discontinuity between the data hefore 1976 and the data
after 1977. Under the circumstances, considering that the CPUE in 1976
declined 21% from 1969, the estinated 34% reduction in the biomass in
1979 from the level of 1969 on the basis of the data obtained by re-
search vessels 1is considered substantially reasonable even in view of
the change in the CPUE as reported by commercial vessels,

To summarize the above observations, the biomass in the Gu1f of Alaska
was almost in the unexpleited state in 1969. Thereafter an annual catch
of 24,000 tons on the average has been maintained. After 10 years, in
1979 the biomass decreased 34% from the level of 1969, The stock
condition in 1979 was still faverable in beth abundance and size struc-
ture., This condition was maintained effectively using the irreqular
occurrence of a strong year class. The stock condition in 1982 sharply
expanded on account of recruitment of extremely abundant young fish,
which are believed to be the 1977 year class, showing a 199 rise in the
bicmass from the level of 1969, Further, the middle and large size
stocks with fork length of 58.1 cm or larger increased 73% over 1979.
After 1983 the population may decrease, but it is expected that the
bigmass will continug to increase for the time being.
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Estimation of Biomass in 1982

Since 1579, large-scale trawl surveys have been carrvied out jointly by
Japan and the U.5. ir the eastern Bering Sea and the Aleutian region
including the centinental slopes. Trawl surveys as well as Tlengline
surveys were conducted in 1980 in the Aleutian region and in 1982 in the
eastern Bering Sea, The reports on the 1982 trawl surveys have not been
released yet. Based on the 1979 surveys the sablefish biomass in the
eastern Bering Sea was estimated to be 45,400 tons {Bakkala et al.,
1981). Only preliminary information is available on the results of the
1981 surveys in the eastern Bering Sea. The biomass was estimated to be
47,000 tons, 3.5% larger than in 1979 (NWAFC, computer output, July,
1982). According to the 1979 survey report, ¢7.2% (44,200 tons) of the
sabTefish stocks were concentrated in the southeastern waters off the
Pribilef Islands. In the Aleutian region, a preliminary report of the
1980 trawl surveys reveals that the biomass of sablefish at the 101 -
SCC m depth in the Aleutian region excluding Bowers Bank was estimated
to amount to 19,464 tons (NWAFC computer output, Feb., 1983).

In 1980, aside from the trawl surveys, the longline surveys were con-
ducted in the Aleutian region, and the relative value of the sablefish
bio- mass in the 101 - 900 m depth range was estimated tc be 23,602.
In 1982, the Jongline surveys were cenducted in the eastern Bering Sea,
the Aleutian region, and the Guif of Alaska, and the relative values of
the biomass in respective regions were obtained., If the estimation was
wade of the biomass in respective reqions in 1982 by relating the
biomass estimates of the 1980 trawl survey conducted in the Aleutian
region and the relative values of the biomass obtained by the longline
survey, the biomass was estimated at 27,6568 tons in the eastern Bering
Sea, 75,557 tons in the Aleutian region, and 263,86% tons in the Gulf of
Alaska. Likewise, the biomass in the Gulf of Alaska in 1979 was esti-
mated at 155,618 tons. This shows the biomass in 1982 increased by
108,251 tons from the level of 1979,

The longline survey area in the eastern Bering Sea did not extend beyond
N5SY unlike the case of the trawl surveys. The ratios of the biomass in
respective regions are clear from the results of the 1981 traw! surveys.
If the Tongline survey results were extended over the whole area of the
eastern Bering Sea by applying those raties, the bicmass in the whole
eastern Bering Sea in 1982 could be estimated at 32,788 tons. The
biomass in the eastern Bering Sea in 1981 was estimated at 47,000 tons
on the basis of the trawl surveys, This figure did not inciude Region
1. Taking that into account, the biomass in the whole eastern Bering
Sea in 1981 could be estimated to amount to approximately 55,000 tons.
Then, the biomass of 32,788 tons for 1982 earlier estimated through the
relationship of the biomass estimate by trawl surveys to the relative
values of the biomass obtained by lTongline surveys is considerably lower
as compared with the foregoing estimate.

In an area like the Aleutian region where the variations in depth are
sharp and the bottom contours are rough, a stable trawling operation is
extremely difficult. The difficulty increases as the water gets deeper.
In fact, the 1980 trawl surveys in the Aleutian region were conducted
under many restrictions. In addition, the estimate of the biomass was
tried, assuming the wulnerability of the trawl] tear as 1.00. Taking
these into consideration, the estimate of 19,464 tons of sablefish bio-
mass in the Aleutian region in 1980 should be considerably underestimated.
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Acceptable Biological Catch after 1983

It is necessary to maintain & certain level of adult stock in order to
effectively use the opportunity of the rising of a strong year class,
which is difficult to forecast. The leve! of adult stock which should
be maintained is not clear &t this time. Although the size of the adult
stock in 1977 is not clear, assuming that it is not so different from
the 1979 level, the level of adult stock in 1979 may be high enough teo
be able to breed a year class having a similar abundance to the 1977
year class, given the proper environment. This could be a yardstick in
determining the biomass level that is capable of breeding an abundent
year class.

As earlier mentioned, the biomass Tevel in the Gulf of Alaska in 1982 is
higher by 19% than that in 1369 when tha stock condition was almost in
the unexploited situation. In the 10 years since 1969, namely, in 1979
the biomass level declined about 34%. The abundance and size structure
were maintained and capable of effectively using the irregular occur-
rence of a strong year class. There seems to be no direct relationship
between the size of adult stock and the recruitment. There is no
guarantee that recruitment will increase if the biomass increased over
the level of 1979, Therefore, if consideration were given to maintain-
ing the bfomase at a Tevel not lower than the 1879 level, an annual
catch of 24,000 tons, {the average catch for the 10 years from 1969 to
1978), if maintained for the next 10 years, will not cause a reduction
in the biomass level in the Gulf of Alaska below the level of 1979. The
catch level of 24,000 tons represents 9% of 263,869 tons, which was the
biomass in the Gulf of Alaska in 1982. Since the estimated biomass in
1982 was considerably understated, the exploitation rate of the stocks
through the catch of 24,000 tons will actually be far lower than 9%.

Following the case of the Gulf of Alaska, if the expioitable rate of 9%
should be applied to the current biomass estimated in 1982 in the
eastern Bering Sea and the Aleutian region to determine the ABC in 1983
in these regions, the amounts are 3,000 tons in the eastern Bering Sea
and 2,300 tons in the Aleutian region. The hiomass estimated by the
trawl surveys in the eastern Bering Sea in 1981 amounted to 55,000 tons.
Assuming that no change accurred in the biomass in 1982 as compared with
1981, the ABC in 1983 js estimated at 5,000 tons, which is 9% of 55,000
tons., The exploitable rate of the stocks based on this catch Tevel
shall actually be considerably lower than 9%, considerfing that the
current biomass estimate is quite understated.

Discussion

In recent years field research has actively been undertaken by the
research institutes of various countries, aside from the Japan-U.5.
longline surveys. All these surveys have clearly established the entry
of a strong year class having a high abundance in a large expanse of
waters extending from the eastern Bering Sea to the Canadian waters in
1979 or 1980 {Bakkala et al,, 1981; Beamish et &l., 1980; Zenger, 1981).
This year class is tentatively considerad as the 1977 year class. The
abundance of this year class is extremely high so that it brought about
a sharp change to the abundance and the size structure of all the stocks
as it entered.

Ps the surveys up to 1982 reveal, no remarkably abundant year class
since the occurrence of the strong year class believed to be 1977 has
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emerged. This leads us to think that the sablefish recruitment is not
stable from year to year, but that it is largely influenced by the entry
of a strong year class which occurs suddenly. So far, sablefish stock
assessment and stock management have been conducted following the MSY
theory which is based on the procuction model {Low and Wespestad, 1979;
Sasaki, 1978; U.S. Department of Commerce, 1978). If it is true that
recruitment is not stable, that the 1ife of the sablefish is longer than
previously thought (Beamish and Chilton, 1982), and that the stoecks
consist of many year classes, it can be said that the stock analysis
results through the production model hased on the catch and effort data
ohbtained from a relatively shart period of fishing will not provide a
reasonable assessment. If it is true that the biomass fluctuations of
the sablefish are affected by the occurrence of highly abundant strong
year classes, it will be possible to estimate the maximum sustainable
yield expected from the strong year classes in the future by estimating
the recruitment of strong year classes through field investigations and
by calculating the yield per recruit. A number of parameters are
necessary to estimate the maximum sustainable yield from the recruit-
ment. In the case of sablefish, reasconably reliable values of these
parameters are not available yet. Therefore, at this time it is diffi-
cult to accurately estimate the maximum sustainable yield from the said
strong year c¢lass which is believed to be the 1977 year class using a
yield per recruit model,

In this paper, we have estimated the ABC after 1983 on the basis of the
resuTts of a variety of groundfish surveys made by research vessels.
These estimates are based on the assumption that the natural fluctua-
tions of the biomass in the future will not differ so much from the
fluctuations observed from 1969 to 1978, It will be necessary to
continue extensive surveys and to carefully keep track of the general
change that may occur in the sablefish stocks. At the same time, it is
important to enhance the reliability of the variety of parameters
necessary for a stock model analysis so that we will be able to make
stock analyses through models in the future. The current biomass Jevel
in the Gulf of Alaska is considered high. Therefore, we consider it
possible to maintain the allowable catch indicated in this paper,

In the eastern Bering Sea and the Aleutfan region, sablefish spawning is
not effectively Tinked to the reproduction of the fish stocks. The
stocks in these regfons are considered to have been mafntained by the
fish that migrated chiefly from the rortheastern Pacific (Kedolov,
1968). It has been proven by the tagging experiments that the sablefish
stocks from the eastern Bering Sea and the Aleutian region and thoze
from the northeastern Pacific mix with each other (Pasquale, 1964;
Pattie, 1979; Sasaki, 1979}, It is impossible that all the sablefish in
the two regions will return to the northeastern Pacific, but it 1is
possible that many of them will just remain in the two regions. From
the point of view of the overall sablefish stocks in the North Pacific,
those remaining stocks can be considered as emigrant stocks that de not
contribute to reproduction, Although it may rot be necessary to pay
particular attention to maintaining these stocks, since there is no
accurate information, it may be reasonable to keep the exploitable rate
after 1983 at 9% of the biomass herein estimated. At any rate, it will
be necessary to clarify the scale and pace of inter-mixture of stocks
between the regions.

The sablefish stocks in the Gulf of Alaska are managed under the divi-
sion of three districts. According to the results of the 1982 longline
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surveys, the difterence in the stock size between the areas has been
considerably narrowed as compared with the previous year. This leads us
to think that the inter-mixture between the areas are quite active. The
results of tagging experiments made in recent years also indicate an
active migration of sablefish in the GuTf of Alaska (Sasaki, 1980).
Therefore, we think there is no reason for managing the stocks under
divisions. But, if it is considered necessary to manage the stocks
under divisions for a reascn other than biological reasons, the manage-
ment of stocks should be done through allocating the allowable catch in
proportion to the biomass. The results of the Tongline surveys reveal
that the ratios of the biomass among districts are 13% for the western
district {Shumagin area}, 52% for the central district {Cherikof and
Kodﬁﬁk area), and 35% for the eastern district {Yakutat and Southeastern
area).

In addition, Bracken (1982) concluded, on the basis of the tagging
experiments, that the sablefish in the Gulf of Alaska actively migrate.
At the same ftime, he ceonsidered that the young sahlefish that occurred
in southeastern Alaska migrate west where they grow, and then return to
southeastern Alaska for spawning. If this is so, the size composition
in the Shumagin and Chirikof areas, which are in the west, should be
small as compared with the size composition in the Yakutat and South-
eastern areas, which are in the east., However, ne such tendency has
been observed. From this fact it is thought that, though there may be
such movement by some of the fish, the majority of the fish do not make
such regular movement. It follows that, if the exploitable rate in the
wastern district of the Gulf of Alaska is controlled, the stock abun-
dance in the east cannot be expected to rise.

Conclusion

After examining all the results of various field surveys made by the
lengline vessels as well as by other types of research vessels, it can
be established that the ABC (Acceptable Biological Catch) for sablefish
after 1983 will be 3,000-5,000 tons in the eastern Bering Sea, 2,300
tons in the Aleutian region, and 24,000 tons in the Gulf of Alaska. If
the 24,000 tons in the Gulf of Alaska should be divided under the three
management districts in proportion to the current biomass, the figures
should be 3,100 tons in the western district, (2,500 tons in the central
district, and 8,400 tons in the eastern district.

References Cited

Bakkala, R., K. Wakabayashi, J. Traynor, H. Yamagquchi, K. Okada, M.
Nelson, T. Sample, and M. Alton. 1981. Results of cooperative
U.5,-dapan groundfish investigations in the Bering Sea during May-
August 1979, HNorthwest and Alaska Fisheries Center, National
Marine Fisheries Service, NOAA, 2775 Montlake Blvd. E., Seattle, WA
98112 {Unpubl, MS),

Beamish, R., C. Houle, and R. S5carsbrook. 195G. A summary of sabiefish
tagging and biclogical studies conducted during 1979 by the Pacific
Biological Station. Canada MS Rep. Fish. Aquat. Sci. 1588 : 194 p.

Beamish R., D. Chilton, 1982, Preliminary evaluation of a method to

determine the age of sablefish (Anoplopoma fimbria). Canadian
Journal of Fish. and Aguat, Sci., 39(2) : 277-287.

263



Bracken, B. 1982, Sablefish {Anoplopoma fimbria) migration in the Gulf
of Alaska based on Gulf-wide tag recoveries, 1973-1981. ADFA&G
Informational leaflet 199 : 24 p.

Kodolov, L. 1968. Reproduction of the sablefish (Anoplopema fimbria
(Pal1.)}. Prob. Lchthy., 8{3} : 531-535.

Low, L. and V. Wespestad. 1979. General production models on sablefish
in the North Pacific. ({Document submitted to International North
Pacific Fisheries Commission, January 1979). 16 p. NWAFC, NMFS,
MOAA, 2725 Montlake Blvd, E., Seattle, WA 98112,

Pasquale, N. 1964. Notable migrations of sablefish tagged in Puget
sound. Washington State Dept. of Fisheries, Fisheries Research
Papers. 2{3) : 68.

Pattie, B. 1970. Two additional long-range migrations of sablefish
tagged in Puget Sound. Washington State Department of Fisheries,
Technical Report 5 @ 22-23.

Sasaki, T. 1978. Recalculation of longline effort and stock assessment
of blackcod in the North Pacific. (Document submitted te INPFC,
September 1978), 23 p. Far Seas Fisheries Research Laboratory,
tisheries Agency of Japan, Shimizu 424.

1979, Results of blackcod tagging experiments by Japan in
the Bering Sea and northeastern Pacific. (Document submitted to
INPFC, April 1979). 41 p. FSFRL, FAJ, Shimizu 424,

1979. Preliminary report on blackced and Pacific cod survey
by Ryusho Maru Ne. 15 in the Aleutian region and the Gulf of Alaska
in tﬁe summer of 1979. (Document submitted to INPFC, September
1979). 46 p. FSFRL, FAJ, Shimizu 424,

1980. An interim report on U.S.-Japan blackcod tagging
experiments conducted in the Aleutian region and Guif of Alaska in
1978 and 1979. (Document submitted to INPFC, September 1980) .
13 p. FSFRL, FAJ, Shimizu 424,

.S. Department of Commerce. 1978. Fisheries management plan for the
Gulf of Alaska groundfish fishery during 1978. HNorth Pacific Fish.
Mgmt. Council. U.S. Department of Commerce. April, 1978 : 220 p.

Zenger, H. 1981. Relative abundance and size composition of sablefish

in coastal waters of Southeast Alaska, 1978-1981, NOAA Tech. Men.
NMFS F/NWC-20, U.S. Dep. of Commerce, NMFS: 42 p.

264



Certain causes of sabletish (Anoplopoma
fimbria) population depression

L.S. Kodolov

Pacific Research Institute of
Fisheries and Oceanography (TINRQO)
Vladivostok, U.8.8.R.

Abstract

The spawning range of sablefish is the Gulf of Alaska and the Pacific
coast of North America. At maturity, part of the stock may leave the
spawning area and migrate to the Bering Sea and as far to the scuthwest
as the Kuril Islands, whiie some individuals may reach Japan.

The migrations are probably not regular and the mechanism which induces
sablefish to leave the spawning zone and to return is still unclear to
us,

A certain part of the stock may spawn in the Bering Sea but the Bering
Sea spawners cannot provide replacement of the Bering Sea commercial
stock.,

The abundance of the latter is related to the abundance of fish migrat-
ing from the eastern areas.

Anaiysis of the age pattern of sablefish in particular areas and of the
pattern of recruitment stock has shown that the bulk of recruitment of
the Bering Sea commercial stock are individuals of 4, 5, and 6 year-
cltasses which prfor to their migration to the Bering Sea aggregate off
the eastern Aleutian Islands and in the western Gulf of Alaska (Kodolov,
1978). The involvement of those areas in the Japanese fishery, even on
a relatively small scale {Sasaki et al., 1975} created a considerable
shortage of recruitment from 1965 to 1966. The shortage grew worse as
the fishery progressed in the followirg years.

& similar reduction of recruitment was observed in the Gulf of Altaska.
The pattern of recruitment rate of commercial stocks of a sablefish

shows that a paramount cause of abundance decrease of sablefish in all
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areas of ils range is fishing pressure on immature fish and recruitment
but not the spawners. This is particularly obvious in the Bering Sea
sablefish stock.

Proper fishery management will enhance the population of sablefish.

Limitations imposed by the U.S. government on the sablefish fishery have
already brought bemign changes in the Bering Sea population and
abundance of fish migrating to the Bering Sea increased noticeably in
1982.

Wwe believe that limitations extending as far as complete banning of
trawl fishing in the reproductive zone would enhance the growth of
population abundance with subsequent improvement of future sablefish
yield.

Banning of sablefish fishing off the eastern Aleutian Isjands and in the
western Gulf of Alaska would contribute to the further restoration of
the Bering Sea stock.

The sablefish reproductive zome located in the Eastern Gulf of Alaska
and off the Pacific coast of North America is clearly distinguished
within the sablefish habitat area. Although spawning is also possible
in the western areas, the stable arnual reproduction is doubtful there
{Kedolov, 1976). Some catches of prespawning sablefish were taken by
Fedorov, V.V. in the Bering Sea in 1962; and their larvae were found by
the Japanese specialists {Kobayashi, :957}. The waters of the Bering
Sea, Castern Kamchatka and Kuril Islands are the areas of sablefish
distribution. The results of the Soviet-American and American-Japanese
tagging programs prove the free migration of sablefish from the
Northeast Pacific to the Bering Sea and back {Sasaki et al, 1975, Low et
al, 1976). These migrations have no regular pattern. Thus, according
to the results of tagging {Holmberg and Jones, 1954} some fish may
remain in the area of tagging and others may migrate far from the area
of initial habitation. Judging by the age structure and gonad maturity,
the immature fish over two years of age with gonads at the resting stage
of maturity, make high sea migrations to the Bering Sea, The four to
5ix year old groups are the basic migrants. The older fish also seem to
take an active part in these migraticns.

The age structure of the sablefish taken from the Eastern Aleutians and
Western Gulf of Alaska is close to the theoretically-calculated age
composition of the Bering Sea commercial stock recruitmeni (Fig. 1). No
doubt that the recruitment of this stock or a considerable part of it
begins from this area and the recruits approach the Bering Sea slope
during the warm part of the year (Kodolov, 1976).

Before 1959 the sablefish fishery was not developed and the catch did

not exceed between 6,000 tons., After Japan and other countries entered
this fishery, it was intensified and in 1972 the total catch amounted to
65,500 tons (FAU Yearbook). This rate of harvest was too high and was
reduced in the following years. Maximum annual stable catch was estima-
ted by American specialists to be between 42,600 and 46,500 tons; inclu-
ding approximately 5,000 in the Bering Sea; 2,400 off the Aleutians;

22,000 in the Gu1f of Alaska and northward from Yancouver Island; 5,000
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Fig. 1. Age structure of sablefish:

& - The Bering Sea, 1962-1972;

B - The eastern Aleutian Islands 1973;

£ - western Alaska, 1964-1573;

b - Vancouver-Oregen area, 1966-197%;

E - recruitment of the commerciai
Bering Sea stock.

20

10 W
o
2 4 6 8 10 12 14 years

off British Columbia; and 7,000 off the Pacific coast of the USA {Low et
al, 1576).

The Bering Sea sablefish fishery has not progressed in its harvest,
From 1953 to 1962 the gross catch of sablefish reached 28,500 tons and
from 1963 to 1965 the rate of exploitation was extremely reduced. In
the years 1966 to 1968 the Soviet Unjon began exploitation of the
biological resources on the continental slope, the Japanese fisheries
were again intensified and the total catch of sablefish reached the peak
level of 32,700 tons (Kedolov, 1976). Since that time the yield end
catch per unit effort (Low et al., 1976) have been steadily decreasing.
We do not know whether the Japanese fishery in the Bering Sea fluctuated
due to the development of new eastern areas or the intensity fluctua-
tions of their spawning migrations. 1t is only obvious that the yield
exceeded the biological possibilities of the Bering Sea commercial
stock.

The analysis of the 1962-1973 dynamics of sablefish age structure showed
that during fishing intensification, a Tack of recruitment was cbserved
in the commercial sablefish stacks. A similar reducticon in average age
of sablefish stocks was observed in the early fisherfes (Fig. 2). In
1965 and 1966 this lack of recruitment began to appear in the Bering Sea
which we believe may have been caused by the expeditions of the fishing
vessels to the western part of the Gulf of Alaska and to the Aleutiens
where recruits of the Bering Sea commercial stock were concentrated.
From 1867 to 1973, after intensification of the fisheries in this area
began, the deficiency of recruitment rapidly progressed.

Since 1969 in the Gulf of Alaska and since 1971 in the Yancouver-QOregon
area this reduced recruitment has beer observed, although the informa-
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Fig. 2. The changes of sablefish age structure in 1962-1973.

tion is less comprehensive in the latter case. 1ne reasun 1> he high
fishing pressure on the immature fish.

The decrease in recruitment was followed by the reduction of the catch
per unit effort {Low et al, 1976, Sesaki et al, 1975). Thus, it is
obvious that the reduction of the stock was due to the removal of the
spawners and mostly due to harvesting immature recruits.

According to our estimations, about 110 million sablefish were caught in
the Bering Sea from 1961 to 1972 and half of them were from the 1960 to
1964 year-classes. The year classes of 1951 to 1957 were incompletely
harvested because of their late entry into the fisheries, and those of
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1958 and 1959 because of the reduction of rate of exploitation in the
mid 60s. The 1960 to 1963 year-classes were most completely harvested
in the Bering Sea, providing 11.2 to 13.4 million sablefish each., The
abundance of the consequent sablefish generations drastically decreased
in the Bering Sea (Table 1), although the spawners of the 1957 to 1961
year-classes were 1ittle harvested before 1964. But they were present
in sufficient numbers in the commercial stock before 197C. In other
words, the reproduction decrease caused by the catch of the spawners
could never result in such a drastic reduction of the commercial stock
abundance. Before 1967 there were no serious obstacles to sablefish
migration to the Bering Sea, although the 1956 to 1966 year-classes had
already been harvested in the western Gulf of Alaska and Aleutians,
where in 1964 to 1966 Japanese fishermen took 2,000 to 4,500 tons of
sablefish. This caused the certain lack of recruitment, {Fig. 2) and
after 1964 almost complete disappearance, of three year-old sabklefish
from the catch and the drastic decrease in their numbers. [In 1968,
after intensification of the fisheries in the eastern areas, the four
year-old fish disappeared. Taking into account that it was 1968 when
the Japanese fisheries in the Gulf of Alaska increased more than three-
fold and four year-old sablefish were about 20% of the total catch, the
relationship between the fisheries in the Gulf of Alaska and Aleutians
and the numbers of sablefish migrating to the Bering Sea becomes obvious.

It is interesting that the increase of young fish migrating to the
Bering Sea in 1971 (Table 2} coincides with the weakening of the fishing
pressure on sablefish concentrations in the Gulf of Alaska and Aleutians
in 1970 to 1971 {Sasaki et al., 1975).

In 1974 the Soviet fisheries and investigaticns on sablefish in the
Bering Sea were stopped. Judging by the reduction of total catch and
the catch per unit effort, sablefish migrations to the Bering Sea
continued to decrease up to 1980. From 1574 to 1981 only single sable-
fish were found on the Asian continental slope. However, the restricted
measlres on sablefish catches taken by the United States government were
successful and in summer 1982 they began their migration to the Soviet
economic zone for the first time in eight years. These migrations are
not yet abundant and the guestion of the restoration of the specialized
fisheries cn sablefish have not been raised so far. Only pursuit of the
proper fishing policy may restore the large-scale fisheries in the
Baring Sea.

The experience of the sablefish fisheries showed that establishing the
sustainable yield without censideration of the biclogy of the commercial
object may result in unpredictable changes in the commercial stock
structure. In particular, intensive fishing for sablefish during
migration when a considerable number of the fish were small, and thus of
Tower food value, readily resulted in the complete disappearance of the
Bering Sea commercial stock. Sablefish stocks also decreased in the
most reproductive part of the area. We believe that the complete
prohibition of the trawl fisheries for sablefish in the reproductive
zone as well as the restriction on other sablefish fisheries in the
western Gulf of Alaska and eastern Aleutians may have contributed to the
restoration of the Bering Sea commercial stock.
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Changes in relative abundance and size
compostion of sablefish in coastal waters
of Washington and Oregon, 1979-81

and California, 1980-82

Norman B. Parks

Franklin R. Shaw

Northwest and Alaska Fisheries Center
Seattle, Washington, U.S.A.

Ahstract

Since 1978, the Northwest and Alaska Fisheries Center has been conduct-
ing a long-range research program aimed at menitoring the annual changes
in sablefish {Anoplopoma fimbria) abundance and size composition in

the northeastern Pacific Ocean, This research was begun in southeast
Alaskan waters and was expanded to include Washington and Oregon waters
in 1979 and waters off California in 1980.

A total of six abundance index sites (two per state) was monitored of f
the coast of Washington, Oregon, and California on commercial fishing
grounds, Sampling gear consisted of 50 rectangular collapsibie sable-
fish traps, each equipped with a single tunnel, and set up to close
trap entrances via a noose arrangement after approximately 24 hours of
fishing., At each site, a 10-trap string was fished at five depths
between 150 and 450 fathoms off Washington and Oregon and between 225
and 550 fathoms off California. Five repetitions at each depth (50
trap 1ifts) constituted a completed site, and all fish captured were
enumerated and measured.

Sablefish abundance in index survey areas off Oregon and Washington
decreased from 1979 to 1981, Catch rates decreased 67% at index sites
of f Oregon between 1979 and 1981, while showing a decrease of 11% at
sites off Washington. Abundance index catch rates declined just over
h0% between the 1980 and 1982 surveys at the site of f San Diego,
Califarnia. Catch rates increased 10%, however, at the Bodega Canyon
site northwest of San Francisco, Reductions in catch rates were
especially notable for medium and large sablefish off southern Oregon
and northern Washington and for large sablefish at the Bodega Canyon
site off California.
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Introduction

The Pacific west coast domestic fishery on sablefish {Anoplopoma
fimbria) has grown sporadically since 1977. The large increase in
catch in 1979 resuited from the expansion of the conical trap fishery
in Oregan and the longline fisheries in Oregon and Washington {Table
1). Sharply reduced sablefish prices beginning in mid-1979, led to a
reduction in domestic effort and catch in 1980 and 1981. In 1982, a
3,000-pound trip 1imit was established in late October by the Pacific
Fishery Management Council, when 95% of the optimum yield figure of
17,400 metric tons {t) had been reached, due largely to increased
coastwide trawl landings of sablefish,

The economic importance of the sablefish fishery and the need for
information to complement status of stock analysis based on fishery
statistics stimulated the Northwest and Alaska Fisheries Center to
initiate a program in 1978 to monitor the annual changes in sablefish
distribution, relative abundance, size composition, biglogical charac-
teristics and migratory movements in the northeastern Pacific Ocean,
These surveys have been conducted in accordance with guidelines estab-
lished in a coastwide research plan developed in consultation with the
state fishery management agencies (Hughes, 1980},

The 1979-81 results of sablefish surveys in the Washington-Cali-
fornia region have been reported by Parks and Hughes {1981) and Parks
{1982), Results of the 1978-81 surveys of sablefish resource condi-
tions in southeast Alaska have been reported to the fishing industry
and the Narth Pacific Fishery Management Council by Zenger and Hughes
{1981) and Zenger (1981). The purpose of this paper is to summarize
and present 1979-82 dataz coliected at index sites in the Washingten to
California region as a means of monitoring trends in population size.

Survey Methods and Gear

The "abundance indexing" methodology and the equipment employed in

this study are described in detail by Parks and Hughes (1981). Inform-
ation on changes in relative abundance from year to year was determined
fram the catch per unit of effort (CPUE) obtained from standardized
trap fishing at four sites off the Washington-Oregon coast (monitored
during the August-September pericd in 1879-81) and at two sites off
California (menitored during November 1940-82).

Survey index sites were established on commercial fishing grounds

of f Cape Arago and Cape Lookout, Oregon, and off Willapa Bay and Cape
Johnson, Washingten {Figure 1). The California sites were on Patton
Escarpoent west of San Diego and near Bodega Canyon just northwest of
Point Reyes (Figure 2).

At index sites off Washington and Oregon, 10-trap strings were set

as near as possible to the 150, 225, 300, 375, and 450 fathom isobaths.
OFff California the fishing depths were at the 225, 300, 375, 450, and
550 fathom isobaths. The gear was set 5 times at each depth resulting
in a total of 50 traps hauled at each depth interval and 250 traps
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Table 1.-~-Domestic landings of sablefish by state and gear type, 1976-82,

Sablefish |landings, round weight (t)
State and gear 1976 1977 1978 15379 1980 1981 1582

Washington

Trawl 314 480 676 669 44] 571 1,708
Trap 121 359 491 435 g7 1,305 1,617
Longline 204 299 566 1,564 577 676 677
Troll 1 2 - - 1 1 2z
Shrimp trawl 1 6 - - 7 11 27
Set net - - - - 45 29 141
Handl1ine - - = - _ 1 4 19
Total 641 1,146 1,833 2,668 1,462 2,597 4,189
Qragan
Trawl 443 326 953 1,494 1,024 1,318 2,945
Trap 44 an 290 4,351 1,241 3038 1,456
Longline 5} [} 268 1,819 ire 682 583
Trold - - 28 - - 1 1
Shrimp trawl 20 13 70 77 63 36 a5
Total 507 345 1,614 7,741 2,707 2,340 5,040
California
Trawl 1,854 2,474 2,345 2,272 Z2,907 3,572 5,245
Trap and

longlineb 4,206 3,579 4,827 4,772 2,431 3,087 3,964
c

Total 6,060 6,053 7.172 7,044 5,333 6,669 9,209
€

Grand Total 7,208 7,584 10,619 17,453 $,502 11,606 18,438

dlnclydes 26 t taken by set net.

Blongline catch im California was & very small percentage of combined trap and
longline cateh until 1980 when longline catch rose to 28%,

CPreliminary data.

hauled at each site. Loran C and depth sounders were used to fix
setting positions so that all replicates were made at nearly the same
locations, The surveys of f Oregon and Washington were conducted from
the NOAA ship John N. Cobb beginning at Cape Arago, Oregon in early
August and finishing at Cape Johnson, Washingten, during late September.
The 1980 California survey was conducted by the NOAA ship Chapman and

in 1981-82 indexing was conducted by the John N. Cobb. The California
surveys took place primarily during November.
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Figure 1.--Sites fished of f Washington and Oregon during the 1979-8l
sablefish index surveys by the NOAA ship John N. Cobb,
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Figure 2.--Sites fished off California during the 1980-82 sablefish
index surveys by the NOAA ships Chapman and John N. Cobb.

Data collected included:

40° N

3N

1. Number and weight of sablefish and other species captured

in each trap;

?. Fork lengths of all sablefish;
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3. Biological data to support life histery studies which
included Tength-weight relztionships, age structuresl/,
sex ratio, and sexual maturity;

4. Tissue samples for stock identification studies; and

5. Al1 sablefish not required for biological samples were
tagged and released in support of ongoing coastwide
migration studies.

Based upon information from the sablefish processers of Oregon and
Washingten, marketable-size sablefish were defined as fish measur-

ing 52 cm or greater in fork length. Fish measuring 52 cm averaged
3.0 1b round weight. Small marketable sablefish waighed 3,0-5,0 1b
round weight {head on, ungutted), medium sablefish weighed 5.0-7,0 1b,
and large sablefish weighed more than 7.0 1b round weight.

Submarketable-size sablefish were defined as those fish retained by
the trap gear which measured 51 ¢m or Tess and hence weighed Tess than
3.0 1b round weight. In California, there is no minimum size accepted
by precessors; those sablefish under 4.25 1b round weight were consid-
ered small, those 4.25 to 7.0 1b were medium, and those more than 7.0
1b were large. Research catches were categorized accordingly,

Resuits
Oregon Coast

Sablefish catches at the Cape Arage site decreased sharply between

the 1980 and 1981 surveys after having increased between 1979 and 1980
(Table 2.) This large decrease in catch rates was evident in both
submarketable and marketable categories. The percentage abundance of
sablefish captured &t Cape Arago 1s shown by size category in Table
3. Cape Arago produced the highest percentage of submarketable sable-
fish of any site in 1980 and 1981 and reductions in medium and Targe
sablefish were noted. The length compositions in Figure 3 reflect the
reduced abundance of large fish and the mean length declined from 57
cm Tn 1979 to 53 cm in 1981.

Sablefish catches at Cape Lookout have dropped sharply since 1979 in
all size categories, with decreases ranging from 60% to 761 (Tabie 2},
This site, however, produced the lowest percentage of submarketables
and the highest percentage of medium and large sablefish of any site
in 1981 as shown in Table 3. Length compositions {Figure 3} demon-
strate that the fish measuring 58 ¢m and greater remained relatively
constant between the 1980 and 1981 surveys, and the decrease in 1981
abundance occurred primarily among fish measuring 57 cm and less, As
a result, average size increased from 55 cm in 1980 to 57 cm in 1981.

1/ Age determinations are being postponed until present techniques are
— more fully evaluated,
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Table 2,--Total numbers of sabiefish and numbers of marketable-size and
submarketable-size sablefish captured at Oregon and Washington
abundance index sites during the 1979-81 surveys, Annual
percentage change in numbers of sablefish and percentage
change from the baseline year 1979 are indicated by site and
size category.

b
Total sablefish l‘lar'luetahle-s'izea Submarketable-size
Annual Lhange from Annual Change from Annual Change Trom
change 14979 change 1979 change 1579
Site/year Kumber {%) {%) Humber (%] {%] Number {3} (%)
OREGON
Cape Arago
1979 1.222 929 2%3
+43 . ~ 1 c 179
1980 1,753 +43 936 +1 817 +179
-7 -7 -6
1981 SB7 =52 313 -66 274 -6
Cape Lookout
1979 2,874 2,09 555
-6l -1 =23
1980 1,12% -6] 700 =10 425 =23
=3l -2 ~48
1981 774 =73 451 -76 223 -60
Cape Arago and
Cape Logkout
1979 4,096 3,248 848
=30 -50 +16
1980 2,878 -30 l.636 =30 1,242 46
-53 -47 -80
1981 1,36] =67 864 -73 497 -]
WASHINGTON
Willapa Bay
1979 1.50 B46 64
-26 -20 -36
1980 974 -26 675 -20 299 -36
+140 + 6 +2l
1981 1,074 -18 713 -16 361 -22
{ape Johnson
1579 982 780 192
+44 +24 +122
1980 1.370 14 944 r24 426 +122
=31 -38 -13
1981 9E0 ] 584 =22 366 +9]
Killapa Bay ang
{ape Johnson
1979 2,262 1,606 656
+ 4 =1 +11
1980 2,340 + 4 1,619 + 1 725 +11
-14 =20 0
198] 2,024 -1l 1,297 -18 rer +11

252 cm & greatar fark length.
b51 cm or less fork length, which was below minimum marketable size in Washington and Oregon.

€4 correction of the number presented in the report by Parks and Hughes {}98]).
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Table 3.--Percentage abundance of submarketable-size and marketable-size
sablefish at the four Oregon and Washington abundance index
sites during the 1979-81 annual surveys.

Marketable

Submarketable @  Small b Medium © Large d Tota’
Year and area (%) (%) {%) (%) {1)

1479
Cape Arago 24 53 13 10 100
Cape Lookout 19 57 13 11 o0
Willapa Bay 35 9] ? 7 100
Cape Johnson 24 95 13 12 100
Average 24 L] 12 10 100

1980
Cape Arago 47 K 8 f 100
Cape Lookout 38 44 9 g 100
Wiliapa Bay il 52 3 9 100
Cape Johnson 31 b 8 7 100
Average 37 a7 g B 100

1951
Cape Arago 47 44 6 3 100
Cape Lookout 29 16 12 13 1080
Willapa Bay 34 52 7 7 100
Cape Johnson 39 52 5 3 100
Average a7 19 3 [ 100

3l ess than 52 cm fork length = less than 3.0 1v round weight.
boz-61 cm fork length = 3.0-5.0 1b round weight.,
€62-67 cm fork length = 5,0-7.0 1b round weignt.

d68 cm or greater fork length = more than 7.0 1b round weight,

Combined data for the Oregan area show that catch rates declined stead-
i1y from 1979 to 1981 (Table 2}. The 1981 catch rates represent a 67%
decrease from 1979 catch rates. Declines occurred in catches of both
marketable-size and submarketable-size saplefish, The mean lengths of
males decreased fram 54 cm in 1979 to 52 cm in 1981, and the mean
length of females decreased from 61 cm to 59 cm. The sex compositicn
of sablefish captured off Oregon ranged from 48% to 53% males. The
length at which 50% reached maturity at the 95% level of confidence
was 49.7 + 0,3 cm for males, and 54.9 + 0.5 cm for females for all
years combined. -
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Figure 3,--Length composition of sablefish captured at the Cape Arago
and Cape Lookout, Oreqgon, sites during the 1979-81 index
surveys. Vertical lime (a} is the division between sub-
marketable-size and marketable-size sablefish and vertical
line (b} is the rmean length (L),
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Washington Coast

0ff Washington, sablefish catch rates at the Willapa Bay site decreased
averal! since 1979, but slight increases in both size categories were
noted between 1980 and 1981 (Table 2}. The percentages of marketable
and submarketable-sizes have remained relatively stable since 1979
{Table 3). wWillapa Bay was the only site off Oregon and Washington
which showed increased catches im 1981. The length composition and

mean length of sablefish captured at the Willapa Bay site is similar

in all three years {Figure 4},

Sablefish catch rates at Cape Johnson in 1981 were essentially unchanged
from 1979; however, moderately lower catches occurred in both size
categories between 1980 and 1981 (Table Z). A sharp increase in the
percentage of submarketable-size fish and a major decrease in percentage
of medium- and large-size sablefish at Cape Johnson was evident since
1979 (Table 3). There was decreased abundance in &l sizes 47 ¢m and
greater between 1980 and 1981, and the mean length decreased from 58

cm in 1979 to 54 cm in 1981 {Figure 4}.

The conbined data for Washington sites indicate that sablefish abundance
decreased slightly between 1979 and 1981 (Table 2). Marketable-size
sablafish decreased 19%, while the abundance of submarketable-size
sablefish increased 11%. The mean lengths of males changed only slightly
{53, 54, 52 cm}, whereas Temale mean Yength declined from 61 cm in

1979 to 57 <m in 1981. As in waters off Oregon, a large decrease in
the number of females greater than 57-58 cm has occurred since the

1979 survey. Males were predominant in the the sex composition of
sablefish captured during all years, making up 53-57% of the catches,
The length at which 50% reached maturity at the 95% Tevel of confidence
was 48.2 + 0.5 ¢n for males, and 54.6 + 0.6 cm for females for ail

years combined. -

California Coast

sablefish catches at the Patton Escarpment site off San Diego decreased
moderately between 1980 and 1981, This decrease occurred in all sizes,
especially in medium and large categories {Table 4}. Sablefish catch
rates declined further in 1982 with a 40% decrease since 1981, Both
small and medium sizes showed lTower catch rates while there was an
increase in the few large-size sablefish taken in 1982. Since 1980,
catch rates of sablefish at the Patton Escarpment site have decreased
51% and this decrease was evident in a'l size categories (Table 4}.
Small sablefish dominated the catch in all three survey years off San
Diego making up 90-93% of the fish captured. Medium-sized sahlefish
made up an average of 8% while large-sized sablefish made up Tess than
1% of the catch in all three years (Table 5). The length data {(Figure
5) i}lustrate the generally unimodal characteristic of sablefish Tength
distributions of catches off San Diego. Mean length was 51-52 c¢m on
all three surveys.
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Table 4.--Total numbers of sablefish and numbers of small, medium, and
large sablefish captured at California index sites during the
1980-82 surveys. Annual percentage change in numbers of
sablefish and percentage change from the baseline year 1980
are indicated by site and size category.

Total sablefish Large sablefish Medium sablefish Small sablefish
{hange Change Change Thange
from from from from
fnnual  baseline Annual  baseline Annual  baseline Annual  baseline
change year change yaar change year change year
Site/year Ng . [%] (L} Ho. {1} (%] No. %] (%} Ho. 3] {1}
Patton
Escarpment
1980 1,574 7 139 1,378
=18 -57 31 -17
le8l 1,247 -18 3 -57 96 =31 1,128 -17
-40 67 -49 -39
1982 153 =51 5 -29 43 -6% 699 -45
Bedega
Canyen
1980 1,255 72 206 977
19814/ -- -- -- - - - -- -
19828/ 1,379 +10 22 6% 210 +2 1,147 +17

3 The Bodega Canyaon site was not fished in 198l beczuse of adverse weather conditions.

B giace two complete strings of gedr were lost on the fourth repetition at the 225 and 450 fathom depth
intervals, and a third string was lost on the fifth repetition at the 300 fathom depth interval at the
Bodega Canyon site in 1982, all to drag vessels, means of catch values for the 2nd and 3rd repetitiens
at 275 and 450 fathom, and 2nd through 4th repetitions were substituted for the missing datz in the 1582
survey.

There was a strong dominance of females in catches from the Patton
Escarpment site during all three survey years, The length composition,
mean tengths by sex, and the percent of male and female sablefish in a
subsample are shown in Figure 5. The length at which 50% reached
maturity at the 95% level of confidence was 54.8 + 1,3 cm for males,
and 56.3 + 0.5 cm for females for all years combined.

Extended adverse weather precluded sampling in 1981 at the Bodega
Canyon site and the loss of three strings of trap year prevented com-
pletion of all scheduled sampling in 1982,

Gear was 1ost on the fourth repetition at the 225 and 450 fathom depth
intervals, and on the fifth repetition at the 300 fathom depth interval.
In order to render the 1982 data useful for comparison with the 1980
results, means of catch values for the second and third repetitions

at 225 and 450 fathoms, and the second through fourth repetitions at
300 fathoms were substituted for the missing gata. Catches from the
first set were not used in calculating substitute mean values because
these catches are usually considerably higher than those in subsequent
sets,



Table 5.--Percentage abundance of small, medium, and large-size sablefish
captured at the Patton Escarpment and Bodega Canyon index sites
during the 1980-82 annual surveys.

b c

Sme‘Ha Meadium Large Total
$ite and Year {3) (%) (%) (%)

Patton Escarpment
1930 90 9 <1 100
1981 92 8 <1 100
1982 93 7 <1 100
Average 92 8 <1 100

Bodega Canyon

1980 78 HY B 100
le81d - - - -
1982 83 1 2 140
Average 20 18 4 100

@ Less than 4.25 1b round weight = less than 59 cm fork length.
b 4,25.7,0 15 round weight = 59-6B cm fork length.

C More than 7.0 b round weight = 69 cm or greater fork Jength,

=

Rodega Canyon was not fished in 198l because of acverse weather conditions.

Sablefish catches at the Bodeya Canyon site increased 10% between 1980
and 1982 (Table 4}, The increase was almost entirely a result of an
extraordinarily large catch on the first repetition at the 300 fathom
depth interval, If this value is considered aberrant or an outlier,
one could substitute a catch value calculated on the average rate of
decline between the first and second repetitions for the other four
depth intervals, This results in a total catch of 1,259 (Table 43,
indicating little change in total sablefish abundance between 1980

and 1982, While catch rates of both small- and medium-sized sablefish
increased, the catch rate of large sablefish was down 69% {Table 4).
Small sablefish made up 78% of the catch in 1980 and 83% of the catch
in 1982. The proportion of medium-sized sablefish was at 16% and

15%, with large sablefish down from 6% of the catch in 1980 to 2% in
1982 {Table §}. The length compositions shown in Figure 5 are similar
but a reduction in the number of fish greater than 70 cm is evident in
1982. Mean size of all sablefish remained unchanged at 54 cm,

Although males were slightly more abundant at the Bodega Canyon site
in 1980, 55% of the 1982 catch was female. The sample length compo-
sitions, mean lengths by sex, and the percent of males and females are
shown in Figure &, The length at which 50% reached maturity at the
95% lavel of confidence was 52.7 + 0,6 cm for males, and 55.3 + 0.9 cn
for females for the two years combined.
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Summary and Conclusions

Survey catch rates suggest that sablefish abundance at Oregon index
sites has been decreasing since 1979. Catches taken off Cape Arago in
1980 and 1981 contained a relatively large proportion of submarketable-
size sablefish and, at the same time, there had been a notable reduction
in the numbers of medium and large marketable-size sablefish.

Survey catch rates off Washington indicate that sablefish abundance
at index sites declined only slightly since 1979, Size composition
remained stabie off Willapa Bay, but there was a large reduction in
the percentage of medium and large marketable-size sablefish at the
site of f Cape Johnson.

These reductions in numbers of medium and large merketable-size sable-
fish off southern Oregon and northern Washington are of special concern,
as those fish have the greatest reproductive capacity and a much higher
commercial value.

Consistent declines in sablefish catch rates have pccurred of f southern
Califormia, with the percentage of small sablefish ranging from 90% to
93¢, Large sablefish made up less than 1% of the catches in all surveys.
Mean lenyths of both males and females generally declined throughout

the period of the surveys. The 1982 catch rates of f northern California
indicate a slight increase in sablefish abundance, but again, the
prapartion of large sablefish has deciined nmarkedly. The percentage

of small sablefish increased from 78% to 83% between 1980 and 1982,

Mean length of males remained constant while mean length of females
decreased 3 cm.

Presently, we are at a point of evaluating past indices of abundance
and identifying future needs, The need for sablefish resource assess-
ment continues and is especially important during the time when the
Pacific Fishery Management Council is developing a system for collect-
ing comprehensive fishery statistics suitable for stock assessment
studies. The trap indexing study has progressed to a stage allowing
For review of results and general perfaormance appraisal. Following
this evaluation, we anticipate developing an enhanced assessment

study using the information and experience gatned from the inittal
effort.
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Abstract

Adult sablefish {Anoplopoma fimbria) generally occupy continental
slope waters (greater than 200 m) in the eastern Bering Sea. Sablefish
have been infrequently encountered in the shelf region during annual
Morthwest and Alaska Fisheries Center {NWAFC) demersal trawl surveys
conducted since 1971, 1In 1978, juvenile sablefish were first observed
in relatively high abundance on the southeastern shelf of the Bering
Sea. Length frequency and age data identified these fish as |

year olds of the 1977 year-class. This year-class has been recog-
nized as being unusually strong in the Aleutian Islands, the Guif of
Ataska, and along the Pacific West Coast. The recruitment of this
year-class initially to shelf waters in the eastern Beriny Sea and
subsequently to continental slope waters occupied by the adult popu-
lation is described in this paper.

Introduction

The Resource Assessment and Conservation Engineering (RACE) Division
of the Northwest and Alaska Fisheries Center [NWAFC} has conducted
annual demersal creb and groundfish trawl surveys in the eastern
Bering Sea since 1971, Sampling effort has been largely restricted to
the continental shelf region at depths less than 200 m. Sablefish,
Anoplopoma fimbria, were infrequently encountered in these waters
until 1978 when juveniles were observed in relatively larye numbers
in the southeastern Bering Sea. These fish were identified as one
year olds fron the strong 1977 year-class. The success of this year-
class has also been observed in the Gulf of Alaska, off British
Columbia, and as far south as California.
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This paper describes the emergence of the 1977 year-class as Juveniles
in the eastern Bering Sea shelf region and their subseguent recruit-
ment to the adult population located along the continental slope. The
possible origin of these juveniles will also be discussed,

Overall Distribution of Sablefish in the North Pacific Ocean

Sablefish have a wide overall geographical distribution in the North
Pacific Ocean extending from waters of f Mexico northward through

the Gulf of Alaska and the Bering Sea, and south along the Siberian
coast and Kamchatka Peninsula to the central north Pacific coast of
Japan. Within the fishery jurisdictions of the United 5tates and
Canada, survey data and catch statistics indicate that approximately
67% of the averall sablefish biomass is located in the Gulf of Alaska,
13% in the Vancouver-California region, an additional 13% in the
Bering Sea, and about 7% in the Aleutian Islands area (Low et al.,
1976). Sablefish also occupy a very broad bathymetric range during
various stages of development and growth. £ggs are apparently located
at depth, while larvae have been found in surface waters. Juveniles
are primarily restricted to surface and nearshore waters at depths
less than 150 m, while adults are found in greatest abundance at water
depths ranging from 150-1200 m (Alton and Webber, 1976).

In the eastern Bering Sea, sablefish are normally found in greatest
abundance between 200 and 800 m based on the observations of Kulikov
{1965) and data from NWAFC surveys. Until 1978, sablefish were rarely
taken in shelf waters (<200 m).

Commercial Catches in the Bering Sea

The commercial fishery for sablefish in the Bering Sea has been exclu-
sively conducted by foreign nations. Japan initiazted a fishery in the
eastern Bering Sea during 1958 which expanded rapidly through the
early 1960's (Table 1), In the mid-1460"'s, the Japanese extended
their fishery to the Aleutian Islands area. Although the U.S.5.R, and
the Republic of Korea have aiso taryeted on sablefish at times, annual
catches made by Japan have far exceeded those of other countries.
Additionaily, sablefish have been taken incidentally in fisheries
conducted by other nations {Table 1).

Throughout the history of the Bering Sea-Aleutian Islands fishery, the
jargest commercial catches of sablefish have come from the eastern
Bering Sea. Highest annual catches in the eastern Bering Sea were
made in 1961 and 1962 at approximately 26,000 and 29,000 t, respec-
tively., Following those peak years, annual catches have fluctuated

at moderate levels until 1973. During the period of 1973-81, all-
nation catches declined significantly to range between 2,000 and

3,000 t annually in the combined eastern Bering Sea and Aleutian
Islands region. The declining catches have been primarily due to
reduced stock abundance,

NWAFC Resource Assessment Surveys

The NWAFL has conducted demersal trawl surveys on the eastern Bering
Sea continental shelf annually since 1871 to assess the condition of
crab and groundfish resources, Although sampling intensity and areal
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Table 1.--Historical catches [from Narita, 1983) of sablefish in metric
tons by nation in the eastern Bering Sea and Aleutian Region,

1958-81. 1/
Lastern Bering Sea Aleutian Region
}3 3 2/ 4, Areas
Year Japan USSR Others Total Japan ROK USSR Others  Total combined
19548 3z - - 2 5/ - - - 5/ 3z
1959 393 - - 393 5/ - - - 5/ 393
1960 1,861 - - 1,861 5/ - - - 5/ 1,861
1961 26,182 - - 26,182 5/ - - - 5/ 76,182
1962 28,521 - - 28,521 5/ - - - 5/ 28,521
1963 18,404 - - 18,408 5/ - - - 5/ 18,404
1964 8,262 - - 8,262 97% - - - 975 9,237
1965 8,240 - - 8,240 360 - - - I3[0 8,600
1966 11,981 - - 11,981 | 1,107 - - - 1,107 13,088
1967 13,457 274 - 13,731 | 1,383 - - - 1,383 15,114
1968 14,597 4,758 - 18,853 | V1,661 - - - 1,681 20,514
1969 17,009 1,579 - 18,588 | 1,804 - - - 1,804 20,392
1970 9,627 2,874 - 12,50 | 1,277 - - - 1,277 13,778
1971 12,410 2,330 - 15,240 | 2,571 - 110 - 2,741 17,98
1972 13,231 2,137 - 15,368 | 3,307 - 2R9 - 3,576 18,944
1973 6,395 1,220 - 7,615 | 2,875 - 134 - 3,009 10,624
1974 5,081 77 - 5,158 | 2,506 - 14 - 2,520 7,678
1975 3,384 38 - 3,422 [ 1,538 - 7y - 1,617 5,019
1976 3,267 29 - 3,296 | 1,573 - 61 - 1,834 4,930
1977 2,i09 - - 2,109 | 1,63 86 - - 1,7 3,826
1974 1,007 - 132 1,139 198 23 - - 821 1,960
1879 1,071 49 269 1,389 617 164 - - 8 2,170
1980 1,649 - 527 2,47 233 25 - 8 267 2,438
1981 2,09 - 487 2,578 320 g6 - 1 377 2,95%

1/ Japanese catch data for 1958-77 from Sasaki (1976]) and Pers. Comm., T. Sasaki,
Far Seas Fishery Research tab., Shimizu, lapan; 1.5.5.R. data for 196777 pro-
vided through U,5,-U.S.S.R. Bilateral Agreements; 1976 data for R.0.K. and
1978-81 data for all natiens from U.5. Foreign Fisheries Qbserver Program,

2/ For years prior to 1977, Japanese catch data are reported by fishing year

= {Mov.-Dec.); later Japanese catches are reported by calendar year.

3/ Includes Republic of Korea, Taiwan, Poland, and West Garmany,

4/ Includes Taiwan, Poland, and West Germany.

5/ Included in the Bering Sea catches.

coverage have varied between years, a comparative fishing area in the
southeastern Bering Sea has been consistently sampled every year
{Figure 1). The survey area was expanded in most years since 1975

to encompass the major partion of the continental shelf. In more
recent years {1979, 1981, and 1982}, during cooperative studies with
the Far Seas Fisheries Research Labaratory of Japan, it has covered the
slope region to depths of 1,000 m (Figure 2}. A1l surveys were con-
ducted during the summer months aboard NOAA research vessels and
chartered commercial fishing vessels. The abundance and biclogical
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Figure 1.--Compargtive fishing area sampied annually during Northwest
and Alaska Fisheries Center demersal trawl surveys in
1973-82.

Figure 2.-«Area of the eastern Bering Sea generally sampled during
large-scale surveys by the northwest and Alaska fisheries
Center in 1975 and 1979-82, Area within the dashed lines
was not sampled during the 1981 survey.
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data presented in this report are from the comparative fishing area

on the southeastern Bering Sea shelf and from the slope waters mainly
sampled by Japanese vessels. The juveniles of the 1977 year-class
were entirely distributed in the comparative area on the shelf; catches
of sablefish from other areas of the shelf during large-scale surveys
were insignificant.

Emergence of the 1977 Year-Class in the Southeastern Bering Sea

Until 1978, sablefish were infrequently encountered in the comparative
fishing area. Mean catch per unit effort (CPUF)} values were less than
C.1 kilogram/hectare (kg/ha) each year during 1971-77 (Figure 3),

Those sablefish taken were generally restricted to Outer Continenta)
Shelf waters (>120 m) during that period. Catch rates increased signi-
ficantly in 1978 (0.3 kg/ha) when juveniles were encountered for tha
first time in the mid-shelf area at depths of 40-120 m and in nearshore
waters (<40 m) along the Alaska Peninsula from Unimak Pass to Port
Moller {Figure 4}. Size composition and age data identified these
juveniles as 1 year olds from the strong 1977 year-ciass. Catch rates
continued to increase in 1979 accompanied by a generalized movement of
these young sablefish toward deeper shelf waters {120-200 m). CPUE
peaked at approximately 1.6 kg/ha trawled during 1980, Catches
decreased sharply in 1981 and were further reduced to about 0,2 kg/ha
in 1982 as fish moved out of the study area.

r
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o
]

1970 72 74 ‘76
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Figure 3.-~Relative abundance of sablefish in the comparative fishing
area as shown by Northwest and Alaska Fisheries Center
research vessel data, 1971-82.
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The estimated biomass of sablefish in the comparative area was 4,500 t
in 1978 from a population of about 14.3 million individuals (Table 2).
These and subseguent biomass and population number estimates are
probably minimal values as the catchability coefficient for sablefish
may be lass than 1.0, The estimated biomass increased about fourfold
between 1978 and 1979 to 18,500 t and increased further in 1980 to
25,300 t. Population number estimates increased to 19.4 million in
1975 and 21.4 million in 1980, indicating that additignal juvenile
fish may have immigrated into the southeastern Bering Sea after 1978.
The apparent biomass decreased to about 6,000 t and 3,700 t during
1981 and 1982, respectively. By 1982 only 2.2 million fish remained
in the shelf study area. Thus, the majority of the juvenile sablefish
left shelf waters between the 1980 and 1981 summer survey periods when
they were between 3 and 4 years old.

Table 2.--Apparent biomass and population numbers of sablefish in
the comparative fishing area from Narthwest and Alaska
Fisheries Center research vessel surveys, 1971-82.

Year Biomass Population
(t) {millions)
1871 260 0.3
1972 70 <0.1
1973 760 0.6
1974 140 0.1
1875 230 1.2
1976 3 <0.1
1977 50 0.1
1978 4,500 14.3
1979 18,500 146.4
1980 25,300 21.4
1981 6,000 3.7
1982 3,700 2.2

The destination of these juveniles is believed to be the continental
slope waters of the eastern Bering Sea. The continental slope region
(200-1,000 m) was sampled during cooperative trawl surveys between the
NWAFC and the Far Seas Fisheries Research Laboratory of the Fisheries
Agency of Japan in 1979, 1981, and 1982, Results from these studies
show a major increase in sablefish abundance on tha s5)ope between 1979
and 1981, The apparent biomass in the slope area increased from
12,200 ¢ in 1979 to approximately 40,000 t in 198) and 1982 (Table 3).
The total number of sablefish within the slope area sampled increased
from 5.6 million in 1979 to 18.0 million in 1981 and to approximately
21,5 million by 1982,



Table 3,--Apparent biomass and population estimates of sablefish an
the continantal slope during large-scale Northwest and
Alaska Fisheries Center surveys conducted in 1979, 1981,

and 1982.
Year Biomass Population
{t) {millions)
1979 12,200 5.6
1581 39,400 18,0
1982 40,100 21.5

Biolongical Characteristics of the 1977 Year-Class

Length and age data are not available for sablefish taken during survey
years 1971-77 because of inadequate sample sizes. As sablefish abun-
dance increased during later surveys, size and age structure samples
were collected. Scales were collected for aging sablefish in 1378 but
ware difficult to interpret. Otoliths were collected from later
surveys and were believed to produce more consistent and accurate age
readings.

Sablefish sampled in the comparative area during 1978 ranged in length
from 22-49 cm with an overall mean of 32.7 cm. Two size modes with
peaks at approximately 30 and 45 cm were apparent from the survey data
(Figure 5). The larger fish, about 40-49 cm, were primarily located
near the outer shelf in the 120-200 m depth zone, whereas smaller fish,
about 22-29 ¢m, were found in shallower waters (<120 m}. These two
size yroups were aged as age 1 and age 2 year old fish from the 1977
and 1976 year-classes. Age data indicated that the 1976 year-class
contributed approximately 60% of the sampled pepulation, while the
1977 year-class accounted for only about 35%. However, the length-
frequency data showing the major length mode at 30 cm strongly suggest
that the 1977 year-class predominated in catches. This discrepancy
was probabiy due to the unreliability of scales for aging sablefish,
especially younger fish.

The length distribution was unimodal in 1979 with the fish having a
mean size of 45 ¢cm and a length range of 34-58 cm. Age data (from
otoliths) show that age-2 fish (1977 year-class) comprised approxi-
mately 90% of the overall shelf population with age-3 fish contribut-
ing to the remainfng 10%.

The overall mean size of the sampled population of juveniles on the
shelf continued to increase to about 50.4 cm in 1980 and to 56 cm in
1981 with the 1977 year-class predominating. The decrease in popul a-
tion numbers between the 1980 and 1981 surveys, however, illustrates
that most of the sablefisnh of the 1977 year-class left the shelf area
following the summer of 1980.
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Figure 5,--Size and age composition of sablefish within the shelf com-
parative fishing area as shown by Northwest and Alaska
Fisheries Center research vessel data, 1978-82. Age
determinations for 1978 may be inaccurate due to differ-
ences in aging structures; scales were used in 1978, and
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Length and age data from continental slope waters in the eastern
Bering Sea illustrate, as did abundance estimates, the apparent
recruitment of the 1977 year-class to the adult population. This
recruitment appears to have started as early as 1979. Some fish

in the 40-50 cm length range were evident in the length distri-
bution of sablefish on the slope in 197¢ (Figure 6); this was the
size range of most of the juvenile sablefish on the shelf in 1979
(Figure 5). However, most of the 1977 year-class recruited to the
slope area after 1979 as shown by the major increase in population
numbers in 1981. This recruitment is assumed to have occurred
between the summers of 1980 and 1981 when most of the 1977 year-class
migrated off the shelf. Thus, as indicated earlier, recruitment to
the adult stock occurred at age-3 or -4, A high proportion of the
catches in slope waters in 1981 were age-4 fisn. Population numbers
on the slope in 1982 were similar in magnitude to thaose in 13981, and
although age data are not yet available, the 1982 population was prob-
ably predominated by age-5 fish of the 1977 year-class.
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Figure 6.-- Size and zge composition of sablefish along the continental
slope as shown by cocperative U.S.-Japan research vessel
surveys, 1979, 1981, and 1482.
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Discussion

The occurrence of only a single year-class of juvenile sablefish in

the eastern Bering Sea over a l2-year period reises questions about the
1ife history of the population in this region. The sizeable adult stock
in continental slope waters would logically suggest that repreduction
and other 1ife history stages occur within the eastern Bering Sea.
However, spawning adults and sablefish eggs have never been observed

in the eastern Bering Sea and only a few larvae had been taken in
ichthyoplankton surveys through the late 1970's (Waldron, 1981).

The apparent absence of some early 1ife history stages has led to a
hypothesis that the eastern Bering Sea population originates from
spawning in other areas such as the Aleutian Basin, the Aleutian
Islands area, or the Gulf of Alaska (Kodolov, 1968; Wespestad et al,
1878; Sasaki, 1982). These authors suggested that the cccurrence of
Tarvae in the eastern Bering Sea resulted from passive drift with
currents from these spawning areas.

The failure to observe eqgs and spawning adults, however, may also
simply result from the lack of sampling in time periods, areas, and
depths occupied by these 1ife history stages. As previcusly
mentioned, sablefish spawn in deep waters; their eggs may not be
available at the water depths usually sampled during ichthyaplankton
surveys,

Otner sources of data indicate that sablefish larvae may be more
prevaient in the eastern Bering Sea than was shown by data summarized
by Waldron (1981). More than 600 sablefish larvae were identified
from an ichthyoplankton survey conducted during June-August, 1979;
these larvae were widely distributed over the outer continental

shelf of the eastern Bering Sea {Walline, 1981). Post larval sable-
fish were found to be one of the most abundant juvenile sablefish
taken by a fine-mesh purse seine in surface waters north of the

Alaska Peninsula in 1968 (Hartt et al,, 1870). The appearance of

the 1977 year-ciass in survey catches was probably the result of

its relative high abundance compared to other year-classes present

in the eastern Bering Seas during the years surveyed. Evidence of the
presence of larvae and juveniles on & more frequent basis than pre-
viously thought would suggest that adults spawn in the eastern Bering
Sea proper or in nearby waters such as the Aleutian Basin, as hypothe-
sized by Kodolov (1968},

1t is apparent that sufficient evidence is not yet availabie to
adequately describe the 1ife history characteristics of eastern
Bering Sea sablefish., The information that is accumulating on the
Bering sea sablefish from recently expanded survey activities may
begin to provide a better understanding of this resource. The Far
Seas Fisheries Research Laboratory of Japan has extendad its annual
sablefish longline assessment surveys and tagging studies to the
eastern Bering 5ea, and cooperative surveys between this laboratory
and the NWAFC are alse providing information on the adult population.
As opportunities arise during special purpose surveys in the eastern
Bering Sea, it is recommended that efforts be made to sample the
sablefish population seasonally, collect maturity stage and other
biological information, and conduct tagging studies.
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Use of corrodible magnesium-alloy links
to standardize fishing time in sablefish traps

Harold H. Zenger, Jr.
Northwest and Alaska Fisheries Center
Seattle, Washington, U.S.A.

ABSTRACT

A small, inexpensive magnesium-alloy c¢ylinder is currently being used to
standardize fishing time n sablefish traps. These simple devices,
marketed as “timed float releases” dissolve in sea water at a rate con-
trolled primarily by temperature and alloy metal content,

Timed-release devices (THD) were tested in a temperature controlled

sea water bath to find a specific size that would dissolve in 24 hours
in the water temperatures anticipated at the survey sites. Dissclutian
time was directly related to temperature, and the 0,200-inch diameter
best fulfilled the requirements for a 24-hour period at the taryet
femperature of 4 degrees Celsius.

A double elastic loaded noose was developed to shut the tunnel opening.
The apparatus was armed by connecting the tunnel to the stretched elas-
tic wfth TRDs. When retracted, the nooses were pulled tightly shut,
ensuring against sablefish entering or escaping through the tunnel.

During the 1978 survey, 800 trap sets were made of f southeast Alaska.
Tined-release devices were used in all traps. Two hundred traps re-
mained soaking beyond the 24-hour standard but stopped fishing at the
proper time, As a result, 25% of the CPUE data collected during a 55-
day research cruise, which in this case would have been virtually use-
less, was rendered quantitatively reliable.

Introduction
Relatively small advances in technology semetimes cause the work of

fishermen and fisheries scientists to be less difficult and more
productive. A small, inexpensive magnesium-alloy cylinder with steel
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hooks in each end (Figure 1) has saved pot and trap fishermen the loss
of untold amounts of gear and catch by holding marker buoys and buoy
1ines submerged, safe from passing propellers and out of poachers’
sight., These simple devices, marketed as "timed float releases”, dis-
solve in seawater at a rate controlled primarily by temperature and
alloy metal centent. When the dissolution time has passed, the flocat
is released to the surface allowing the gear to be retrieved. In 1978,
scientists of the National Marine Fisheries Service (NMFS) adapted the
timed release devices (TRD) to make sablefish {Anoplopoma fimbria)
traps more reliable as fishery research tools,

Schematic sabiefish trap tunnt ogden snd srmed
with timad rebsase devices [1op view]
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Figure l.--Diagrams of sablefish trap tunnels, open and equipped with
timed release devices (TRD's) and closed with the nooses
pul Ted tight,
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Until 1978 management of southeast Alaska sablefish stocks had been
dependent on foreign catch per unit effort (CPUE) data, When forsign
longliners were excluded from fishing the waters off southeast Alaska
in mid-1978 under the provisions of the Magnuson Fishery Conservation
and Management Act of 1976 {MFCMA), a resource assessment program to
index the abundance of sablefish was implemented to replace the foreign
CPUE data base. The NMFS surveys rely on standard trap fishing methods
to make year-to-year comparisons of sablefish abundance., A 24-hour
period was considered an optimal fishing time for capturing sablefish
and for efficient use of vessel time.

When sablefish traps are fishing properly, fish are attracted to bait
and enter through a narrow, webbed tunnel. Catch does not increase
uniformly with lengthening soak time since the bait loses its effec-
tiveness; in some extreme cases, the number of fish inside may reach a
saturation point. Weather and vessel problems can prevent retrieval

of gear on schedule and result in lack of centrolled fishing time,
¥ariable fishing times between sets has an adverse effect on the con-
sistency of catch indices and increases the number of replicates needed
to fulfill standardized sampling needs.

TRD's were examined for their use in triggering the closure of the
sablefish traps after a standard fishing time.

Methods
Selection and testing of timed release devices

Timed release devices {TRD's) were tested in a temperature controlled
seda water bath to find a specific size that would dissolve in 24 haurs
in water temperatures anticipated at the survey sites. A wood frame
holding 10 TRD's at tensions of 7 lb., similar te those which would be
used when attached to the closing mechanisms, was used. Initially two
sizes of TRD's were tested at temperatures of 3.5%, 5.0°, and 6.5° C
and salinities of 33,3-33.5 9/00. Each test involved five TRD's of
0.184-inch diameter and five of 0.200-inch diameter.

Application of TRD's to tunnel closing devices

A rectangular sablefish trap has a webbed tunnel entrance at cne end.

A double elastic-1oaded noose was developed to shut the tunnel opening
(Figure 1). Thick monofilament fishing line was woven through the
meshes near the tunnel opening. Strong rubber bands were hung from two
opposing vertical supports near the apposite end of the trap, and the
nooses were attached directly to them., The apparatus was armed by
connecting the tunnel to the stretched rubber bands with TRD's, When a
single noose released, escapement of fish through the tunnel was
virtually impossible, although a determined fish might have entered.
With both nooses retracted, the tunnel closed tightly,

Results

Dissolution times of both sizes of TRD's were directly related to
temperature {Figure 2) and the 0.200-inch diameter size best fulfilled
the requirements for a 24-hour period at the target temperature of 4°C,
Test results suggested that dissolution times would vary by plus or
minus 1 hour giving an expected fishing time of 23-25% hours.
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Figure 2.--Relationships between dissolution time in hours and three
seawater temperatures for twe sizes of magnesium alloy
timed release devices (TRD's). The x's denote times for
0.184 inch diameter TRD's, +'s denote times for 0.200 inch
diameter, and o's denote mean dissolution times.

Subsequently, 10 other tests have been performed since 1978 to check
dissolution rates of other sizes and alloy compesitions, Apparent
differences n alloys caused variability in deterioration times.
Cylinders of equal diameters taken from two test sets gave deteriora-
tion times that differed by approximately 3 hours in one case. The
supplier reported that he had used different alloy rods to manufacture
each set.

During the 1978 sablefish abundance indexing survey, 800 trap sets were
made in the eastern Gulf of Alaska. Timed release devices were used in
all traps. Two hundred traps were not picked up on schedule due to bad
weather, but stopped fishing at the proper time. As a result, 25% of
the data collected during a 65-day research cruise, which would have
been virtually useless, were rendered quantitatively reliable and
directly comparable to the remainder of the data set. The estimated
cost to collect an equivalent amount of data was $30,000. By the end
of 1982, the NMFS had set an additional 8,000 sablefish traps, all
containing TRD's, at abundance indexing sites located from off south-
east Alaska southward to southern California.
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Conclusions

Magnesium timed release devices are an inexpensive means of standard-
izing fishing effort of rectangular sablefish traps. The double noose
is an effective closing mechanism that ensures against sablefish
entering or escaping through the tunnel, Continual use of TRD's during
the 5 year sablefish abundance index program has undoubtedly contrib-
uted to the quality and quantity of resource assessment data collected.

Potential users of TRO's shouid plan to test each batch purchased to
match the cylinder diameter to the temperature range in which they will
be used, There are significant variations between batches which were
attributed to differences in ailoy content. This problem may be
minimized by assuring that the same raw metal lot is used to manufac-
ture the entire TRD order and the test set.
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