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Introduction

The International Sablefish Symposium is the second in the Univesity of
Alaska's Lowell Wakefield Fisheries Symposia Series. The first in the
series was the International Symposium or the Genus Chionoecetes held in
May 1982.

The sablefish  Ano lo orna fimbria! is becoming commercially more
Inportant Ithough e ati o~y itti ia knout about ita biology 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
frve technical sessi ons . In addi tion, two workshops were held; one on
Stock Assessments of the Future and the other on the bleed for Future
Tagging Studies.

This proceeding,s includes the technical papers presented. An appendix
containina the summaries of the two workshops vrill be published as soon
as preparatior of the material is completed.







INanagernent strategies for the
sablefish fishery off the coast of Alaska

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

Sablefish off the coast of Alaska in the U. S. Fishery Conservation
lone �-20D miles! are managed under two groundfish fishery manage-
rsent plans  FMP! developed by the North Pacific Fishery Management
Council  Council!, and approved and implemented by the Secretary of
Commerce under the provisions of the Magnuson Fishery Conservation
and Management Act of 1976   16 U, S. C. LBOL et seq. !.

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

1. Promote conservation while providinq for the optimum 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 long-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
resources but not solely for economic pruposes.

3, Promote fair and equitable allocation of identified avail-
able resources in a manner such that no particular group
acquires an excessive share of the privileqes.

4. Base the plan on the best scientific information avail-
ab 1 e.



In this context, the term "optimum yield" is generally considered to
be a quota, which is 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 Maqnuson Act, it is defined in the FHPs
as an average, over a reasanable 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 f'our
objectives which the groundfish management strategies are to ful-
fill. In order of priority, they are:

1. Provide for rational and. optimal use, in a biological and
socioeconomic sense, of the reqion's fishery resources as a
whole;

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

3. Provide for the opportunity and orderly development of
domestic groundfish fisheries, consistent with �! and �!
above; and

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

Additionally, the Council has specified that in the Gulf 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.

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

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

uatas

The most important strategy in terms of its effect on the fishery
and resource is the establishment of quotas, or OY. Oue 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  EY! ta promote stock rebuild-
ing. Current EYs and OYs are shown in Table 1. This strategy is
desi gned to fulfill the broad goa'l of promoting conservation, and
the objective of promoting domestic fishery development.



Sabl cfish OYs are distr ibuted to specific areas of the Bering Sea-
North Pacific areas, Figure 1 sho~s 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 impr es-
sion that sablefish are not particularly migratory  Wespestad, et
al., 1978!, and that OYs for different areas would prevent over-
fishing on localized stocks by distributing fishinq 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  oreign fishery. The domestic
fishery has priority to the resource, 1'he domestic apportionment is
divided into fish caught by U.S. fishermen and processed by U.S.
processors  DAP! and fish caught by U. S. fishermen and processed by
foreign processors  JVP!. DAP has priority over JVP. In additon,
20% of the OY in the Gulf of Alaska and 104 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,
JVP, Reserves, and the allowable 'level of foreign fishing, TALFF.
There is no foreign fishing for sablefish in the East Yakutat and
Southeast. areas.

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 fishinc in all waters off Alaska.
Sablefish may be taken incidentally to other directed fishing by
foreiqn 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 Counci1 has written emergency closure authority
for conservation reasons into the FIHPs. This authority was used to
close the domestic sablefish fishery in the Southeast area in 1982
when the quota had been caught before the end of the fishing year
 January I 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. Nost of these apply to the
foreign trawl fisheries. All of them are designed to either control
the foreign incidental catch of prohibited species  Pacific halibut,
Tanner crab, king crab, salmoni ds! or to separate the U, S. and
foreign f'leets during the U.S. halibut or crab fisheries.

Only the prohibition on foreign fishing East of 14O~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 Mana ement Strate les

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

It is difficult to objectively assess the success of sablefish
management strategies i n 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 r emai ned 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. New 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
Sablefi sh Equi Iibri um Yield  EY! and Optimum Yield  QY!

OYArea

"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

Bering Sea
Aleutian Islands
Western Gulf of Alaska
Central Gulf of Alaska
West. Yakutat
East Yakutat
Southeast*

EY

4,200 mt
1,800
3,737
6,838
3,760

1,135-1,510
1,290-2,580

3,500 mt
1,500
2, 100
3,800
1,680

850-1,135
970-1,435



Table 2
Apportionment of Sablefish OY in 1983

OY OAP JVP Reserves TALFFArea

850-1
970-1

Source: North Pacific Fishery Management Council, l983

Table 3
Recent Foreign and U.S. Sablefish Harvests off Alaska  MT!

1977 1978 1979 1980 1981 1982
Bering Sea/

Aleutian
U. S.
Foreign
TOTAL

0 0 0 44 180 315
3826 1960 2170 2438 2955 2698
3826 1960 2170 2482 3135 3003

X U, S. 0 1.8 5.7 10.50 0

Gulf of Alaska
1676

15,446
17,122

2590 3344 3149 2547 2756
6350 5882 5193 7216 4817
8940 9226 8342 9763 7573

U. S.
Foreign
TOTAL

X U.S. 9.8 29. 0 36. 2 37. 7 26. 1 36. 4

Sources:

Resource Assessment Oocument for Bering Sea-Aleutian Islands Ground-
fish, unp1. manuscript, North Pacific Fishery Management Council,
July 1983

Nelson, R,, et al., 1983, "Summary of Provisional Foreign and Joint
Venture Groundfish Catches  metric Tons! in the Northeast. Pacific
Ocean and Bering Sea, 1982

Bering Sea
Aleutian Islands
Western Gulf of Alaska
Central Gulf of Alaska
West Yakutat
East Yakutat
Southeast

3 1

2 3 1
850-1
970-1

,500 mt
,500
,100
,800
,680
,135
,435

500 200 350
500 200 150
100 170 420

,000 220 760
530 0 336
135
435

2,450
650

1,410
1,820

814
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Overview of the fishery and management
strategy for sablefish  Arioplopoma 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 hfstory of the sableffsh ffshery off Canada, trends In
stock abundance as reflected by catch/effort data, and stock assessments
and management rationale are revl.ewed .

IntroductIon

The Importance of the sablef fsh fishery in the Canadl.an zone has
increased steadfly since 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 statistics, and management strategy for sablefish
off Canada. This report summarizes the current management strategy,
however, recent information on the biology, abundance, and stock
delineation of sableffsh may fndlcate that strategies should be
re- evaluated.

Methods

Material for this report was summarized from Department of Fisheries and
Oceans annual reports, Internatfonal North Pacfffc Fisheries Commission
statistfcal yearbooks, and groundfish stock assessment documents produced
by staff at the Pacffic Bfologfcal Statf on . Unpublished sources of data
are cited in the text or text tables.

Discussion

History of the Sableffsh Fishery in Canada

Earl hfstor  surrmrarized from Ketchen and Forrester 1954!. The first
fishery for sablefish in British Columbfa was carried out on a small
scale by the Indians of the Queen Charlotte Islands. However, because
sabfefish fnhabit deeper waters there was little Incentive for the
development of an extensive fishery,
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The first commercial fishery for sablefish in Canadian 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 1910 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 bvt declined in following years,
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 increased demand for food fish early in World War II.
I andings hit a peak of 1895 t in 1949 but abruptly dropped in subsequent
ye~rs with the development of synthet ic vitamin A in 1950  Table 1;
fig. 1!.

R t histo . f-rom 1951-1971 catches by Canadian fishermen in the
Canadian zone were fairly stable, averaging about 400 t/year  Tables 2
and 3! . It should be noted tiiat fish landed at British Columbia ports
may have been caught outside the Can,idian zone, It was not until 1951
that the portion of the catch made iri 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 saiiiefish off the Pacific coast of North America
did not start until the late 1960s wl<en Japan increased the size of its
distant water longline fleet. Tn 1968 the Japanese fleet began fishing
sablefish as a target species on an < xperimental basis, They increased
their effort substantially in 1969 arid ' 970 and the catch of 5142 t in
1970 was the largest made during their years in the Canadian zone
 Table 4!. The largest proportion or' their catch was taken off the Queen
Charlotte Islands. Total catch by tiie Japanese fleet fluctuated between
2900 t and 4700 t from 1971 to 1975 arid tapered off in following years,
due to self-imposed catch limits for the northeastern Pacific and the
quotas created by the declaration of a 200-mile fishery zone by Canada in
1977.

The USSR and the Republic of Korea  R.O.K.! also fished off the Pacific
coast of North America but to a lesser extent off British Columbia than
did Japan. There is little informat ion on catches made by the USSR prior
to 1973 but it is known that. they removed 6 and 65 t of sablefish
incidental to their trawl catches in 1973 and 1974, respectively
 Ketchen, 1977!. The R.O.K. was eng iged in a longline fishery targeting
on sablef ish from 1974 to 1977 and iri 1975 and 1976 was a stronq
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. It 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. 0uotas of 3000 t and 500 t were
allotted to Japan and the Republic of Korea, respectively. from 1978 to
the present. i.he TAC for the Canadian zone was reduced to 3500 t, with
Japan be i ng a llot ted ?200 t in 1978, 1 000 t in 1979, and 200 t in 1980 .
Since 1980, Japan has not fishe<i s*biefish in the Canadian zone.

14



landings in the Canadian zone, 1913-1950  roundTable 1. Sablefish
weiqht, tonnes!.a

Vancouver" CharlottecYear Total

aFishery Statistics of Canada, Converted from dressed weight
round weiqht by a factor of 1.5.

to

bListed as District 1 or South Coast and District 3 or Fraser.

cListed as District 2 or North Coast.

15

1913
1914
1915
1916
1917
1918
1919
"I920
192 1
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
194 1
1942
1943
1944
1945
1946
1947
1948
1949
1950

1013
446
743
774
843
727
786
406
343
578
610
729
746
337
280
208
206
348
208
396
342
403
319
348
277
591
844
734
411
346
364
691
290

1026
270

1011
609
450
408
452
6 i1
362
540
301
313
378
60

156
205
229
311
282
516
234
214
629
840
558
835
675
694

1208
559

1119
1204
358

1988
3209
244'!
4312
5956
2039

716
1754
1383
1293
1135
1238
1017
705

1118
911

1042
1124
397
436
413
435
659
490
912
576
617
948

I 188
835

1426
1519
1428
1619
891

1483
1895
648
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Table 2, Canadian sablefish catches, by
 round wt., netric tons!.a

gear, in the nVancouver" zone, 1951-1981

Gear type

OtherbLongline Trawl Trap

Year Wt. Wt. I Wt. Total

0.3

�.2!
�.3!

0.3
0.6

0.3 �.2!

353.4
161. 5
41. 5
47.6
68.9

239.5
409.8

1722.5
862.4

aCan. Dept. Fish., British Columbia Catch Statistics, 1951-1971  converted
fran dressed weight to round weight by a factor of 1.5!. Fish. Res. Board Can,
Catch and effort statistics of the Canadian groundfish fishery of the pacific
coast, 1972-1981.

bIncludes troll and handl inc.

cIncludes longl ine, handline, and others.
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1951 196.1  89,8!
1952 115.1 �8.3!
1953 129.4  94,6!
1954 '�3.7  80.8!
1955 115,5  89,3!
1956 48.3 �0.8!
1957 123,6 �4.8!
1958 78.6 �1.2!
1959 143.8 �2,5!
1960 208.9  80.9!
1961 198.1 �9,4!
1962 152.5 �4.4!
1963 64.5 �6,0!
1964 108.4 �1.6!
1965 54.0 �4.1!
1966 127.2 �5.9!
1967 55.7 �4.4!
1968 68.4 �5.9!
1969 18.2 �2.5!
1970 12.0 �4.8!
1971 14.6  8.1!
1972 100 3c �3,7!
1973 3.2 �.8!
1974 2.3 � .9!
1975 2.3 �.9!
1976 41.7 �3.3!
1977 27.3 �. 5!
1978 18.2 �.1!
1979 118.3 �7. 5!
1980 69.1 �.6!
1981 94.8  8.6!

21,8  9. 9!
31,3 �1.3!
6,3 �.6!

24.3 �8.9!
13. 9 �0. 7!

�9.2!
41.2 �5.0!

111.4 �8.4!
54.6 �7,5!
49.2 �9.1!
87,4 �0.6!
83.2 �5.1!
20.4 �4,0!
42.9 �8.4!
68,5 �5.9!

100.3 �4.1!
106,3 �5.6!
'122.3 �4.1!
126,8  87.3!
69.3  85 2!

166,7  91.9!
632.7  86.3!

50,9 �2 .5!
83.7 �3.6!

200.3  8'J.8!
zz4,8 �1.5!
688,4  87.1!
89,9 �5,4!

143,4 �1.2!
106.8 �.6!
140. 2 �2. 8!

0.5  o.z!
0.6 �.4!
1.1 �.8!

1.1 �. 5!

 86.7! Tr
�4.8! 1.8 �,7!
  16.9! 0.9 �.4!
�5.1! 0.1 �,1!
 8.7! 5.9 �.7!

�7.7! 6.4 �. 8!
�0.5! 6.0 �.9!
 90.6! 3.0 � 2!
�8.6!

2'i 8.4
147.0
136.8
128.3
129.4
79.4

165. 1
190.6
198.4
258. 1
285.5
236.8
84.9

151. 3
122. 5
227. 5
162.0
190. 7
145.3
81.3

181.3
733.0
407.5
249.3
245.0
314. 2
790. 5
354.0
677. 5

'f901.4
1097.4



in the "Charlotte" zone, 1951-1981Table 3. Canadian sebi.cfish catches, by
 round wt., metric tons!.a

Gear type

Trap DtherbLongline Trawl

TotalWt. % Wt.Wt.Year Wt,,

0,2 �.1!
0.1
0,3 �.1!
0.2 � .1!
0,1 �.{!

15.1 �.5!
0,3 �.2!
0. 5 �. 3!

�2.6!
�8.2!
{64.9!
�5.9!
�9.4! 0,9 �,3!
 83.0! 1.4 �.3!
{78.5!
�8.6!
 86.5!

392. 4
165.6
427.9
25!.8
145.7
395.1

1067.6
1488.3
2412.6

Can. 0ept. Fish. British Columbia Catch Statistics, 1951-1971  converted
from dressed might to round weight by a factor of 1.5!. Fisheries Research Board
of Canada Catch and effort statistics of the Canadian groundfish fishery of the
Peel f ic coast, 1972-1981.

blncludes troll, and sunken gillnet �968 only!.hand I inc,

'f951
1952
1953
1954
19! 5
1956
1957
1958
1959
1960
1961
1962
1963
1964
!965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981

576.7
338.1
206.2
328.6
243.5
124. 5
342.0
88.!

154.5
214.4
123.2
125.?
157.8
l66.1
139.2
198. 5
197.2
ZZ3.9
144. 1
130.1
108.4
299.4
116.6
39. 0

149. 9
47. 7
49.8
39,0

158.7
179.7
284.8

 99. 8!
 99.2!
 99. 2!
 99.4!
 99.8!
{'95.4!
 98,3!
 93.5!
 98.3!
 93.2!
{92.1!
 80.4!
�7.9!
�6.9!
�1.8!
�8.6!
 85.8!
 82.1!
 86.9!
�3.2!
 82 .7!
 84.3!
�1.6!
�6.1!
�7.7!
�0.4!
�6.9!
 8.2!

�1. 7!
 9.5!

�0.2!

1.3
2.7
1.7
2.1
0.6
6,0
5.9

2.7
15,7
10.6
30.5
44.5
82.7

193.4
209.4
32.6
33.7
21.4
47,2
22.7
55,8
31.7
38. 1
82.0

154, 2
98.3
40.4

133. 1
226. 7
92.9

�.2!
�.8!
�.8!
�.6!
�.2!
�.6!
�.7!
�.5!
�.7!
�.8!
�.9!

�9.6!
�2.0!
�3.1!
�8. 1!
�1.3!
�4.2!
�2.4!
�7.9!
�6.5!
�7. 3!
�5.7!
�.9!

�5.7!
�7.4!
�3.7!
�3.4!
 8.5!
 9.8!

�2,0!
�.3!

�8.0
340. 8
?07.9
330. 7
244.1
130. 5
347. 9
94.7

157.2
230. 1
133.8
155.7
207.!
248.4
332.9
408.1
229.9
272,7
16!.8
177.8
131.1
355. 2
540. 7
242.7
659.8
457.7
294.7
475,9

1359.4
1894.7
2790.3



Table 4. Sablefish catch  t! by nation  ali fishing gears! in IhPFC areas
"Vancouver" and "Charlotte", 1964-1981.

Cal- Canadaa 0.S.I~.b Japanc
endar
year Charl. Vane. Total Charl. Vane. Total Char . Vane, Total

1964 248
1965 333
1966 40I3
1967 Z30
1968 273
1969 166
1970 178
1971 131
1972 355
1973 541
1974 243
1975 660
1976 458
1977 29!
1978 476
1979 1359
1980 1895
1981 2790

R.0,V.,eU.S.S.R.eCal-
endar
year Char l. Vane. Total Charl, Vane. Total TOTAL

6
65

6
65 129

'1263
2335
186d

129
1056ZI�

aCanada Oept. Fisheries, B.C. Catch Statistics, 1965-197 , and Fish. Res.
Board Can. Catch and effort statistics of tne Canadian grovndfish Fishery of the
PaciFic coast �972-1981!.

bKetchen �977! until 1973, fran INPFC Statistical Yearbooks,
1974-1979 �979 preliminary! and fraII P!+C data series, 1980.
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1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981

151 399
123 456
Z28 636
162 392
191 464
145 311
81 259

181 312
733 1088
408 949
249 492
?45 905
314 772
791 1086
354 830
678 2037

1901 3796
1097 3887

40 43 83
40 52 92
39 56 95
49 16 65
29 36 65
26 17 43
21 83 104
11 150 161
19 563 582
20 62 82
33 194 227
12 529 541
25 448 473
42 529 571
Tr 948 948
17 1719 1236
10 307 407

164 10 '! 74
381 808 1189

1870 520 Z390
2533 2187 4720
3980 1162 5142
2180 870 3050
2784 1452 4236
2143 807 2950
2084 17S2 3866
3286 1416 4702
2628 866 3494
1818 1143 2961
1339 764 2103

1112d
199

4S?
54S
905

1646
2919
5074
5505
352 3
5906
3981
4779
7411
7074
4804
3881
4385
4402
3887



Table 4  cont'd!.

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

dBest estimate of catch using fishing log books plus observer
information. These figures diff'er f'rom prevfously publIshed estimates
 Ketchen 1980! as a result of a change in conversion rates.

eKetchen �977!,

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 halibut season
closed. As the halibut season was shortened over the years more boats
turned to sableffsh, particularly when they were allowed to retain
incidental catches of halibut after that season had closed. From 'f951 to
1972 longliners accounted f' or the largest portfon of domestic sablefish
landings, especially ln the "Charlotte" area  Table 3; Fig, 2!, In the
"Vancouver" area trawl landings surpassed landings by other gear types
from the mid-sixties until 1977  Table 2!.

In 1973, longline landings dropped sharply with the introduction of traps
to the fishery  Tables 2 and 3; Fig. 2!. The trap fishery has been most
successful off the west coast of the f!ueen Charlotte Islands, accounting
for about 70% of the sabfefish landinqs from that area from 1973 to
1981, In 1980 there were restriction" put on Canadian participation in
the halibut fishery in U.S. waters and this resulted in an increased
number of vessels landing sablefish and also some changes In gear f'rom
longline to trap. Since 1980, trap-caught sablefish have accounted for
approximately 80 to 90% of landings from both areas.

The increase in trawl. landings in the "Vancouver" area may be partly
attributed to a reduction in the minimum sfze limit. In 1945, a minimum
size limit of 5 lb. �.3 kg! dressed, head-on  approximately 63 cm FL!
was imposed for economic reasons and in 1948 it was awended to 4.5 lb.
�.0 kg! dressed, head-off  Ketchen and Forrester, 1954!. In 1965 the
minimum size was reduced to 2.5 lb. �.1 kg! dressed, head-off
 approxfmatefy 54 cm FL!. This regulation remained in ef'f'ect until
November 1970 when a large number of undersized sablefish were landed by
special permit to test a specialty mar'ket for small sableffsh. In Duly
'f972 the mfnfmum size regulation was waived for three months, on an
experimental basis, and there was a corresponding sharp increase ln trawl
landfngs of sablef fsh  Table 2!. A downward shift in the sizes of fish
landed was evident, as fish that would normally have been dfscarded were
kept  unpub. data!. In October 1972 the sfze Ifmft was reinstated and
has remained in effect since that time. In 1977 it was redefined as the
equivalent size of 4 lb. �.8 kg! round weight  approximately 55 cm FL!.

In 1981, lfcense lfmftatfon was implemented in an attempt to control
effort directed towards sablef fsh. There are currently 49 sablef'fsh or
"K" licenses fn the fishery of which 16 are longline and 31 are trap
vessels. Two licenses have not been identified by gear.
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Fig. 2. Percent catch of sabiefish by major gear type in the Canadian
fishery �951-1981! A. Charlotte zone and B, Vancouver zone.
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Trends in CPUE

~Ja an, Catch-per-unit-ef fort 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 contains an average of 40
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 ot 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 is closer to 6N; that Is the dressed, head-off
weight should be multiplied by 1.538. Reported total catches would
therefore be lower than actual total catches by approximately 15%. Of
course, if these conversion factors have not changed since the beginning
of the fishery, CPUE data will not be affected.

5000
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I

� I�
«I
D
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2000 O40�
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LLI

20 o1000

727068 76 78
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Fig. 3. Trends in catch and CUPE for the Janpanese longline fishery for
sablefish In Canadian waters �8'00' - 54'39'! 1968-1978!.

The use of 10-hachi units to measure fishing effort could misrepresent
eff'ort 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 redure the dependence on soak-time, however, a
boat-day unit ignores the problem of Increased etficiency by setting more
hachl per day or more hooks per hachi. Since the possibility of setting



more hachi per day is thought to have a greater effect than longer
nsoak-time" > effort calculated as 10-hachi 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 !; iFig. 3! show an initial decline fran 1968
to 1971 in CPUE from 0.261 t per 10-hachi to 0.162 t per 'l0-hachi. CPUE
then remained relatively steady from 1972 to 1976 ranging from 0.194 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,
 Xf a correction for the 1977 and 1978 catches for the discrepancy in
recovery rates is made, the drop in CPUF in 1977 is only 13% to 0,170 t
per 10-hachi.!

Table 5. Sablefish catch  t! and effort �0-hachi! statistics for
japanese longline fishery in Canadian waters �8'00'-54'30'N lat. !,
1968-78.

CPUE
 t/10-hachi!

Calendar'
year

Effort
 'f0-hachi!

Catch
 t!

1968-78
average 3,240 16,781 0.197

a1968-76 statistics from U.S, National Marine Fisheries Service
computer printouts.

b1977 and 1978 statistics from fishing log books .

cCatch and CPUE corrected for change in recovery rates reported by
observers on boar'd vessels.

A similar pattern of change in CPUE is seen in the gueen Charlotte
Islands-Dixon Entrance area, Sub-zone 5-5,  Table 6; Fig. 4!, where CPUE
declined fromm> 1968 to 1971 from 0.289 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-hachl and 0.202 t per 10-hachi. A drop 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 CPUE in 1978 to 0.162 t per
10-hach .
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1968a
1969
1970
1971
1972
1973
1974
1975
1976
1977b
1978

1,454
4,224
4,919
2,721
3, 491
2,585
3,527
4�33
3,209
2,982�,440!c
2�91�>405!c

5, 573
?2,412
72, 886
16,774
16, 831
12, 367
16, 765
?2 >807
16, 519
?0,2'60
13>396

0.261
0. 207
0.215
0.162
0.207
0.209
0. 210
0. 194
0. 194
0. 147 �. 170 ! c
0.167 �.180!c



Table 6. Sablefish catch  t! and effort �0-hachI! statistics for 3apanese
longline fishery in the Queen Charlotte Islands-Dixon Entrance area, Sub-zone
5-5 �2 00'-54 30'H Iat.!, 1968-78.

Siock with the largest catch
�33540!Total for Sub-zone 5-5

Catch Effort CPlK Catch Ef fort O'IE
Year  t! �0-hachi!  t/10-hachi!  t! �0-hachi!  t/10-hachi!

Calendar year.

b1968-76 data from U.S. Nat. Marine Pish. Serv. canputer printouts.

1977 and 1978 data fran japanese Iori books.

dOne log book unavailable, therefore, effort estimated.

Catch and effort in this block probably higher -- missing Information fran
one Iog book.

The pattern of catch and effort In 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. 4!. In the former areas CPUE is almost as
high between the years 1972 and 1976 as the initial high CPUEs in 1969
and 1970. However, there were low CPUEs in 1971 and in 1977. 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
fishery were unavailable until 1977 when a concerted attempt was made to
collect this information. The change from Canadian rectanguIar traps to
Korean conical traps around 1978 further complicated the situation in
that the change-over was so complete that we have very little inf'ormation
to standardize the two types of traps.
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'i968b 1,142
1969 1>490
1970 1>549
1971 1>472
1972 2,080
'f973 1,327
1974 1,151
1975 1 >610
1976 1,Z59
1977c 737
1978 555

3,954
6,650
7,229
8,164

10,284
6>589
5,875
8,284
6>850
5>246
3,424d

.289

.224

. 214

. 180

.202

.201

.196

.194

.184

.140

. 162

478
580
708
786

1 >221
752
694
935
717
377
219

'i, 532
Z>128
2,971
4,484
5 >996
3,731
3,559
4>759
4,098
2,743
1,363e

. 312

.273

.238

. 175

. 202

.195

.196

.175

.138

.161
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Fig. '5. Trends in catch and CPUE for the Canadian trap fishery for
sablef ish in Canadian waters, 1977-1982.

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 sImllar 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 �anuary to April! 'landing
statistics have been included for comparison  Table 10, Fig. 5! showing
the substantiat increases in catch made In thIs quarter since 1980. In
the Vancouver area both catch and CPUE declined by 50 and 30% in 1981
and 1982 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
catch and effort  Table 9!, in 1981 and 1982.
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In the Charlotte area, two major fishlnq grounds are monitored
 Table 10!. In Queen Charlotte Sound  Table 10, Fig. 6! landings
increased by approximately 71% in 1981 and 90% in 1982 from 1980 levels
as a result of an 85'4 increase in effort during these years. CPUE in
this area has remained relative!y constant  TabLe 10!, ranging from 14.0
to 18.5 kg/trap from 1977 to 1982. Off the west coast of the Queen
Charlotte Is!ands  Table 10, Fig. 6! landings increased by approximately
47% in 1981 and 1982 over the 1980 level, despite decl.ining effort
 Table 9, Fig. 6!. It ls 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 ln that area.

Review of Stock Assessments

American scientists in 1979 used two methods to tit the sablefish catch
and effort data from the Japanese longline fishery to a general
production model. They indicate from tagging 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 regions was
used. Their results for the longline fishery oft Canada produced a MSY
of 5,155 t/yr usinq the method of Fox �970! and a MSY of 5,800 t/yr
using the method of Rivard and Bledsoe �973, personal communication!
 Table 11!.

Initially, Canadian scient ists 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 regression of CPUE on the average
fishing effort over a number of preceding years  K!, which ideally should
be equal to the average lenqth of time an individual of a year-class is
vulnerable to the fisher'y  Gulland, 1961!; the second is a dynami.c,
stochastic version of the Schaefer model  Schnute, 1977!.

Using Gulland's �961! linear regression model., estimates of MSY using
catch-per-10-hachi and catch-per-boar,-day range between 3,200 and
4,100 t/yr  Table 11! . Results generated by the modified Schaefer model
produced estimates ranqing from 5,200 ro 6,200 t/yr.

An estimated total effort for all-nat ion catches for the whole coast was
calculated by applying the Japanese longline CPUE to all other catches of
sablefish  i.e., catches by d fferent qear types!. The results of
Gulland's Linear regression model using this estimated total effort in
both 10-hachi and boat-day units ranged from 4,600 to 4,800 t/yr.

Recent analysis using new aqe est]mates indicated that the range in MSY
may be great.ly reduced  Table 11!. Der so's �980! model produced an
estimate of 2,200 t/yr while preliminary analysis incorporting age and
fecundity data  unpvb,! gave a range of MSY of 3,200 to 4,000 t/yr.

ln summary, stock assessmcnts 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. Sunmary of estimated ranges of predicted MSY.

Msy  t/yr!

-Exponential surplus yield  asaming Gompertz
Growth function!

-Pella Tomlinson stock production model

American 5155

-Gulland's Linear Regression
 japanese Catch!

-Gulland's Linear Regression
 All-nation Catch!

-Schaeffer
-Deriso
-Sableflsh Oynawic Pool

Canadian
3200-4100

4600-4800
5200-6200
2200
3200-4000

Management

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

Fffective management of sablefish has been limited by a general lack of
biological information. As mentioned, recent evidence indicates the
quota may not be conservative. Hew ageing information has shown that
sablefish are much older than previously thought  Beamish and Chi lton,
1982!, with the majority ranging from 4-15 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. It is also
evident that strong year-classes are an important component of the stock
and that the fishery is supported by the;e strong year-classes  McFarlane
and Beamish a, this symposium!. It has been estimated that the biomass
of the strong 1977 year-class may be equ !I to the adult component of the
stock  McFarlane and Beamish b, this symposium! . The strategy for
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Biological information collected 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 concern that management to a tixed quota
generally results In an overrun of the quota. For example, during 1'980,
1981, and 1982 the quota was exceeded by approximately 500 t �4%!
annually. Also, fish captured by lost gear cannot be accounted for. At
present, we do not have an estimate of tne number of traps lost ann~ally,
however, reports from fishermen suggest that it is substantial.
Non-reporting is not considered to be serious, however, there may be a
smal I amount of sablefish caught which is not reported or which is not
included in the landings until after the quota has been reached. In view
of these concerns, it may be necessary to re-examine our management
strategies. In other words, although the quota may be sustainable, it
may be necessary to recommend lower quotas because of the lack of rigid
control over the actual landings.



exploiting strong year-classes has noL been developed, however, thc.
desirability of incrc ased I ishery pressiire <>n these year-classes, coupler!
with the cnnciir rent i»ere is< in r>x>rtal i tv of oilier year-classes, is
questionable. The pre.< nce of olcler f ish iii the popi>lat inn arid hence thi
longer reproduc t I vc life span may be itecessar y for maiataininq the stock,
particularly in times of poor environmental < uiidit ions.

Ta<3ging studies have shown that. Juvenile ! ish re>ring in the insid-
waters  Queen Char lot te Soiind, Hcc rte St rai >., and mainland inlets! move
northward into the United Stat<is zone otf Alaska  I!ea»ish and llcl ar l,>ne,
l.his volume!. If this nor thward movcm<:nt is» coastwidr phenomena in tli<
northeast pacif Ic Ocean,,is evidenced hy 'lra<rken �992! and Sasaki
�9F>2! > then a Can >dian fishery for ji vei>il<rs in these inside water�'.
would iml>act on the U.S. fishery ofl -'.Iaska, However, the intensive
f ishery for Juveni 1 e s hei nq conducted of I' the. co >sts nf I!ashingt on,
Oregon, and California c1c orlv I r>dicat es rh>t Lb<i mai>a<3ement st r ateqy i»
tliesr areas is to exp lo i t st r ong year-, I asst..s wheri tliey occur. This
Fisl>ery may he ser iously af feet Inq re< rtiltme»t to Lli< Canadian zone,
mak iriq it difficult tn ji>sLily c<>nser< at inii i>l' miqratiiry juveniles
rc. >ring iii the Canadian zone hut recrtil tiiiq ti> tl>e >I.S. f ishery.

Tliese tagging studies  Bcamish t>r>d Ili I ar i>ne, this volume! haxe
irlenti fied cliscrete stocks of adult s,>hi efi sli nf'f ar et>s suc:h as the
northwest. coast of Var>couver Island, U«neri bar lotte Soiiricl, the west
coast of the Queen Charlotte I~lands, as well, is ia ijor inlets. The major
riicr«itmeiit. to the~e stocks is from oiitside t.lie p,>rticiilar area  Beamish
aiid I'IcFar lar>c, this symposium! and ex<;ess i vr < f I or I iii these areas
witli<>til. i:<compensating recruitment may es«lt iii a lo<>el in<I depletio~. IF
mor>itorl ng pr<>grams indicate excess iv<. effort ar><I ri.<liicL io» in CI'UI in an

it will be necessary to set quo '.>s by tliscrete areas as
precaiitlnn,>r> measure,

In addition, sir>cks present off the wt st coast of' Lliii Qi>ee» Cliar lotto
Is!,>rids and in the Southr astern area >f .El isk,i liave a higher percentage
of interchange > lian other areas  lleami sh and IkcFarl aiie, this symposium! .
The qr<.at< r so >l.hward movement of ad«I t f I sh f rom the Soiitlieastern area
,» >y part i a I! y compensate for the nor l.iiward mov<"»cnt nF jiiveni I es.

In surnmar y, new aqe information indic >tes that. Llie time serie~ of catch
aiid effort dal a is not suf ficient to >liow the iise of general production
model linn. HI»logical characteristirs surh as lnnq< vl ty, st rong year-
classes, arid st<>ck boundaries have been ident!fied,>nd miist be considered
when <valt>atinq exploitation strateqi s. It appears that at present we
do not h,ive Llir required assessment tools for adeqiiatc m >na<3er»er>L of this
species, For this reasori, we recommend a very cons< rvat. Ive managemer>t
st r ategy iint. I I the imp li cat i ons of the new biol nqir:,>1 inf nrma Lion have
been ass<rsse<l and the responses of the stocks tn tlie f'ishery are more
clearly understood.

The review of the liistorical f ishery was compi i<id by Kathy liest,
.fr, ll. I e >man kindly reviewed the manuscript.
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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 p'Ian are:

 A! Promote the availability of quality seafood to the consumer.

 B! Promote ratianal and optimal use, in the biological, social and
economic senses, of the regions fishery resources as a whole,

 C! Provide a favorable climate for existing domestic commercial and
recreatianal groundfish fi sheries wi thin the limitations a f other
objective~ and gui deli nes . When change is necessary, i nsti tute
the regulati an which accomplishes the change while minimizing di s-
ruption of current damestic fishing practices, marketing proce-
dures, and envi ranment,

 D! Provide for the arderly development af domestic groundfish fish-
eries, including new fisheries cansistent with  B! and  C! above,
at the expense of foreign participation.

 E ! Provide for foreign parti ci pation in the fishery consi stent with
 B!,  C!, and  D! above, to take that portion of the optimum yield
nat utilized by domestic fisheries.

  F! Prevent over fi shi ng of stocks whi ch can be managed as a unit, i n-
cludi ng rebuilding those stocks which are now depleted.

 G! 14inimize gear conflicts among use~s .



 H! Recognizing the multispecies nature of the fishery, establish a
concept of managing by species and by gear, or hy groups of inter-
related species.

 I ! Attain an i n formati on flow an the status of the fi shery and the
fishery resource which a Ilows for in formed nranagernent decisions as
the fishery occurs,

Sent|ate i s

Strategies for the achieveoent of these objectives are presented in the
plan. The Paci fic Council 's managment. strategy contrasts sharply with
the North Pacific Council 's quota aianagement strategy and efforts to
replace foreign catch with domestic catch as discussed by Jeffrey
Povalny. No foreign fishing has been allowed for sablefish since 1976.
The Paci fic Caunci 1 is seeking alternatives to total cessation at' 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 speci tie management measure selected for sablefish
is a trip limit to be implemented when annual landings reach 95~ of the
OY, A trip limit rather than a total prahibi tian af 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 regulation allowed trawlers to continue fishing as long as they
shoveled over any sablefish in exress of the trip limit, but made set
gear fishing unprofitable for the remainder of the year. Trap Fisher-
men had na alternate fishery to turn ro and were very upset by what
seemed to them to be a clear act of favoritism ta trawlers. Many long-
line fishermen felt the same.

Some members of the Groundfish Task Group, formed at the Council' s
Oecember 1982 meeting,felt a quota or sea~on would have ta be along the
entire coast or fishing would continue in closed areas and be delivered
in adjacent open areas, and would shut down processing plants in closed
areas. The Pacific coast groundfish =ishery depends upon the fresh
fish market in which an interruption 'n supply results in a loss of
market. A five day per month clo~ure was suggested as a solution to
this interruption of supply problem biit management costs become too
hi gh with several short closures per rear. Some fishermen called for
extending the trip limit through March 1983 and beginning the fishing
year, for the purpose of accumulating landings, on April 1, 1983 so
there wou Id be a reduced chance of haring to institute a trip limit
during the fa11 when weather is sti 11 good. They hoped any trip limit
necessary wou'Id be instituted in the winter. This suggestion did nat
have enough suppart to be adopted but other measures were taken to re-
soIve complaints resulting from the 1982 trip limits,

Given the expanding sablefish markets, the knowledge that trawlers have
been ratching and dumping sablefish far aver 20 years for lack of mar-
kets, and the need to miiririi ze disruption of existiog fisherie~, the
. ask Group recommended that the council 's management strategy be carr-
posed of one or more of the following components; trip 1 imi ts set,such
that OY is not exceeded in the caIendrr year; a minimum size limit and/



The plan directs the teain to cortinuou; Iy monitor the fishery and re-
port to the council whenever informatiiin avai 1 able indi cates a change
in harvest guidelines is needed to mee' plan objectives. The team is
to base recommended adjustments to OY;n the same points of concern
used to base recommendations for restrictions on the harvest of non OY
species. These points of concern are:

1. Exploitable biomass or spawning bi >mass is below a 'level expected
to produce M5Y fur the species/spe.ies complex under consideration;

Z. Recruitment is substantially below replacement level;

3. Fishing mortality rate exceeds tha- required to take ABC for the
ca'Iendar year;

4. Catch for the ca'Iendar year is projected to exceed the best current
estiniate of ABC; or

5. Any other abnormality in the biological characteristics of the
species/species complex is discove-ed, such ns changes in age
composition, size composition and ,ige at maturity.

The teain will recommend the management measure that will both relieve
the stress and achi eve the plan objectives if it deternii des that the
identif'ied point of concern truly indicates biological stress,

The total coastwide OY was set at 13,4i� mt when the groundfish plan
was adopted based on 1977 NMF5 rock fis'i survey data irdicating a sable-
fish biomass of 15,200 mt in water sha'lower than 250 fms. Distribu-
tional studies  Alverson et al,, 1964 .ind Low, 1977! indicated 75T of
the exploitable biomass lies deeper ihin Z50 fins. This adjustinent pro-
duces a total biomass estin;ate of 60,8ilO mt. Rn instantaneous natural
mortality rate of .2Z was accepted and applied to the formula MSY = MB
produced the I3,400 iiit estimate. The !lan warns the reader that the
survey was noi. desi gned to sainple sabl;fish but this is the best avail-
able estimate.,he plan calls for ann,al adjustirents and perini ts ad-
,justments at any tive. The council i»a i r ai se the OY by 30' .each year
and they did raise the 1982 0Y to 17,4'.0 mt at the December 1982 ineet-
ing, causing some to jokingly suggest that the Council 's strategy was
to keep the OY greater than the expect d domestic annual harvest.
There is no lower 'limit to an OY adjus rment. R separate OY o I 2,500 mt,
that is par t of the total OY, was esta>1isherl for Monterey Bay because
of ~evere declines in CP!OE and size o< fish landed. This OY wis not.
increased,
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or an incidental catch limit of small ablef
on the younger fish. The Council sele ted a
ance of sablefish less than 2Z inches .otal
ception as the method that would cause the 1
f',sheries. A 22 irich size limit, is exoected
Rn incidental catch allowance of short fish
discards while discouraging targeting in sr!a
land up to 333 fish, one thousand pour is or
the sablefish aboa rd. It is hoped tha this
landings sufficiently to eliriinate the need
of the season and more evenly balance '>etwee
fishermen the burden for keeping landi-igs wi

ish to discourage targeting
n incidental catch allow-
length north of Point Con-
east disruption of existing

to reduce trawl landings .
is expected to min',mize

sablefish. Boats may
ten percen t by wei ght of
size limit will reduce

for a trip limit at the end
n trawlers and set gear
:hin the OY.



S eculations on Status of Stock

There is 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 in the Monterey area where MSY was exceeded that MSY can't be
est1mated with any precision, I expect the MSY of grounds fished pri-
mari ly from Monterey Bay ports to be near 'l,000 mt per year and near
20,000 mt in the Washington to Cali for nia region i f sablefish densities
are similar coast wide. The current OY is very close to this range.
Annual increases of 305 are too great for precise estimation of MSY
before it is severely exceeded. Annual increases, SX 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 f1ve, an abnor-
mality in biological characteristics as change in age or s1ze 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.

Introduction

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 tne historic Alaskan catch and effort information exists as
loose notes that have been accumulated over time and it is impossible
to assign credit to ihe 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
annua'I harvests did not exceed 200 tons until 1916. In 1916, the
market name was changed from blackcod to sab1efish 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 until
1935. Fluctuations were apparently related to market demand for fish
and fish liver for Yitamin A manufactu.e during the war years.

The harvest fluctuated wildly after l947 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 1931-1935,
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Gear

Until 1948 sablefish were fished witn conventional halibut gear modi-
fied slightly to fish deep water. Thi. first inovation in the fishery
occurred in 1948 when a vessel named .ne Wolverine introduced smaller
hOOks plaCed at 9-fOOt intervalS rathehr the 13- 18-fOOt SpaCing Of
halibut gear. A temporary increase iii catch per skate was noted in
both inside and outside fisheries after that introd~ction.

In recent years hooks as smalI as 6/0 spaced at 3-foot interva'ls are
being used, Several automated systems have entered the fishery since
1979.

Pot gear was first allowed in 1970 an I by 1973 a fairly large fishery
was established in the southern insidt area and Dixon Entrance. That
gear type averaged over 33K of the to'.al harvest from 1973-!975. Since
1979 pot gear has been responsible fo less than 5,. of the total har-
vest,

Southeastern Alaska has historically seen 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
!HPFC area extends from 137' W. longitude to 147' W. longitude. Adult
SablefiSh are generally fished in depthS greater than 200 fathamS and
so most offshore catches are beyond three miles, outside of state
jurisdiction.

Southeastern Alaska is further separated into management districts,
numbered progressive1y from 1 through 16 from south to 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 Islard. The northern inside area
includes di stri cts 9- 15 excluding sections 13A and B along the outer
coasts of Baranof and Chichigof Islands.

Fishe~rMonito in

Vessel logs were maintained in the sablefish fishery starting in 1932.
Data was collected and summa ized by the Fish and Wildlife Service
through 1949 and tnen transferred to the Alaska Territorial Fisheries
Board in 1950.

In the inside fishery which up to tnat time was generally 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 effart  CPUE! in the OutSide area Off SOutheaSt-
ern fluctuated more, possibly in response to the more sporadic fishery
in that area, but still a general declining trend in pounds per skate
was observed.



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 935 to 6.3 pounds in
1946 was observed. Data from the outside fishery is not as complete,
but average weight declined from 7.3 Iounds in 'l935 to 6. 5 pounds by
I946.

ccur red froin 1960 to 1978 wnen
Fisheries Service  NMFS! and

n  ALFA! to introduce a coopera-
voluntary and returns were not

produced I i tt ie useful iraterla I.

~Re 1at101S

Regulations nave had an impact on the Alaskan sal .cfish fisner y arid a
regulation review is necessary to ful ly uncierstaiid tnc fisnery.

The first regulations were imposed in 1945. A memo discussing man~ge-
inent action from I .N. Kol leen of Fish and Wi 1dlife Ser vice, dated
Apri I 10, 1950 ci ted a 55 decline in pounds pier skate between 1937
and 1944 and a decline in average weic,ht from 8 I>ounds in 1934 to 6.5
pounds by 1944 as justification for s ortening tne season in 1945 to
decrease fishing intensity. Further 3ustification was given: To
"afford protection to the stocks durirg the winter spawning period"
arid to " reduce tne destruction of halibut taken inadvertantly on
sablefish gear during the early spring peri id", the 1945 seasoii was
shortened by 2.5 months with a closure imposed for aII areas from
December 1st of one year until I'Iarcn 15th of the next year. It is
unclear from the memo whether the action went into effect in December
1944 or December 1945.

The closed period was extended until May I .in t.ne 1947 season. Al-
though that action called for a tour vonth closure in reality it
effected a longer closure. Since the May 1 sablefish opening was
concurrent wi tn halibut openings at tI'.at time and the same f Ieet was
involved in botri fisheries, the directed sablefisn fishery did not
start until after the Area 11 halibut closure. This restricted the
fisnery to the su   n er and fall seasons. It was noted tnat the inci-
dental catch of halibut declined significantly as a result of this
~ction, but the catch per skate of satlefish continued to decline.

Tne December 1 to May 1 closure reniained in effect for all districts
through 1962 when additional restrictions were imposed. In that year
all waters of northern Southeastern ircluding the outer coast of
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No monitoring of fisnery performance c
an attempt. was made by National Marine
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ea fishery, data from the off-
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data does indicate that declines
tinued to date.



Baranof and Chichigof were open only f'ram August 15 to October 15.
Those regulations remained in effect until '1970 when the northern
Southeastern season changed to September 15 through November l5 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',r. by weight of each landing in 1968.

In 1972, the closures were relaxed sonewhat and in the northern area
the season was extended by 15 days, to September 1 through November 15.
All other districts were open from April 1 through Decetnber 30. The
season was the same in 1973, however, a quota of 1,000,000 was adopted
for the northern area and the season was to be closed if the quota was
reached prior to the November 16 closing 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 to
November 15. Tne 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 far Other SpeCieS. In 1979 the nOrthern area quOta WaS
reduced to 850,000 pounds to reflect the removai of the outer coast
from tne quota area,

Guideline harvest ranges were establi;hed for both the southern and
northern areas in 1980. The northern area range was 500,000 to
900,000 pounds and the southern area range was 125,000 to 500,000
po~nds. These ranges were established by computing average annual
harvest over the previous ten years and allowing two standard devia-
tions from the mean ta 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 requi red to register within 72 hours of the
start of fisning operations,

Minor changes were introduCed in 1982 including lowering the lower end
Of the northern area guideline harvest level from 500,000 ro 300,000
pounds and the restriction of the area north of Cape Addington to
longline gear,

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

The Fish and Wildlife Service and Alaska Territaria'I Board of Fisheries
had control of fisheries regulations until statehood, Tne regulations
in place in 1959 were continued by the Alaska llaard of Fisheries. Al-
though the offshore quota did not technically apply to waters beyond
three miles, very little fishing occurred prior to the May 1 opening
and less than l50 m.t. round weight cummulative harvest was reported
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landed prior to May 1 for all ~ears from 1969 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 did not become an important issue
until the passage of the Magnuson Fisheries Conservation and Management
Act  MFCMA! in 1 976. 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-GiIInei Association 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 yea> s. Tnat closure was enforced
by a Federal regulation in 1979.

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

It is apparent that over time regulations have had a significant impact
on the U.S. harvest of sablefish in the Southeastern area and wi!1
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, L1p until the mid-1940's most of the U.S. sablefish
harvest came from the inside northern area. After 1940 ca tch 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, 58% of the harvest was from outside areas.
With decli nina 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 sa'Imon fishery or expanding king crab
fishery. By the time the market. recovered 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. i ndi cati ng that stocks had
not recovered during the four years of low harvest, or were bei ng
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 tne South-
eastern area, but that some fishing occurred as far west as Middleton
Island as early as the 1920's.

From 1973 through 1975, 33K 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. 481 of tne total U.S. Eastern Gulf
harvest, was from the offshore Southeastern area, 26-' fram trie Takutat
area, 929~ from the northern inside arEa and 7l'i from trie southern
inside area,

Im act of Farci n Fish~in

Canadian fishery.

Tne first foreign fishery to enter Al skan waters was the Canadian
longline fishery which reported landirgs off Southeastern Alaska as
early as the late 'l920's.

For me period between 195I and 1953 '.ne Canadiari catch from South-
eastern Alaskan waters averaged approximately 45'- ot annual Canadian
landings ',Ketchen II Forrester, 1954!, or about 600 m,t. per year,

A tnougn C~iuidian effort was reported as far west as Middleton Island,
most of tne etiart was restricted to .ne Southeastern area and in 1951
and 1952 IPHC statistical area 16 off Cape Orriiiiariey yii.1ded the largest
catch of ~an area f ished by Canada. he CPJE or 6 Southeastern Alaska
was aIso tnc- r,igne-t in rhe Canadian isnery  Ketchun 5 Forrester, 1954!.

Canadian c~tcri uat.: from Alaska is la king betweari ',953 arid 1969.
However, by 1969 trie Caru dian fishery in Alaska declined and the
harvest averaged less than 25 ni.t, be:weer; 1969 and 1978, thc last
year Of Canadian harvest In Al<i ka.. It is assured tnat in thr later
years of tne fishery masi. af tne land'ngs were incidental ta I.ne
ha'Iibut fishery rather than a direc ei effort,

Japanese fisnery.

The Japanese longline fishery entered Southeastern A1aska in 1968 and
over 6349 m,t. were harvested that first year. The fishery peaked in
1972 at 9301 m.t. and then began to oec.linc. Tne average annual harvest
far the 10 years of the Japanese fishery off Soutneastern exceeded
6350 m. t. Tne 1 977 narvest was less than 60'. ot the 10 year aver age.

U.S. fisneriiien were being regulated because of observed declines in
CPUE at average harvests of less than 2000 m.t. between 1945 and 1965
and could not compete effectively with the intense year-round effort
of the Japanese high seas fleet. Caradian effort in Alaskan waters
after 1969 may have been effected by the Japanese fishery as well.

5urriri~ia r

The sablefi sh fishery is one of the c ldest. in the State. It nas been
impacted by markets, declining Stock abundance, regulations and the
presence of toreign fleets in or adJtcent ra areas of harvest,

The fishery is again expanding and s nce 1979 has approached historic
levels. Recent landings in Seward arid Kodiak are encouraging and slow



but steady expansion of the U.S. fishery into other areas is expected.
The rate of expansion wi11 depend on the same factors that have influ-
enced the fishery in the past.
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Introduction

A well defined relationship among age, length, and weight is a pre-
requisite for accurately determining optimal yield and for understand-
ing the life history strategy of the Gulf of Alaska sablefish popula-
tion. Early attetipts 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 ar 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 inc.luded explicit
growth submodels, but have been hampered by the lack of available data
from the Gulf of Alas ka area for estirrating the parameters of the
growth models.

Early 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
shortl ived species. Recently, Beami sh and Chi lton   1982 ! r eported a
considerably different impression of sablefish growth using the "break-
and-burn. otolith reading technique. They describe a species with
very rapid initial growth, but very slow growth upon reaching maturity,
with many members of the population survivirrg 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 sust~ined basis. They also



point to a radically different life 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 varred widely
among sablefish growth studies so that observed differences in growth
among areas could be attributed to differences in aging technique as
well as actual difference in growth. Preliminary results af this study
of growth of sablefish in Southeasterr Alaska were previously reported
in Bracken �981!.

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 length and were aged with surface reading techniques, An
allometric growth model was fit to lag-transformed lengths-at-age using
least squares regression. An investigation of the effects of the

'I' ~ '

Figure 1. Sablefish otolith collection sites in Southeastern Alaska.
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logarithmic transformation showed that the assumptions required for
least squares procedures were satisfied by the Iog-transformed data.
The lag-transformed a'Ilometric model f'it the data as we ll as the von
Bertalanffy madel in most cases and was used for comparing growth
curves because of its simple, linear form.

Sablefi sh length-at-age data from northern British Columbian waters
were also examined and compared ta t.he data from Southeastern Alaska.
The methods used to collect these data are described in Beamish and
Chi lton   1982 !. Data from the sample sites described as "west coast of
the queen Charlotte Islands" and "inlets east af 0ueen Charlotte Sound"
in Beamish and Chilton   1982! are pooled together and are referred to
as "northern British Columbia.a These samples are pooled together to
approximate the spatial variation in sablefish growth in all northern
British Columbian waters. Beamish and Chilton �982! describe the
otolith abreak-and-burn" technique used to determine the ages of these
specimens.

Results

Uariation in growth among sites within Southeastern Alaska.

Adult sablefish captured at Chatham Strait site A, Chatham Strait site
8, and at the Behm Canal site were compared for differences in growth.
The sample of sablefish fram Auke Bay consisted only of smaller juve-
niles and could not be directly compared with samples from the other
sites. Analysis of covariance  ANCOUA! techniques were used to compare
growth data from the three sites using the linear, log-transformed
allometric model. Variances among the three sites were not found to be
heteroscedastic far males or females, using Barlett's test of
homogeneity af variance. For male sablefish there is na significant
difference in slope  parameter b of the allometric model! of log-
transformed allometric models fitted independently through the growth
data fram the three sites  Figure 2!. Intercepts  parameter a of the
allametric model'J are significantly different  p < .005!. Growth was
fastest at the Behm Canal site and slowest at Chatham Strait site A.

For fernale sabiefish there was also no significant difference in the
slopes af the three independent regressions  Figure 3!. Intercepts
were significantly different  p < .005!. As for males, arowth was
fastest at the Behm Canal site and slowest at Chatham Strait site A.

Chathaa Strait IS Iaa I: II = .2lOCCI I a 3.6643
C 6 5 1 rs I 1 HI 261621 I 4 3 4666

63
I�
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LOG I IIGE I

Figure 2. Log-transformed allometric growth models fit to male
sablefish length-at-age data from sites within Southeastern 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 atnOunt Of variability fOund
atnOng the Satnple SiteS in SOutheaStern A'laSka iS aSSumed tO apprOXimate
the magnitude Of the VarianCe COmpOnent amang all sites Within narthern
British Columbia. Variances 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 log-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 fitted models are shown for
males and females in Figures 6 and 7 respectively. The Southeastern
Alaskan data clearly describes much 5'Iower 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 two 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.

Chattrar 5!r a� is!We 	! v .�.,27�laI + .570!
.2624frr! + 3.52�

!t = . 32!
 Irr! + 3. 4321
I�

LLI

LB
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LOG! AG'=!

Figure 3. Log-transformed al1ometric growth models fit to female
sab'!cfish length-at-aqe data from sites within Southeastern Alaska.
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Figure 4. Log-transformed allometric models comparing male sablefish
growth in Southeastern A! a;I a and northern British Columbia.
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Figure 5. Log-transformed al1ometric rrlodel s corrlparing 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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Figure 7. Comparison of length-at-age observations and fitted allo-
metric models for northern British Cclumbia and Southeastern Alaska
female 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 ta 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 i s often desirable for simplicity in model-
ing applicatians, 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. It is
nat 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 ditferences in aging technique
or to actual differences in growth in the two areas. The fact that the
differences among sites within Southeastern Alaska were relatively
minor, though signifirant, should imply that similar relatively minor
differences in growth would be expected between Southeastern Alaska and
northern British Colu~bia. Analysis of growth from following length-
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  Beami sh and Chi lton, 1982 !,
However, the surface-read data from Southeastern Alaska also 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 annuli could have counted, one at
the focus and one at the outside edge of the otolith. Adjusting the
Southeastern Alaskan ages downward by twa years brings the fitted
growth curve much closer ta 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 nor'them British Columbia. The ob-
served differences could also be due to actua1 differences in growth
rate between the sizes. Double reading of otoliths using both aging
techniques on the same atolith 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.

Sandy hicFarlane of the Pacific Biological Station, Canada Department of
Fisheries and Oceans, graciously provided sablefish growth data from
northern British Columbia, Ruth Mandapat of the Washington Department
of Fisheries Aging Laboratory read the Southeastern Alaskan otoliths.
Phil Rigby danated vesse1 time far capturing the Auke Bay sample of
juvenile sab'lefish.
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Biology of adult sablefish  Anoplopoma
fimbria! in waters off western Canada

Gordon A. McFarlane
Richard J. Beamish

Department of Fisheries and Oceans
NanairnO, BritiSh COltimbia, Canada

Abstract

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

Spawning takes place at depths greater than 300 m and no appreciable
spawning migration occurs. I ength and age at 50% maturity Is
approximately 58 cm and age 5 for females and 52 cm and age 5 for males.
Sex ratio of the catch appeared biased and varied between areas, however,
for all areas combined the male:female ratio was 1:3 durinq the spawning
season and 1:1,5 durinq al I other sampLing periods.

in Canadian waters sahlefish fed predominately on rockfish, PacifIc
herring and squid. A very preliminary estimate of biomass using the
tag-recapture data was approximately 37,000 t,

Growth curves, expressed in terms of the von Bertalanf fy equation, show
that qrowth is similar between areas. However, differences In size and
sex ratio may indicate the presence of discrete stocks of slower growinq
Fish. In all areas, less than 10% of the males and greater than 55% of
the femaies are larqer than 70 cm. There was considerable variation
between and within areas and years and average size in the fishery varies
dependinq on capture loration and sex ratio,

Ihean annual qrowth of mature fish ranged from 0 .17-0 .26 cm for males and
0.55-0.66 cm for females. Corroboration was obtained from recaptured
taqqed sablefish.

No size seqregat.ion by depth interval for adult sablefish has been
observed ln the Canadian zone. The majority of fish In the fishery ranqe
from 4 to 35 years of aqe, however, some sablefish reach an age of
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!! yr. Growth of males was reduced before that of females and both males
and females continued to live for long periods during which little growth
occurred. The importance of lonqevity remains to be determined, however,
it may be an adaptive feature for maintaining the population,
part.icularly in times of unfavorable environmental conditions.

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 ln the Canadian zone.

Introduction

Sablefish have been exploited off Canada since the late nineteenth
century, however, intensive exploitation did not occur until the late
1960s when the japanese fished off the Canadian coast outside of Canada's
12-mLLe 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 mLles �977!, responsibility fcr management of the resource and
interest by the domestic fleet resulted ln increased research effort
being alLocated to sablefish, This report summarizes our current
knowledge of the biology of adult sab!cfish in the Canadian zone
 Fig. 1!,

Methods

Material for this report was assembled from research studies conducted by
the Pacific Biological Station between 1977 and 1982, and 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 Ln Beamish et al.
�978, 1979, 1980, 1983!. Representat ive lots of sablefish were sampled
for length, sex, maturity, weight and age determination. Stomach
contents were examined from sablefish captured in sunken gill nets in
1979 and trawl nets in 1980. Sableflsh were measured for fork length to
the nearest centimeter, and beqinninq in 1980 measured to the nearest
millimeter.

Age was determined from broken, polished and burnt olollths as described
by Beamish and Chilton �982!. Growth was assessed from otolith readinqs
and Length increments of recaptured t~gged sablefish,

Tag release and recapture data were used to estimate the biomass of the
fishable sablefish in waters of f the west coast of the Queen Charlotte
Islands, the west coast of Vancouver Tsland and Queen Charlotte Sound.
The procedure makes vse of an adaptation to the simple Petersen method.
Only sablefish measuring 
5 cm in length at the time of tagging and
released from domestic trap vessels were considered. Sableflsh injected
with oxytetracycline were excluded to eliminate biases in populatIon
estimates that would have resulted from unnaturally high mortality rates
in injected fish  Beamish et al., 1979!. Population estimates were not
calculated for the year of release to allow time for tagged sahlefish to
mix wit.h the untagged stock components. Tag releases during Duly 1977,
May-brune 1978 and tune 1979 and recoveries to December 31, 1981 were used
in the analysis of the stock off the west coast of the Queen Charlotte



Islands. Off the west coast of Vancouver Island only releases fran
1979-'1980 were considered. During 1979, tag releases were concentrated
off the southwest coast and in 1980 off the nort;hwest coast of the
Island. Estimates were calculated separately and combined f' or the two
areas. For Queen Charlotte Sound, releases during March 198D and
subsequent recaptures to December 1981 were used in the est,lmates.

54'

52'

50'

48 135 130
125

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 recoveries 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 followinq taqginq.

Two estimates of annual survival were calculated, one fram taq
release-recovery data and the other from age composition 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 �970! and Robson and Young �971!. 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 regression of the descending right ll.mh of the catch curve
from data collected from the commercial trap fishery.

The estimate of annual survival rate calculated from the catch curve was
based on aqe data colLected for sablefish prior to the more recent high
levels of exploitation. In the ahsence of fishing mortality, estimates
of annual survival calculated from tag release-recovery data closely
approximated the survival rate estimated from the slope of the catch
curve. Non-reporting and tagging mort,>llty are considered to be low.
Fishermen were extremely cooperative and as captured fish are handled
individually any tagged fish is likely to be reported alonq with accurate
recovery InformatIon. Tagging mortality was considered low and was
assumed to occur Inm>ediately followlnq tagging.

Rate of emigration was calculated from domestic trap recoveries within
Canadian waters. Recoveries were grouped hy year and recapture area.
Recoveries were standardized by Fishlnq effort. The rate of emlqration
was calculated by dividing the number of taq recoveries Fr om areas other
than the release area by the total number of standardired recoveries.

Numbers of sablefish were estimated by dividing the annual landed catch
by the mean weight of sablefish in the commercial catch. The mean weiqht
per fish was estimated from the length-weIght relationship, Wt kg! = 1.4
x 10 L cm! 3 ~ 50 5 and calculated for length frequency data collected
during the tagging cruises.

Results and Discussion

Geographical distribution

Adult sablefish range alonq the Pacific coast of North America, from
northern Mexico to the Gulf of Alaska,>nd Aleutian Islands and along the
edge of the continental shelf ln the Berlnq Sea to the coasts of Siberia,
Kamchatka and northern Dapan. The largest concentrations are found in
the Gulf of Alaska between Oueen Charlotte Sound and the Shvmagln Islands
 Low et al., 1976!. Buvenlle sableflsh are generally located in shal.low
inshore waters at depths �00 m.

Adult sahlefish are abundant along the entire west coast of British
Columbia at depths exceeding 200 m. T >gqing studies  Beamlsh and
McFarlane, this symposium! indicate that most adult sahlefish are
recovered close to the release area, As of December 31, 1981, 88.7% of
the 6,337 recoveries were made within 200 km of the release area. There
was substantial movement by a small numl>er of Fish  Beamlsh and
McF arlane, this symposium! .

Sahleflsh are also present on scamovnts. An exploratory longl! ne set
made Dune 3, 1979 on Bowie seamount  unpuh. data! indicated that
sablefish were present bvt not in appreciable quant.Lties. A total of 294
hooks were set between 256-457 m and of the 38 fish captured, 14 �7%!
were sahlefish. Commercial catches by Japanese longline vessels flshinq
in 1973 and 1977 on Bowie seamount  U.S. Nat. Mar, Fish. Serv. computer
printouts-SM762! indicated that catch per unit ef fort  CP% ! of 0.'l2 t/10
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hachi in 1977 and 0.20 t/10 hachi in 1973 were similar to Cplk values
obtained by japanese longliners f'lshing the more traditional grounds
�.14 t/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  NOAA,
1979! .

Bathymetric distribution

A summary of connnercial trap catches off the west coast 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. Catches were consistently high between 600-800 m. Catches
increased in deeper waters  >800 m! during sunEner and fall, probably a
ref lection of cessation of spawning  Nason et al,, this symposium! .

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

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

Sept-DecaDan-Apr Hay-Aug

Total Kg/trap Total Kg/trap Total Kg/trap
catch   t!  mean! catch   t!  mean! catch   t!  mean!Year Depth  m!

0.3
10
14
23
16

1979 0- 199
200-399
400-599
600-799

800-1830

0
0

24
'17
20

0
4

15
19
19

0
0

33.2
113.5

16. 8

0 2.8
1' 7

331.9
23 1.4

0.02
21.7
65.7

139.3
252.5

0
4.2

163.1
370.7
330.0

0
72.3

242.0
105.7
348.6

0 5
6

19
14

0
29
13

19 9

1980 0-199
200-399
400-599
600-799

800-1830

0 3.7
76.9

293 7
116.6

0
98,6

127.6
105�. 5

91.0

0 9
13
17
18

0
235.5
304.8
57 1.8
395. 3

0
13
10
13
16

1981 0-199
200-399
400-599
600-799

HOO-1830

0 7,5
410. 2
206,0

50.9

0
10
21
19
11

0
23
10
13
20

aThe sablefish fishery closed on December 1 and October 4 in 1980
and 1981, respect ively.
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Sablefish have been reported at depths of 1900 m  Kodolov, 1976!, and
2740 m  Beamish et al., 19/9!. Trawl surveys along the Pacific coast of
North America indicate that 93% of the exploitable biomass is confined to
the continental slope from 200-1000 m  Low et al., 1976!. Trawi surveys
of f' Washington and Oregon, indicated sableflsh were most abundant between
350 and 800 m  Heyamoto and Alton, 19651. Shippen �972! reported trap
catches were highest between 250 and 450 m and declined steadilv from
500-900 m.



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; Kenned> and Pletcher, 1968!. Shippen
�972! 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. No change in the size distribution of trawl-caught
sablefish was apparent in the Bering Sea between 200 and 900 m  Kulikov,
1965!. No size segregation by depth irrterval in the commercia1 catch has
been observed in the Canadian zone  Tairle 2! .

Spawning biol.ogy

Sablef ish spawn from january to March ,riong 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 indirated that ali adult sabletish spawn annually.
There was no appreciable spawninq migr.rtion,

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 amonq localities  Table 3!.
Females were larger than males �6.8 crrr 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 ferAales spawned for tiie first time at age '5.

Another survey of age and size at maturity was conducted during
November-December 1981  Beamish et al., 1983!, The later survey produced
larqer mean lengths for females at 50% maturity, and males maturing at a
somewhat younger age  Table 4!.

The discrepancies in size and aqe at matur'ity between the two studies and
among sampling areas probably reflects real variation and sampling error
both in the fir.ld and in the ageing laboratory . For example, we know
that sablefish grow very slowly in a particular area off the west coast
oF Vancouver island  Beamish and Chilton, 1982!, and that generally,
faster growing marine fish tend to mature at younger ages  Beacham, 1982;
1983!. The method of age determination is <lifficvlt  Beamish and
Chi lton, 1982! and aqeing errors cannot be discounted. In 1981, larger
members of the 1977 year-class matured and were recruited into the
fishable stock, The inclusion of these fi.sh in the 1981 sample tends to
reduce average age at maturity and, since they were larger than 60 cm, to
incr ease the aver age size at maturity. Thus, we have combined the 'i980
and 1981 samples, resulting in average length and age at 50% maturity of
58.3 cm and 5.2 yr for fema1es and 52.8 cm and 4.8 yr for males
 Table 5! .

Presently, a large year-class �977! is being recruited into the
fishery. Approximately 50,000 of these I'ish were tagqed and released as
jvveni les. The recovery of tagged fi.,h from 1981 to 1983 may reveal any
tendency for fish to mature at larger sizes in northern latitudes and any
variation in age at maturity associated with area of residency.

Sex rat io

Male ifemale ratios of sablefish co11ected during prespawning and spawning
periods in 1980 and 1981  mid-November to mid-March! were 1:3. During
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al i other periods, the male to female ratio vras 1r1,5  Mason et al., this
symposium!. There was considerable variability among samples. For
example, the sex ratio of 1138 fish sampled in dune 1980 off the Queen
Charlotte Islands was 64% male, while fn 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%, 78%r and 81% respectively. Samples collected from Queen
Charlotte Sound in fall 1980 showed the male to female ratio to be almost
1:1. Research samples of juvenf Le sablefish  McFarlane and Beamfsh, 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. Sableffsh length and age at 50% maturity for four crufses in
january-March, 1980.

Length at 50% maturity Average age at 50% maturity

/  n! d'  n! T  n!9  n!Area

5.8  81! 6.0 �58!a

6.5 �6!a 6.0 �2!a

4.0 �5! 5.3 �87!a

57. 5 �49!

62,0  95!a

56,0 �04!

4.8 �30! 5.1 �171!
5.2 �! 5.5 �!

56.8 �083!
58 .0 �!

52.5  919!
53.0 �!

Weighted mean
Mean

aNot determined by probit analysis.

Table 4. Sablefish length and age at 50% maturity for November-December,
1981.

Length at 50% maturity Average age at 50% maturity

9  n!d'  n!  n! n!Area

Queen Charlotte Is 51,6 �40! 61.2 �93!a 4.2 �63! 5.6 �76!
�2'N-U.S. border!
Queen Charlotte Sd 54.6  99! 63.4 �02!
�0'50'N-52'N!
Vancouver Is  N! 53.1  92! 61.7 �15!
�9 30rN-50 50'N!

4.9 �0! a 4.7 �93! a

3.8 �8! 4.6 �34!

�71 ! 4.9 �003 !
4.3 �! 5.0 �!

52.6 �31! 62.4 �510!
53.1 �! 62.1 �!

Weighted mean
Mean

aNot de'termined by probit analysis.
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Queen Charlotte Is 52.8 �96!
�2 N,-U.S. border!
Queen Charlotte Sd 51.3 �26!
�0'50'N-52'N!
Vancouver Is  N! 55.6 �4!a
�9'30'N-50'50'N!
Vancouver Is  S! 52.3 �33!

56.6 �035! 4.5 �48! 4.8 �74!a



Table 5. Sablefish Length and age at 50% maturity for combined samples
In 1980-1981,

Length at 50% maturity Average age at R'4 maturity

d'  n!  n! o'  n! g  n!Area

52.6 �36! 56.6 �428! 4.6 �11!a 5.1 �050!

51.9 �25! 60.4 �051! 5,6 �41! 5.6 �50!

53,1 �56! 61,4 �'10!

52.3 �33! 56.0 �04!

3.5  84! 4.5 �86!

4.0 �5! 5.3 �87!

52.4 �350! 58.3 �593!
52. 3 �! 58.6 � !

4.8 �01! 5.2 �173!
4.5 �! 5.1 �!

Weighted mean
Mean

Table 6. Stomach contents of adult sablefish captured in sunken
gillnets, August 1979 and bottom trawl, 1980.

Bottom trawlSunken gillnets

No. examined
Nc, empty

78
40

1,131
821

Volume  cc!Volume   cc!Food Item

24
1

Pacific herring
Rockf ish  sp! 500
Myctophid 5
Unidentified fish remains 119

866
40

828

61
1

15 24

3931
75
27

15

46

Total 3,540 100818 100

Feeding

A study of the stomach contents of sabiefish recovered from traps may be
biased because it may be argued that only fish that require food will go
into the trap. Therefor'e, we have examined stomach contents of' sablet'ish
captured in sunken gil.lnet and bottom trawl catches.

Queen Charlotte Is
�2 N-U.S. border!
Queen Charlotte Sd
�0 50'N-52 N!
Vancouver Is  N!
�9 30'N-50'50'N!
Vancouver Is  S!

Squi d
Oellyf Ish
Shrimps
Octopus
Crab
Euphaus I i ds
Amphipods
Other

1389

19
31
50
62

175

<1
<1

2
5
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Of the 78 sablefish examined from glllnet catches off the queen Charlotte
Islands ln 1979  Beamfsh et al,, 1980! 38 stomachs contafned food items.
Fish remains were dominant �6%! of which the majorf ty �1% by volume!
were rockflsh  Table 6!. During 1980  Beamlsh et al., 1983! 821 �2%! of
the 1131 stomachs examined from sablefish captured in trawl nets were
empty. In stomachs which contained prey items fish or unidentified fish
rema .ns were dominant �9%!  Table 6!. The dominant food items were
P *!!! n   g  ~C! ~h! �4%! d q !I  !B%!. �* f! *
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 sableffsh *re so easily trapped.

In other studies, sablefish have been reported to feed on a wide variety
of orqanisms depending on the season and location and the relative
availability of prey  Shubnikov, 1963; Kodolov, 1976!. Items observed in
sablefish stomachs, compiled mainly from research conducted in the Berlnq
Sea  Shubnlkov, 1963; Kodolov, 1976!, fs presented in Table 7. In the
Bering Sea, fishes, cephalopods and coefenterates comprise most of the
diet whereas alonq the coast of North Amerfca, fishes, cephalopods and
shrimps predominate and coelenterates appear to he much less important
 Kodolov, 1976!.

Bfomass estimate

Although the tagqinq program was not. designed to estimate population
size, biomass was determined to provide an approximate estimate.
Population estimates were calculated from an adaptfon of' the simple
Petersen equation,

N ij!=M j! �-L!   f-m!  Sv   i-1! !  r i,j! C i! / R i, j! �+a!

where: N = population estimate of sablefish in year i from releases ln
year j; N = number of tagged sablefish released in year j; L = rate of
tag loss; m = rate of tagging mortality; S = annual survival rate; r =
the proportion of taqged sablef'ish released in year 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 j; 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 equation ran be determined. Estimates of tag loss,
survfval, and the rate of emigration were calculated as separate
components to the Petersen equation. Non-reporting of tag recaptures and
tagqfnq mortality had to be estimated. Values used in this analysis are
as follows: L  rate of' taq loss! = 0.075; S  survival rate ! = 0.53; r
 rate of  m!igratfon! = 0.01-0.08; a  rate of non-reporting! = 0.1; m
 rate of taqqlng mortality = 0.1.

The estimated total biomass for the Canadfan zone 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 s!bfefish fs 55 yr, however, the
majority of fish range from 4 to 35 yr  Ffg. 2!, The average age of the
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samples was 20.2, 12.7 and 16.5 years In 1979, 1980, and 1981,
respectively. The average age of males �9.5, 12.8, and 16.4 yr! was
similar to that of females �1, 12.5, and 16.6 yr!. The decrease in
average aqe for 1980 and 1981 Is due to the presence of' the strong 1977
year-class in the fishery.

guvenlle sablefish show spectacular growth in length during the first
year, after which growth is slower  McFariane and Beamish5 this
symposium!. Males and females show similar lengths up to the age of 4
after which females are signifIcantly larger  t-test, p�.05! at given
ages  McFarlane and Beamish, this symposium!.
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Growth of mature fish is constant and relatively rapid to about agE. 10
 Fig. 3!. Growth in length for males is greatly reduced after aqe 12 or
13 and for females after aqe 15  Fig. 3!. Females attain larger sizes
than maleS and bOth maleS and femaleS COntinue tc live fOr 1Ong periOFIS
durinq which little growth occurs. The von Rertalanf fy constants L
K and to are presented in Table I3
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Fig. 2. Age composition of trap-
caught sablefish  sexes combined!
present in the commercial catch
off Ca~ada, 1979-1981.

E
z 59I-

4

Fiq. 3, Growth ourves of
sablef ish stocks off the
west coast of Brl t i sh
Columbia I.n '1980 and
1981. Von RertalanI*fy
parameters are presented
in Table 8.



Table 8. Yon Bertalanffy parameters for curves fitted
at age data for sab lef lsh by area presented in Fig, 3.
given in an. Mean lengths from the 1977 year-class at
years old were included in calculating von Bertalanffy

to the mean length
L values

age 1, ?, and 3
parameters.

von Bertalanffy parameters
Mont.h Na. of

Year sampled Sex observations to k L�Area

1980 Dan-Feb H
F
T

0.338 65.9
0.?63 76.2
0.269 74.3

-0. 79
-0.932
-0.93

348
876

1>224

!A-!B 1981 Nov 0.290 66.7
0. 249 81.4
0.243 80.1

-1 .07
-0.77
-0. 86

210
643
853

3C � 30 1981 Nov 0.350 66.4
0.317 79.8
0.322 76.4

-0.67
-0.41
-0.45

269
599
868

The length-weight relationship is exponential  Fig. 4 & 5!. The seasonal
relat ionshlps were:

W = 1.4 x 10  FI ! '  Su>mner!-6 3.5025

W =- 2.9 x 10  FL!-6 3.2973
 Winter-post spawning!

Calculated weights at length for the winter, past-spawning period are
approximately 1!% i.ower than the summer length-weight relatLonshlp,
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 gueen Charlotte Islands, 38 to 104 cm
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Mean annual growth of mature sablefish based on otolith ages, ranges from
0.17 to 0.26 cm for males and 0.55 to 0.66 >s» for females, Measurement
of tagged and recovered sablefish corroborates this low rate of annual
growth  Table 9!. 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 i>mnediateiy upon recovery without
freezing then there was a def inite trend to a net increase in length with
time  Table 10! . If only fresh measurements are consi.dered, the mean
annuaL increment for males �.47 an!, as expected, is less than for
females �.80 cm!. Combining samples by time at liberty rather than age
can bias the results if unequal numbers of younger faster growing fish
are recovered. However> at this time we wanted to show only that
sablefish grow very slowly, corroborating estimates obtained from age
analysis.
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Fig. 4. Relationship between fork length and round weight for sablefish
caught during su macr and fall 1979. Trawl-caught juvenile sablefish from
Queen Charlotte Sound and Hecate Strait combined with trap-caught fish
from the west coast of the Queen Charlotte Island.

I2.0

IO.O

80

6.0

4.0

2.0

0.
4020

FORK LENGTH  Om!

Fig. 5. Relationship between fork length and round weight for sablefish
captured during winter 1981  post-spawning! . Trawl-caught juveniles from
Queen Charlotte Sound and Hecate Strait combined with trap-caught fish
from the west coast of the Queen Charlotte Islands.



Table. 9. Average growth of recovered sablefish.

Only sablefish measured in
fresh condition by

fisheries staffAll recovered sablefish

Years Aver age
after growth

tagging  cm!

Average
growth

n  cm!S.D. S.D.

Table 10. Average growth  cm! of recovered 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.!

x annual
increment ~ growth S.D.

Number gf growing
seasons at large

1.7
1.0
2.0

0.47
0.31
2.27

28
21

3

Growing season taken as June to September.
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0 -0.63 2.14
0.5 -0.25 1,95
1.0 -0.51 2.30
1.5 -0.53 2,33
2.0 -0.62 2.40
2.5 -0,62 2.97
3.0 -0.99 2.77
3.5 -1.5 0.71

Hales
1
2
3

annual increment.

F ema les
1
2
3
4
5

annuai increment

0.48
0. 16
0.76
0.47

0. 54
0.44
0.95
1. 39
0. 80
0.80

820
1324
1490
425
328
83

128
2

0. 99
0. 52
0.43
0.99
0. 61

-0. 18
6.1

0. 54
0.87
2.86
5. 56
4.00

1.6
3.3
2.1
6.6
4.9

2.91
1. 81
2.63
2.81
1. 54
0.87
5 .88

58

45 5 5 2

51
138
38
19
36
11



off Queen Charlotte Sound and 38 to 114 cm off the west coast of
Vancouver Island, The mean lengths of males and females in the samples
have Increased steadily since 1979  Table 11!. At this time it is not
known whether the increase In mean length can be attribut.ed to a shift in
areas f'Ished by commercial vessels. The reduced mean lenqth of both
males and females In the 1982 samples off the west coast of Vancouver
Island is probably a reflection of the heavier recruitment of the 1977
year-class to this area In 1982  McFarl.ane and Beamlsh, this symposium!.

As mentioned, females attain larger sizes than males. For all areas and
years, less than 10% of the males and more than 5N 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 sableflsh catches sanpled at sea, Including
discards, by area and year.

Queen Charlotte Queen Charlot te West Coast
Islands Sound Vancouver Isla nd

Year M F M F M F

1979 Range in length  cm!
Mean length  as!

40-73
no sanples 55.5

604

46-89
66. 8
653

no sanples

1980 Range In length  aw!
Mean length  an!
n

42-74 44-98 42-82
5$.1 62.8 58.6
239 417 439

41-97
67. 3
534

41-81 30-104
60.4 69.4
396 1035

1981 Range in length  cm!
Mean length  an!
n

43-88 41-101
61.1 70.1
545 849

43-80 49-104 46-91
60.8 72,6 62.0
437 1081 474

43-114
70. 5
1589

1982 Ranqe in length  an!
Mean length  as!
n

38-85 47-102 38-86
62,2 72.3 59.5
1408 237 8 887

44-89 43-104
62. 3 72.2
496 654

40-103
67.5
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 ot their abundance continued in 1978, 1979, and 1980  McFarlane
and Beamish, this symposium!. This strong year-class has been reported
from all areas of the northeast Pacific Ocean  Halsiqet, 1982!.
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Age frequencies for male and female sableflsh sampled in 1980 and 1981
 Fig, 6 4 7! indicated the presence of strong year-classes in 1977, the
late 1960s and the early  960s. These strong year-classes could not. be
identified in age composition data from the commercial catch for males
and females combined  Fig. 2! . A simple reconstruction of cohort
strength for aqe frequencies of females corrected for natural mortality
 M! of' 0.1  Table 12! indicated that strong year-cLasses occurred in the
late 1960s, the late 1950s/early 1960s and the early 1950s. We recognize
that there are problems associated with the assumptions used to estimate
cohort strength, such as the vse of a constant natural mortality
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rate that ls influenced by year-class str ength, the application of this rate
without consideration 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 tishery, and the fact that there has been no
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 sablefish captured of 6
the gueen Charlotte Islands in 1980 and 1981. Numbers at age corrected
for natural mortality �.1!,

1981

n corrected for n corrected for
n natural mori.allty Age n natural mortalityYear-class Age

Anecdotal information 1'rom fishermen and a study of the relative
abundance of juvenile sableflsh ln the diet of Pacific cod  Gadus
~hl !.pt df i 'd fit . Flg.8;W th'dH*tiq,
1983! indicated that juveniles were aburdanr. in the late 1970s, the late
1960s, and the late 1950s, or early '1960s. These reports corroborate the
approximate years of strong year-classes determined from the age
reconstructlons.
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1975
74
73
72
71
70
69
68
67
66
65
64
63
62
61
60
59
58
57
56
55
54
53
52
51
50
49
48

5 10 11
6 23 28
7 30 41
8 31 47
9 36 61

10 41 77
11 48 100
12 61 142
13 86 222
14 54 155
15 34 108
16 56 198
17 27 106
18 26 113
19 24 117
20 17 92
21 9 54
22 10 67
23 2 15
24 6 49
25 37
26 41
27 1 11
28 2 26
29 0
30 2 28
31 1 17
32 1 19

7 9
10
11
12
13
14
15
16
17
18
19
20
21
P2
23
24
25
26
27
28
29
30
31
32
33

11
16
15

12 8
14
52
24
53
24
32
22
20
21
18
26
14
17

16 6
11
8

10 4 6
6 5 1

12
20
21
18
14
26

109
56

137
69

102
78
79
9c
87

140
84

113
118
49

101
81

113
50
84
93
86
64
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Bailey �981! related the development of strong year-classes in Pacific
hk  M 1 1 g d t f t th p * 1 t 9 h t
 Ekman transport! during the spawning period and Mysak et al. �982! have
demonstrated a relai.ionshfp between interannual baroclfnic waves and f ish
populations in the northeast Pacific Ocean. It is beyond the scope of
this paper to discuss t.he mechanisms causing strong year-classes,
however, there fs lft tie doubt that oceanographic conditions contribute
to the success of some year-classes.

The fmportance of a large number of age groups for sablefish is unknown.
It Is possible that the ability to lfve 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 lndivfduals, actively growing juveniles are found
in fnshore shallower waters, where food resources are greater. In the
offshore waters, after maturation, growth is reduced. It is probable
that most energy, surplus to maintenance requirements is used tor
reproduction. The extension of the reproductive life probably is an
adaptation to surviving In the deeper offshore areas, particularly in
times of unfavorable envfronmental 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 Hankln

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

Abstract

Sablefish were sampled at Eureka fish processing plants and while on
board a commercial Eureka-based trarvling vessel during 1 979 and
l980. Conventional surface aging methods, applied to scales snd
whole otoliths, revealed that females grew more rapidly than males,
and that size at age for Eureka-landed sablefish is greater than for
more northern stocks. We observed 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 whole otoliths from previously surface-aged fish was
sent to the Mcific Biological Station for sge assignments using the
burnt section otolith method. Eighteen of 23 fernale 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 �8-24 years! were found
for three of five male specimensr but discrepancies for two intermed-
iate-sized males were 0 and 2 years. Conventional age assignments
appear to be rea.sonably sound for females, *t least up to 80 crn, 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 upon the apps.rent dramatic variation in male size at age
in otolith section ages, we speculate that the Eureka fishery may har-
vest more than one sablefish stock and that a migratory slower-grow-
ing stock may enter the fishery in late fall. We hope to investigate the
plausibility of this speculation in future work.



Introduction

Alth fh ly .th tt f 11 hl f�h ~h� 1
caught by trawl gear off California, Oregon and Washington in the
past decade have been landed in the port of Eurekas California, little
scientific effort has been devoted to cha.racteriz;ation of local harvests.
The primary objectives of the research descxibed in this paper were
to; I! coxnpare the reliability of aging sablefish from scales and whole
otoliths; 2! determine the most appropriate back-calculation proce-
dures; 3! generate conventional Van Bertalanffy growth curve parame-
ter estimates for both male and fernale sablefish; and 4! using these
parameter estimates, derive estimates of natural xnortality rates  M! .
Research objectives thus involved a conventional age and growth
assessxnent 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 �982! concerning assessment
of sablefish age through examination of burnt sections of otoliths.
Aftex oux study was completed, we sent a sample of Z8 whole otoliths
to the Pacific Biological Station to contrast our conventional age
assignxnents with their otolith section. age assignments. Discrepancies
between age assignxnents 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

Saxnple collections.

Sablefish scales and otoliths were collected by two methods: I! saxn-
pling cornxnercial landings at local fish processing plants ', and 2!
saxnpling catches a.t 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 August, 1980, and
in Novexnber, 1980.

Market saxnples were selected from standard 1000 pound capacity
boxes by sytematically selecting every other fish until two plastic
buckets, each holding about 80 pounds of sablefish, were collected.
A total of 404 fish were saxnpled at the markets in this xnanner, of
which 101 had been dressed. Dressed fish were measured froxn the
origin of the first dorsal fin to the center of the forked tail; these
measurements were later converted to fork length using the conver-
sion factor reported by Phillips  ! 954!, Whole fish were dissected ta
determine sex, weighed to the neatest ounce when time permitted,
and fork lengths recorded in whole centimeters following Holden �974}.
Otolith pairs  sagittae! and scales were removed fram all saxnpled
whole fish, Scales were removed from the base of the first dorsal fin
[Prutex 1954; Sasaki 1971! from both sides of the body. In addition,
groups of scales from different regions of the body were removed
from a single fish to deterxnine which region provided scales which
were most easily read  see Sasaki 1971; and Figure I!,
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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 based on scales removed from region I,
immediately below the first dorsal fin.

Sampling at sea was conducted using an otter trawl with a 4 I /2 inch
�1 cm! stretched mesh cod-end liner, Incidentally harvested sable-
fish were sorted from target species; the largest and smallest fish
wer e purposively selected to expand size range among collected fish.
Intermediate-sized sablefish were selected randomly. The total nurn-
ber of fish sampled at sea was 1957; scales and otoliths ware collected
from 1364 fish. Sex of fish was determined by dissection, and measure-
ments of body length were made as for market sampling. I'ishing areas
r ang ed f r om just s outh of Lu r eka   latitud e 4 0 a4 I ' K! to Cape Seba s tian ~
Oregon  latitude 4Z 14'N!, at depths ranging from 40 to 430 fathoms,
but most sampling took place between 300 and 400 fathoms  Figure 2! .

Sarnp1e preparation, age determination, and data analyses.

Scales. Scales, which had previously been stored in dry coin envelopes ~
were soaked in detergent solution for 1Z-24 hr prior to mounting and
reading. Usually six non-regenerated scales per fish wer'e read.
Scales were mounted on slides, examined or a microfiche reader at
a usual magnification of Z4x, and annuli and scale radii measurements
 fram the focus to the anterior margins and to the outer edges of
annular marks! taken from the anterior field of long e1ongated scales
 see Pruter 1954! . Scale measurements were made for at least three
readable scales for each fish; later a series 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 cm body length intervals far each sex
were randomly selected for age determination; for length groups for
which total samples v"ere less than 15, all fish were included and
sample sizes always exceeded six fish with one exception'. onIy two
fish over 91 cm were collected. Fish sizes r'anged from 32 to 97 cm.
Conventional criteria for detection of annular marks were used to
establish annuli, and ages were assigned follatving LaLane �979! and
williams and Bedford �973! .

In addition, the praportion of fish exhibiting newly-formed annuli for
the above samples was recorded by sampling period in ord er to deter-



mine the approxitnate time of apparent annulus formation; only mature
fish ranging from about 45 to 75 cm fork length were used for this
d ete rmination,

125 4WW 125 OOW 124 2OW 123 40 W 42 2ON

41 40N

41 OON

40 2ON

Figure 2, Approximate sablefish collection area of northern California
and southern Oregon  hatched area! . Dotted lines show 100 and 500
fathom isobars.

Otoliths. Fifteen finales and fifteen females per 5 cm body length in-
tervals were selected randomly for age determinations and otolith
measurements t as for scales. Not all fish selected for aging using
otoliths were also aged using scales; for certain individuals, ages
could not be reliably assessed by one technique. Otolith and scale
age determinations were jointly ntade on a total of 189 fernale and
174 male sablefish. Otolithe were soaked in 70",1o ethyl alcohol for
several days before reading, and were examined under a dissecting
microscope at 7-l2x magnification over a black background using



reflected light. Counts of hyaline zones were used as the basis for
age a.ssignments. Of a pair of otoliths  right and left sagittae!, either
one was read at least twice and the more confident readings were used
fox back-calculations. Measureznents were taken from the focus to the
anterior margin of annuli and otoliths using an ocular micrometer,
and wez e all scaled to 7x magnificatio~.

Data anal ses. Allometric length-weight relationships were derived
for males and females separately, and for combined sexes, using
approximately five randoxnly selected fish per 5 cm body length inter-
val. Both linear and non-linear body length-scale radius and body
length-otolith radius relationships were fit by linea.r least-squares
regression, sometixnes requiring log transformation of data. Back-
calculations were carried out using three distinct methods for com-
parison: 1! Lea's formula  Iea 1910!; Frasez and Lee's formula
 Fraser 1916; Lee 1920!; and 3! Monastyrsky's formula  Monastyrsky
1930!,

Possible differences between age determinations from otoliths and
scales, and between calculated mean lengths at age for both males
and feznales were examined through paired t-tests. Calculated mean
length at a.ge data. were used to fit Von Bertalanffy equations using
standard procedures  Ricker 1975!. Based on calculated Von Berta-
lanffy growth parameters, the instantaneous natural mortality rate
 M! for sablefish was estimated following techniques presented in
1! Alverson and Carney �975! and Taylor �958!; and in 2! Pauly
�980!.

Contzasting conventional surface ages with burnt-section otolith ages.

In tune of 198Z, a sample of whole otoliths from 28 sablefish ranging
in length from 55 to 87 cm wa,s sent to Dr. R. J. Beamishx Director x
Fisheries Research Branchx Pacific Biological Station, Nanaimo,
B.C., for age assessment by the otolith section xnethod  see Beamish
and Chilton 1982! . Conventional surface otolith ages had been previous-
ly determined  Maeda 198Z! 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.

Re suits

Sex ratios, sizes at znaturity and length-weight relations.

In both market samples and in November 1980 collections at sea,
male:female sex ratio was approximately Z'.1, The smallest sexually
mature sablefish observed had fork lengths of 43 cm  males! and 49
cm  females! . Weights of fish ranged from 339 g  I'L 32 cm! to 4653 g
 FL 75 czn! for xnales, and from 339 g  FL 34 cxn! to 9136 g  FL 91 cxn!
for fexnales. The combined sexes allometzic length-weight relation
was 3.248

W = 0. 213 x 10 L; where W~eight in grazns; 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 ir
condition factors with increasing fish size, but no difference between
sexes. Condition factors for juvenile sablefish  I+ and Z+ ! were sig-
nificantly smaller than for older fish.
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Age determination and age assignments.

Readab~ilit . Long elongated scales from the base of the first dorsal
fin were found most easily read, although other regions of the body
 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 scales and otoliths ranged from 1! to 18! and
from 1! to 17! respectively,

Faired-sample t-test statistics 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 1' or either sex. T-tests also revealed
that lengths at capture of ages 1! and Z! males and females were not
significantly different. Beyond age Z! ~ females were larger than males .

Annulus formation. The percentage of fish with newly-formed annuli
on scale margins was lowest � I'a! in the beginning of August and then
increased through October when the proportion reached a high of 44~o
 I igure 3!; the proportion was about 43~zn in late November. Examina-
tion of otoliths revealed a similar trend. Although these results a.re
hardly conclusive, and did not cover aB months of the year, there
does appear to be a strong seasonality to apparent annulus formation;
the proportion of fish showing plus gz owth did correspond to likely
periods of greatest seasonal growth.

00
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Figure 3. Percentage of sablefish scales with newly-fozmed annuli on
the margin by different sampling periods, northern California,
1979-1980. Samples from September through early November were
obtained by market sampling in Furekaz California~ during 1979.
Saznples from June through August and iu late November were ob-
tained by bottom trawling during 1980. Sample sizes above points.



Back-calculations and derived growth patterns ~

B~dt th- l d d - otol t'h d' l t * ~h*' . L'
models adequately described body length-scale radius and body length-
otolith radius relationships for both sexes and for combined sexes.
Reduction of unexplained var iation achieved through the use of non-
linear models was small and estimates of b  in L -- aS>! were usually
close to l. Based on a combined sex sample size of Z76 fish, the
correlatio~ coefficient for the linear model applied to scales was
0. 9143; for otoliths, based on 286 fish, the linear model cor relation
coefficient was 0. 8977.

Probably because the intercepts for tht. linear models were fairly
small  about 10 cm for scales and about -5 cm for otoliths!, back-
calculations computed by all three of the techniques used were similar
for scales; however, the non-linear  Monastyr sky' s! back-calculation
method applied to otoliths resulted in apparent serious negative bias
for older ages, especially when compared to the results for scales.
Maeda �9HZ! concluded that use of Lea's formula for scales and
Fraser and Lee's formula. for otoliths gave most reliable results, and
that thes e results compared favorably with collections of lish which
exhibited no plus growth at capture.

X I 0 2
Using Pauly's technique B and as-
suming an average temperature
at ZOO fathoms of 5. 5 C, instan-
taneous natural mortlaity rate
 M! was estimated to be 0. 19
Alverson and Carney's �975!
method, which does not rely on
mean environmental temperature,
gave M=O.Z5. This figure has
previously been assumed appro-
priate for sablefish  Low et al.
1976! .
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Figure 4. Mean back-calculated
fork lengths at age by Fraser
and Lee's method for male
and female sablefish collected
in northern Californiad 1979-
1980. Based on. reading of
whole otol.iths ~

07

Von Bertalanff rowth curves and mortalit 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 s.s ea.rly as age three.
Von Bertalanffy growth curve
parameter estimates reflected
this obvious difference. Predicted
ultimate lengths for males and
females, based both on scales
and otoliths, were about 7Z and
87 cm respectively. Predicted

E lengths at age agreed favorably
with back-ca1culated lengths at
age  Yable 1!.



Table 1. Observed  back-calculated! and predicted  based on fitted >t'on
Bertalanffy equations! fork lengths at age for male and female sable-
fish landed in Eureka, California,, 1979-1980, based on surface
ages read from scales.

Male s Female s

Pred ic ted
b

Pr ed icted~Ae

1 = 71 62  ] �.2657 t40.9642!!

1 �. 1777 t+1. 31Z8!!
t

Comparison of conventional surface ages v:ith otolith section ages

Of the 28 whole otoplths which were sent to the Pacific Biological
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 Z3 cases for which age assignme~ts were
judged to be in essential agreement. There was no clear pattern of
discrepancies with size of female or with conventional surface age
assignment. For example, an 86 crn female aged by Maeda �982!
as 17+ had the same otolith section age assignment, but a 62 cm fish
aged by Ma.eda as 6t had an otolith sectio~ age assignment of about 30 ~
For this latter fish, Doris Chilton observed that otolith features were
similar 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.
Two 55 cm specimens for which Maeda had obtained surface ages of
5+ and 6+ had otolith section ages of > 23 and 30k. A 67 cm specimen
aged by Maeda as 6+ had an otolith section age assignment of Z9+.
However, two intermediate-sized males of 63 and 66 crn which Maeda
had aged at 6i and 74 had otolith section ages of 6t and 9+. The full
tabulation of comparisons, including dates of capture, is presented in
Table 2.

88

1

2 3
4 5

6 7 8 9
10
11
12
}3

29,6
39.8
46.4
51.6
56.0
60.0
63,7
65.7
66,6
67.4

29,1
39.0
46.6
52.5
56,9
60.4
63,0
65.0
66,5
67.7
68,6
69.3
69.9

30.0
40.9
47.9
53.6
58.4
62.8
67,3
71.0
73.8
76.3
78.4
79.3
79.4

29.5
38.9
46.8
53.4
59.0
63.6
67.5
70.7
73.4
75.7
77,6
79.2
80.6



Table 2. Comps.rison of conventional surface age as signments with
burnt section otolith age assignments for sablefish landed in Eureka,
California, 1979-1980.

Fernale s

Fork
~L* th

Collection
Date

Section
~Ab

DifferenceSurface
~A

Males

11-26-80
11-06-79
07-02-80
08-13-80
08-20-80

s 418
+24

0
+2
+23

~Z3
30+

6+

Z9+

5&
6+
6+
7k
6+

55
55
63
66
67

a
From Maeda �982! s based on whole otoliths.

b
Based on burnt-section otolith reading, Pacific Biological Station,
personal communication.

c
Pacific Biological Station comment: "looks like a slow-growing male"

d
Pacific Biological Station comment: "annulus on edge 7"

e
Surface age as determined by Maeda �982! judged unreliable.
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08-20-80
11-06-79
07-02-80
07-17-80
07-02-80
07-02-80
07-OZ-80
07-02-80
07-OZ-80
11-06-79
08-20-80
07-02-80
07-OZ-80
07-02-80
08-13-80
07-02-80
07-02-80
06-27-80
08-13-80
06 27-80
07-02-80
07-02-80
07-17-80

61
62
66
67
68
69
71
72
73
73
74
74
75
76
77
77
78
79
80
85
86
86
87

5+
6+
6w
7t
7t
7t
6e

10k
8t
7t
7+

10&
10+
9k

124
10+
124
lit
9+
9+

12+
17+
25/se

5+
s30

7+
8+
7+
7+
6+
9t
7t
7+

1Z+
11+
12%
7+

124
10+
12+ d
127
14+
21+
14+
17+
31+

0
~ +Z4

+I
tl

0
0
0

-1
-1
0

+5
+1
42
-2
0
0
0
0

+5
+12
+2

0
46 ".



Discussion

It is unfortunate that such a small sample of specixnens was sent to
the pacific Biological Station for comparison of age assignments 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 bizax're, we would probably
have sent more specimens. As it was, however, Pacific Biological
Station staff kindly perforxned the age assessments for us at na cost
and we were reluctant ta impose upor. the Station for a larger sample.

Nevertheless, the small sample used for coxnparisan does seem ta
strongly implicate very serious errors in age assignments for male
sablefish based on conventional surface aging methods applied to both
scales and whole otoliths. Discrepancies among fernale age assign-
rnents, at least for fish less than perhaps 80 cm, were a bit 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 methods xnay seriously fail when
applied to slower-growing xnales or to slow-growing stocks of sable-
fish. This conclusion presuxnes that otolith section ages are valid ~

There are same intriguing features of the discrepancies which were
found in the small sample used for comparison of age assignments J
and it is difficult to resist the texnptation ta speculate as to the possi-
ble causes for the obsexved pattern of discrepancies. At the risk of
embarrassing aux selves with questionable inferences, but in the spi-
rit of promoting discussion at this Symposium, we have not resisted
the temptatian 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 cf November  two males and one
female, perhaps a misclassified male! . Among the entire sample of
Z8 otoliths sent to the Pacific Biological Station, there were only four
specimens which had been collected in November; remaining speci-
mens were callected primarily during June through August. There
were no absolute discrepancies in excess of two years for those speci-
mens which were collected on 07-02-80; yet these specimens consti-
tuted fully 50~io of the entire canstrast sample.ln addition, among the
three male specimens which were collected during July and August,
ages were in close agx'cement in twa cases. These three fish, aged by
Maeda as 6+, 7+, and 6+, but by otalith section as 6+, 94, and 29+,
had lengths of 63, 66, and 67 cxn respectively. The other two male
specimens, collected in November, a.ged by Maeda as 5+ and 64. but by
otolith section as =23 and 304, both had lengths of 55 cxn, Thus, agree-
rnent among males was best for intermediate-sized fish.

The above twa general observations � that aging discrepancies may
be correlated with time of capture, and that aging discrepancies for
slower-growing males da not seem nicely related ta male size�
prompt us to speculate that the aging discrepancies may, st least in
part, result from the existence of mixed and migratory stocks of
sablefish, with widely differing grawth rates, which are jointly har-
vested in the Eureka fishery.

Although the above speculation appea rs ta diverge fram conventional
wisdom concerning sablefish stock mixing  e.g, the Monterey, Cali-
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fornia, fishery, is believed to be based on a single local stock; see
PFMC 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 Eureka fishery. Alternative hypotheses, for exam-
ple  hat growth rates among males within the same stock are rather
exceptionally variable, seem far less tenab1e, although certainly pos-
sible. Although our speculation ot' the existence of multiple local
stocks rests on a near dismally small 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. V< e 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 ot
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 prese~ted 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 ot' 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 ar e presumably of greater re-
productive importance for eventual sablefis'h 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 female stock is less likely to
be severely impacted. This, coupled with the  usually! increasing
economic value of sablefish with increasing size, would argiie for a
size limit 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 �982! and other observations  Alverson et al 1964! of
roughly 2: 1 male:female sex ratios in trawl catches may be indicative
of the effectively greater harvest rates which a.re 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 �980! 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~/o female. Perhaps the long-term solution to effective
management of sablefish stocks, in light of strong sexual dimorphism
of growth, lies in a thorough understanding of this kind of migratory
behavior coupled with corresponding aex-targeted fisheries.
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Use of oxytetracycline and other methods to
validate a method of age determination

for sablefish

Richard J. Bearnish
Gordon A. McFarlane
Doris E. Chilton
Department of Fisheries artd Oceans
Nanaimo, British Columbia, Canada

Abstract

Length frequency analysis, tagging studies and dailv growth ring <ounts
were used to identify annuli for juveniles. The identification of annuli
for a<h<lts was validated by marking otc liths with oxytetracycline.
dosage of 100 mq/kg of oxytetracycline caused increased mort.ality in the
natural environment but not in the laboratory. The most suitable dosage
appeared to be 50 mg/kq. Host fish that had been at liberty for 3 to
years were found to have added tl<e numt er of annuli equivalent to, or
very close to, the years at l i.bcrty. 1here was no indication that the
method over-estimated true ages. The position of the oy<ytetracycline
mark confirmed that otoliths continue to grow in thickness and that
otolith surface growth was irreqular or. absent. The irreqularit.y of
growth at the periphery of the externa! surfaces indicates that older
fish cannot be aged reliably by viewin<i the surface of the otoi ith.

The method of age determination is valid for most fish although
interpretation of annuli can be diff iclilt and some older fish may riot.
form annual growth zones.

introduction

Th th*d f g l g bt fi h ill f' b '8! d *I p d d
p t' lly 2'dtdbyg lhdfhllt ~1982.That f g*
prodi<ced by this method was considerahty greater than aqes produced in
other studies   see t3camlsh and Chilton, 1'982! that relied on
interpretations of annuli using the ot >11th surface. Reamish and Chilton
acknowledged that the interpretat.ion oe the otoiith section was
difficult, however, their preliminary attempts at validatinq their
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interpretat ioris conf irmed that the zones ident i f ied as annuli did far m
Once a year. Tn coritrast, estimates fram other .studies were nat
validated, thus, they concluded that their inte<pretat tons should riot be
rejected in favor of' a technique that produced younger aqes. Buccessful
vaIidatian of anv aqe determination techniqui: reqi>ires thaL ages assiqned
to all age groups are proven to be ace>rate  Ueamish arid McFariane,
1983!. Ages assigned beyond the oldest validated age should riot he
assumed to he correct as there is a risk that eh~ages iri the pattern of
growth of the st.ructure used for age determiria'L ion wi I I obscure,innul I,
resulting in an under-estimate of the Lr ue al<e.

In this study, the position of the first aiinuii<s was Ide»ti fied using
dai ly growth zone cai<nts as well as length frequency analysis. Length
frequency analysis and taqqing studies were used ta validate aqes of
juveniles. Adult aqes werc validated hy tagging and i» fecting fish wIth
oxytetracyc line. The appropriate dosaqe of oxytetracyciine was importarit
and had to bc determined In field tria's. The axytetracycl in<. studies
were also used to study the pattern of atoliLh growth.

The purpose of this repart is to provide additional information about the
valir!ity of t!ie method developed by Be<imish and Chi 1tori �982! .

Methods

Fish were collected from commercial cat ches and researct> crui ses. They
were measured for fork length, sex was determiiied i»d hath otoiiths
 sagittae! were cleaned and stored in,i 50% glyce> in solution. Tagging
and injection procedures have been des<.:ribed previoi>sly  Beamlsh et al.,
'1979; 1980! . Otoliths wer e pr ocessed «nd examir>ed accardinq to the
procedures described by Chilton and Beamish   1983!,

Otoiiths of 9 juvenile sablefish were  repared for Lhe examination of
dai ly growl.li increments by grinding ana acid-etch inq using 6%
hydrochlorir. acid  HCI!. The otolith «as mori»ted on a qlass slide with
epoxy and qroi>nd using lapping film paper  Nei lson and Ceen, 1982 !, The
slide was held hy hand during grinding. The qrindirig was a<ternated with
immersion in 6% HC1 for approximately 3 secarids, followed by immersion in
water for a few seconds  A. Wild, pers. comm. !, The w!iole otolith was
mounted on the slide with the interior  concave! side up. Photoqr iphs af
dai ly increments were taken, starting «It!> the exterior edge and
praceedinq towards the center. It was not passible to expose ail dai ly
increments at one time,

Oxytetracycl inc was used to produce a "Lii«e" n>ark iri the otal ith.
dosage of 100 mg/kq was initiaiiv determine<f from p<evioi<s studies
 Kohayashl et. al., 196<>; Weber and ltidgway, 1962, 1967; La»zing and Hynd,
1966!. When recoveries indicated that Lhe do" age ot 100 mg/kq was
causing iiicreaseri mortality, field studies were initiated to rietermlne
tlie r«ast appropri ate dosage. The 100 mg/kg dosage and a 2'> mg/kq dosaq<'
were also tested in the laboratory,

Di>r ing March and tune 1981, sablefish capt.ur ed nff tlic west coast of the
Queen Charlotte Islands were tagged and inject.ed with oxytetracycl inc.
Approximately one quarter were tagged ii the routiiie manner and received
an intraperitoneal injection of 100 mg/kq  l3eam! sh et al., 1978! . One
qi>ar ter were taqged and given the same volume ot' oxyLet.r acycl ine diluted
with 1% sa! ine to produce one quarter of the concentration �5 mq/kg!,
one quarter were tagged and injected with the sama volume of 1% saline
solution and one quarter were tagged an 1 not injected.



In November 1981 off the west coast of the Queen Charlotte Islands, one.
quarter of the sahlef'Ish were tagqed and given an intraper 1toneal
injection cf 25 mg/kg body weight., one quarter were tagged and q1ven an
intraperitoneal injectIon of 50 mg/kg, ~>ne quarter were tagged and given
an intraperitoneal Injection of 75 mg/kg, one eighth were tagqed and
received no Injection, and one eighth of t.he fish were tagged and qiven
an intermuscular Injection of 25 mg/kg .

Otclith pairs from all injected and recaptured fish were recovered and
stored in 50% glycerin in > darkened contai<rer. Prior to storage the
otoliths were wiped clean of all tissue.".

Some otoliths wer e stored for up to ? years before being examined. One
otolith of each pair was examined in a darkened room using a Leitz
Laborlux 12 microscope equipped with an ultraviolet light. The otol 1th
was broken dorso-ventrally through I.he nucleus and the broken surface
examined. The position of the mark was noted and the distance from the
distal edge of ihe mark to the edge of the otolith section was measured,
The section was then burnt  Beamish and Chiiton, 1982! and the age was
determined. The postion of the mark was identified using the previous
measuremer>ts since burning destroyed tire mark. The number of annuli that
formed after the mark were then counted. For some sections it was not
necessary to bvrn 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 years
af ter t agging and injection were examined. Otol iths from fish that had
bc<>n at liberty for 1 or 2 years frequently had grown very little, making
it di fficul't to Identify annuli. When the reader examined the area
distal to the oxytet.racycline mark, in most cases the reader was aware
that t'bere could be 3 to 5 annuli. Recause the annual growth zones are
very narrow and sometimes difficult to identify, we wanted to be certain
that these zones formed annually, thus, many otol iths were examined with
a prior know ledge of the years between release and recapture,

smaller sample was examined so that the accuracy of the determination
could be estimated. The age from one broken and hi>mt section was
determined and the age from the nucleus to the mark was determined from
thc remaining half . The difference in these two determinat ions was then
compared tc the time at liberty between markinq and recapture.

Results and Discussion

Pos it Ion of f irst. annulus

The sample of 9 I'ish used for daily gr<>wth increment counts was collected
in February 1982 and fish ranged in size from 23 tn 27 cm. Since most
sabl ef ish in the Canadian zone spawn in Vebr<>ary  Mason et al., this
symposium!, these fish could be one or more years old. The lengths of
the smallest. sahlef ish captured in the Canadian zone irr 1977 and 1978
 Mcpar lane and Beamish a, this symposium! suggest that sabiefish grow
very rapidly during their first year and that. the fish in this sample
would be age 1. Fxact counts of daily growth increments were difficult
to make, however the total increment c >unt for the 9 specimens ranged
from 270 to 350 suggesting that these fish were age 1  or approximate!y
360 days old!. The r ange from 270 to 350 resulted ir> par't from the
inability to count all increments and probably represents minimum counts.
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The daily formation of these rings must, be validatedr,lust 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. lt was possible to
show that the widths of the daily zones became compressed at the edge of
the otollth suggesting that the first annulrrs was forminq on the edge
 i ig. 1!.

Fig. 1. Daily growth increments from the center, middle and edge of anotol ith From a 26 cm sablef ish. NU C iLEUS
1 � 19 days

19 � 32 days

l. 6~rrr

I i 1, 1K. Hrjcl< ~s a> r a slrow in<1 L,'r< rrrrrr",,hnir<ilrt trr Form immr di ate i v
after rr Itchin<1�-19!, and after .<Irsnrrrt iirri rrf so1k t 19-1 1.

Wl DE SPA C IN G

168 � l93 days

25 zones

Fig. 1B, Center of otolith showinq evenly spaced wide zones.
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Wl DE SPACING

25 zones

NARROW SPAClhlG

~ 25 zones

Lz~m

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

Increment 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 �982! 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 vp
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 cm when tagged and 51 cm when recovered 5
years later. This fl.sh was age 10 when tagged and 15 when recovered. If
the length frequency of a sample has a broad distribution of lengths 'that
extends beyond 55 cm, then f f sh 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 ls rapid vp to
approximately 45 cm or age 2+, it appears that the use of length to
estimate age for the first 2 years will be accurate.

Buveniles that were tagged in 1979 had as average length of approximately
44 cm  Beamlsh et al., 1980!. 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 bc age 5, it was possible to age 85'b correctly but 3 fish
still were estimated to be age 6.

Table 1. Estimate of age from sab!cfish tagged in 1979
as aqe 2+ and recovered in 1982 as age 5.

Age years  n!

Llnbiased reading"
biased read ing2

10
17

1Reader had no previ.ous knowledge of fi.sh.

2Reader knew they shout.d be aqe 5.

Interpret. ation of growth zones is not unequivocal and can be qvit.e
difficult  Fig. 7! . Younger growth is more diff icult to aqe than older
growth and there is a possibility that some fish were riot age 2+ as
thought. The estimates of these known aqe fish were either acciirate or
close to the true age, illustrating th it the method is valid for younger
fish but subject to error. At present the error appears to be
interpretative. While accuracy will improve throuqh the validation
procedure it is unlikely that. this age determination method for sablefish
will result in error free determinations.

Adults

Table 7.. SunrrIary of recoveries until Decenber 31, 1981, of fish released with
oxytetracycl inc inject ions, 1977-1978 and all other releases.

Number Vuriber Number ta.miher
injected recovered recovered unlnjected recovered recoveredCruise

3.0 226 1 0.4
5.4 866 792 33.7
7.7 2 0

36,147 5,427. 15.0

September 1977 5,279
Hay 1978 4,418
3une 1978 5,463
All other
releases of
uninjected fish

160
240
418

Dosa e of ox tetrac cline. The dosage of oxytetracycl inc ot' 100 mg/kg of
fish weight caused increased mortalit.ies in the natural environment.
There was an obvious difference in the recovery percentages ot injected
and uninjected fish from the three releases in which the 100 mq/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
�,4%! and all other adult releases that received no injection �5.0%!.



'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 iifference among treatments.

Fig. 7. Sections of broken and burnt otoliths from juveniles tagged in1979 at age 2+, photographed using reflected light. JUVENILES
B 7767360

Fig 2A. 4 female, 43 cm when tagged in November and 47 cm when recov red
in Hay 1982. The position of the first two annuli are difficult to
identify without having examined otoliths from fish "known" to be age 1
and 2.

B 77498'31

Fiq, 28. ih male, 37 cm when tagqed in October and 48 cm when recovered
in October 1982. The otolith is dif fieult to age and it is aged
incorrectly probably because the 5th aud 6th years are only one
annual growth zone.
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Fig 2C. A male, 45 cm when tagged in. October and 59 cm when recovered in
late August 1982.

Differences in growth were examined by testing the coincidence of
regression lines, and no significant differences mere found  p>0.05!.
Thus, in the laboratory the range of dosages does not affect growth or
mortality. Since there is a definite increase 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
"control" experiment for this species.

For technical re~sons, the dosage studies conducted in the natural
environment had to be separated into two cruises. This resulted in the
first release receiving more fishing pressure than the second release.
There also was some change in the fishing pattern in 1982 making it
difficult to compare the two reieases, however, it is possible to compare
the results within each release. Of the 1,477 fish tagged and receiving
no injection during March and Dune, 62 or 4.2% were recovered during the
remainder of 1981  Table 4! . Of 1,481 fish tagged and injected with a
full dose  '100 mg/kg! only 11 or 0.7% were recovered. Of the 1,472 fish
tagged and injected with 25 mg/kg diluted with 1%. saline to prcvide the
same volume of oxytetracycline, 68 or 4.6% were recovered. Eighty or
5.4% of the 1,484 fish receiving the same volume of 1% saline but no
oxytetracycline were recovered. As ail fish were released in the same
area and were subjected to the same fishing .pressure the difference in
recovery percentages between the 100 mg/kg is real and signii'icant
 t-test, p<0.05! . These results also indicate .that the concentration of
oxytetracycline and not the volume of fluid injected is contributing to
the increased mortality in the injected fish.

In the second experiment, the recovery percentage from the 75 mg/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>0.05!. More recoveries should be made to
determine if a 50 mg/kg dosage has any effect on survival. There was no
difference in the recovery percentages between fish that received
intraperitoneal and intermuscular injections.
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Table 4. Res<~its of oxytetracyline injections experiments as of
December 1982.

Experiment 1  Narch-3une 1981!

recovered
No.

recovered
No,

injectedDosage

10.5
11.7
9.6
2.5

1477
1484
1472
1481

155
173
141
37

No inject ion
1% saline"
25 mg/kq2
100 mg/kg

1 Volume equal to 100 mg/kg dosaqe.

V ol ume equal to 100 mg / kg dosage by di l u t in g with 1% sa 1 i ne,

Fxper iment 2  November 1991!

No.
Injected

No,
recovered recove red

Dosage

3.6
3.8
3.1
2.7
0.9

No in,ject ion
Intermuscular 20 mg/kq
Tntraperitoncal 25 mg/kg

'50 mq/kg
75 mg/kg

19
23
37
27
10

535
607

1187
1010
1072

As reported pr ev iouslv  Beami sh et al. 1980!, t he measurements of'
recovered blackcod indicate there has been no net increment in length no
matter how long the f ish have been at I ihertv  Table 5! . Tn fact, if all
measurements are used there has been a net. decrease in some length
groups. The absence of an average net increase is related to shrinkaqe
durinq freezing  l!eamish et. al., 1980!, It Fish were measured
immediately upon rerovery, without fre< zing then there was a definite
trend to a net increase in length with time  Table 5! . Freshl> measured
fish that had been at liberty for 1 ye <r or more grew at an average
annual increment of 0.79 cm/yr  TabIe 5!. Combining samples of both
sexes and by time at liberty rather th,<n by sex and age can hia.. the
results if unequal numbers of younger, faster growing fish are
recovered. To compare growth of injected and uninjected fish, juveniles
were excluded and sexes were considered separately, however, because of
the small sample sizes, ages had to be combined. Tt does appear that the
dosage of 100 mq/kq has resulted in significant reduced growth in the
year of tagginq  t-test, p<0,05! that was followed by a rapid increase in
growth in the second vear  Table 6!. Deyond the second year s~mple sizes
are probably too small to allow any conclusions about growth.



Tabi.e 5. Average growth of recovered sablefish.

Only sablefish i.n fresh condition
metasu!ed by fisheries staffAll. recovered sablef ish

Average
growth

 cm!

Year s
after

tagging

Average
growth
 cm!S.D. N. S,D. N.

Table 6. Average growth  cm! of recovered sablefish with release length
greater or equal to 60 omg and measured in fresh condition by fisheries
staff.  Includes recoveries up to ~r 31,1981.!

Infected fishUninfected fish

N nnber of growinga
seasons at large

a annual
increment

!t annual
increment

Hales

7
3

!r annual increment

28
21

3

Females
1

2 3

5

21
10

x annual increment

a Growing season taken as brune to September.

Tn the laboratory experiment, the 25 mgr kg <iosage produced an acceptable
mark in the otolith. A similar dosage has produced a suitable mark in
d gfi*h h k  ~hei thi !  ge»'*h d h I I*, 1983! d
li g d  g hied ~it *ttp hl h d d t i. h, f' h thel h d
the 25 mg kg dosage in the natural environment  Hd not develop as
prominent a mark in the otol 1th as the 50 mg/kg  iosage  Table 7! . Henre, the
25 mg/kg dosage does appear to be too weak for this species.
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0
0.5
1.0
1.5
2.0
2.5
3.0
3.5

-0.63
-0.25
-0. 51
-0.53
-0.67
-0.67
-0.99
-1.5

2,14
1.95
2. 30
2. 33
2.40
2.97
2.77
0.71

0.47
0. 16
0. 76
0.47

0. 54
0,44
0.95
1.39
0.80
0.80

820
1324
1490
425
'328
83

128
2

0,99
0.52
0.43
0.99
0. 61

-0.18
6.1

58
45

5 5
2

2.'91
1.81
2.63
7.81
1. 54
0.87
5. 88

-0.67
0,40

� 0.17
-0.15

-0.05
0.85
0.12
0.93

0.46

51
138
38
19
36
11
5



Table 7. Prominence of oxytetracycl inc mark,

Nunber of fish

Years at I4o
liberty Prcminent Faint markDosage

100 mg/kg
75 mg/kg
50 mg/kg
25 mg/kg

11
10
21
29

6 7
11
7

3
2
7

12

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

total of 154 pairs of otoliths were recovered in 1980 and 1981 from
fish Injected with oxyretracycline in 19T7 and 1978, 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 u ed to test the reader' s
interpretation of anrurll. Fish used in .he total sample had been at
liberty for 2 to 4 years, Most had completed three qrowinq seasons and
few had completed four growing seasons. Thus, there should be hetween
two and four annuli distal of the oxytet "acycline mark.

Table 8. Estimated years at liberty for tagced and injected sablefish.
Reader was aware of expected nurrber of annuli.

Nrmrber with
mark on or

close to edge

Est imateri nrwrber of
annul I

 numbers in parenthesis!

Expected nrjrrber
of annrr11.

during liberty
14mrher with

no mark

3 8 4
�!

3 4
�7! �!

2
�! 20

4 5
�!

The oxytetracycline mark was visible on the broken sections of mrrst
otoliths. In some there was no mark and all otoliths that had funga!
growth resulting from improper cleanIng prior to storage dir1 not have
mar k.
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In this study 65% of the recovered fish were either the same size or
shorter than the size at tagging, While measurement error and shr lnkage
during storage occur  Heamish et al., 1980!, there can be little doubt



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

Y ars at liberty

0 2 3 4. unreadable

No. 9
25

13
36

5
14

The annual growth zones in the vicinity of the oxytetracycline mark were
quite narrow for older fish  Figs. 3, 4, 5!. .Annuli, distal of the
oxytetracycline mark, could be counted on 74% af 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 atolith from sab  cfish 07720670.

B 7720670

I iq, 3A. Shows the section after burninq

The expected number of annuli were accurately determined i.n 36% of the
subsample  Table 9! when the reader was nat influenced by knowing that
the fish had been at liberty for 3 years. The expected number of annuli,
+ I year were determined correctly in 75% of 'the sample. ln no case was
the estimate of the number of annuli that formed while at liberty
sufficiently iarqe to produce a serious over-.estimate of age.

Frrars that occurred clearly resul.ted from a diff icultv in interpret ng
growth zones. While it was necessary to consider how to group some
growth zones, it usuai ly was possible to di stinguish checks from the
wider more prominent annuli.
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that growth in length of the fish ha» been very smaH during the release
period and that the narrow annual growth increment:s on the otolith are an
accurate indication of slow growth.



I-'i q, 3R.
Shows the
oxytet racy-
cline  OTC!
mark that i s
yellow under
«ltra-violet
light.

10   1977 j

0TC MARK

CHECK

Viq. 3C. 4n enia> gemen< of the grow< h aor«s that. fora<ed before and after
the mark.

Fiq. 4. Section o1' otolith from ."ahlef<sh 8772571'1.

B 772571 l

iiq, '~«, Shows the oxvtetraovcl inc  OTC! <nark that is ye1.1ow un<i<.r
ultrav io.let..l iqht.
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l5

20

! ~j ~ ! I ~ Shnwm tr1m nmntjnn r9I'tmK' hrn rr;f nil, POSIT IONI OF
OTC MARK

I- iq. -'rC. Qrr err! rr.garment vt the qernmtjr zv:rms that t'a!mr!ed trepan!.m nrrrl a!tet
th!. rl!C mntk.

r irj, ! . !met ion n$ nl qi r th t!'om mnr! in f j srr f3770'>799.

B 7705298 BROKEN AND BURNT
OTOLITH

CROSS � SECT I ON

! g . ! 6 Shnws tlat, 5'Prrt tnn elf I:.rrr Inrun In/

]l0



OTC MARK

IN SE RT C

I- tg. SI3, The enlarged se<.t ion showin<t the oxytetracyciine mark.

1972

1973 CHECK Et ANNULUS

I974

1975

1976

1977 OTC TAGGEO

1978

1979

1980

1981

1982

Fig. !C, An enlargement of the burnt section showing the position o'F the
oxytetracycline mark and the annual growth zones before and after the
mark.

For example, fish B7720670  Fig, 3! wa<s a female tagged in Dune 1978 and
recovered in Dune 1981. Since most growth occurs in the summer, this
fish was at liberty for three growing seasons. Length at tagging was 79
cm 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.! Note that the
oxytetracycline mark has formed only cn the interior surface, indicat:ing
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 B772�1'I was a female t:agged in Dune 1978 and recovered in july
1981. It had been at liberty for three growing seasons and Increased in
length from 81 to 82.5 cm. The oxyl etracyc line mark was close to th»



edge on the interior surface and on the edge on the dorsal, ventral and
exterior surface. The interpretation cf annuli proximal and distal to
the mark is difficult but typical. The broken and burnt section  Fig. 4!
indicates that checks can cause some difficulty in identifying the annuli
that form when the fish is younger but. checks become less of a problem
with age. Checks are not prominent in all areas of the otolith while
annuli remain identifiable wherever. growth zones can be distinguished.

The mean width of the three annul! proximal to the oxytetracycl inc mark
was 0.57 mm compared to 0,46 nm distal to the mark and was significantly
wider than the distal zones  t-test, P<0.01!, When a sample of 50
untagged fish was examined, the mean width of the last three annuli was
0.46 m while the group of three annuli immediate!,y preceeding the last
three annuli was 0.62 mm. Again the wi dths of the last  older! group of
three annuli was significantly smal!er  t-test, P�.01!. The smaller
widths of annuli or groups of annuli that form as the fish ages is
consistent with asymptotic growth of fI.shes. 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 enough for otolith growth to be
compared.

In 1982, otoliths were recovered from 11 fish that were given
oxytetracycline injections 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 thes fish would definitely be
underaged. The remaining otoliths did form 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 recaptured guly 14, 1982.
The oxytetracycline mark is close to the edge indicating relatively
little otolith growth, however, the annual growth zone widths before and
after the oxytetracycl inc 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 annuli 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 method of age determinat.ion
will under-estimate age rather than aver-estimate.

Of all otoliths examined onLy a very small percentage had an
oxytetracycline mark on the exterior urface. When a mark was visible it
was usually confined to the anterior and posterior tips of the
otoliths. The various sections of otcliths in this report  Figs. 3A,, 5,
6! illustrate very clearly that growth on older otoliths is concentrated
on the interior surface, While it cannot be proven that growth did not
occur on the exterior surface, it is -pparent 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

OTC

MARK

Fig. 6A. A 24 year old male that was 'i4 cm when marked but no length was
available when recovered, OTC mark is barely visible on exterior surface.

Fig. 68. A 26 year old male that was 62 cm when marked and 64 cm when
recovered, the OTC mark is only visibl<. on the interior surface.

EXTE RIOR IN TER I OR

OTC

MARK

VENTRAL

Fig. 6C. A 19 year old female that was 74 cm when ma~ked and 72 cm  loss
of length! when recovered, the OTC mark is only on the interior surfa< e.

Fig. 6D. A 15 year old female that was 50 cm when marked and 5: cm when
recovered, the OTC mark is close to the edge except for the interior
ventral t.ip.



Beamish and Chilton �982! 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 1979. Otoliths were not collected until 1980
when the fish were age 9 and 9+. The ages estimated without any
knowledge 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 is 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 f'rom 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 ome
fish annual growth zones could not be identified.

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

Age
2

biased
Age

1

unbiased
Recapture Known Lengths

year N age  cm!

1979
1980
1981
1982

62,68
60, 63, 64, 68
72, 77

2 8 or 8+
9 or 9+

2 10 or 10+
1 1or11+

8+> 9+s 8+> 10 9r 9v 9+r 10
11,11 11, 10
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  McFariane and Beamish b, this
symposium!. The 1977 year-class was particularly strong and shows a; a
prominent mode in age frequency distributions for samples collected .Ln
1980, 1981 and 1982  McFarlane and Beamish a, this symposium!, The
timing of other strong year-classes, i.dentified in age frequency
distributions corrected for mortality, agreed with independent
observations of increased juvenile sablefish abundance  McFarlane and
Beamish b, this symposium!. Thus, the age determination method is
capable of identifying dominant age groups in successive years and this
is an indication that the method produces valid ages.
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The evidence to date does suggest that the method is valid for most fish
but difficult to apply. There is evidence that ages of older fish may be
underest imated because of i.nterpretative problems or because annual
growth zones do not form. There is no evidence of serious
over-estimation of age and fish that ranged from 4 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.



Fig. 7. A male that was 37 cm  age 1-! when tagged on August 13,
1972 and 76 cm when recaptured in August 1982. The fish should be
age 11+.
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This is the first description of the biology of juvenile sableffsh from
hatching to recruitment. Host of the observations in this report are
based on the '1977 year-class. Study of the biology of Juvenf les fram
other year-classes are necessary to confirm that the observations made on
this year-class are not atypical.

Methods

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

All sableffsh were measured for fork lerrgth 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 Chflton, 1982!, length frequency analysfs and
analysis af daily growth increments  Beamish et al., this symposfum!.
Vaffdatfon of the age determinatian method is described elsewhere in this
symposium  Beamish et al., this symposium!. Stomach contents and wefghts
of juveniles were determined from a few samples considered to be
representative of the catch.

juveniles were anaesthetized prior tc taggfng using MS222  trfcaine
methane sulfonate!. Tags and tagging methods are outlined in Beamish et
al, �980! .

Results and discussion

Onshore movement

Sablefish spawn from january to March along the entire Pacific coast of
Canada at depths exceeding 3OO m  Mason et al., this symposfum!, After
hatching, the young move into the surface waters. There have been few
collections of larval sablefish. Hason et al.  this symposium! found
larvae along the entire west coast of British Columbia in April 1981.
Beamish and Chilton �982! reported juveniles ranging from 5-15 cm from
the stomach contents of seabirds in mid-August, 1977. In early Oulyr
1981, 9 juveniles averaginq 5 cm were captured in surface waters of Queen
Charlotte Sound  Mason et al., this symposium!. It is apparent from
these observations that juveniles are found in inshore waters by
mid-surmrrer.

Previous studies have also reported the capture of juvenile sableffsh.
Kobayashi �957! 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 �940! reported 4 Juvenf les �1-35 rrmr! taken at the
surface in Hay, 200 miles seaward of Cascade Head, Oregon. Sameoto and
jaroszynski {1969! captured 4 larvae  9-10 mm! in March in surface waters
along tow line "P", 45 and 110 mlles offshore. Ouvenffes, 12-16 cm have
been taken at depths of 320-410 m off Oregon during 3uly  Heyamoto, 1962!
and larger fish 20-30 cm were frequently observed in shallow bays and
inlets from California to Alaska  Bell and Gharrettr 1945; Edsonr 1954!.
Juveniles estimated to be age 1 and 2 were observed during 1978 at depths
of 100-200 m in an area from Unfmak Island to !9 degrees north
 Wakahayashi and Yaker 1981; Wakabayashf arrd Fujita, 1981!.

Juveniles are commonly observed inshore . Fishermen have routinely
reported juvenfle sableffsh 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, juveniles are commonly found in johnstone Strait
off northern Vancouver Island and in 1972, Kennedy and Smith �972!
tagged approximately 1,000 juveniles in this area. The continued
occurance of juveniles in some areas has caused "some fishermen to
believe that some juvenile sablef ish never become adui.ts".

Distribution

During late 1977 and 1978, juvenile s>blefish 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,
/veen Charlotte Sound, and off the southwest coast of Vancouver Island.
Although these reports reflect the fishing activities of the domestic
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 be high durinq 1979 and
early 1980  Fig. 2, 3!. Discards decl lned sharply in late 1980 and 1981
 Fig. a! despite high trawl effort. Coincidentally with this was an
increase in reported discards from the commercial trap fisheries off the
west coast of the  !veen 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 juveniles �977 year-class! tagqed in the inside waters in
1979, '1980, 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!, Increasing numbers of recoveries with time
have been made off the west coast of the /veen Charlotte Islands, west
coast of Vancouver Island and in United States waters  Beamish and
McFarlane, this symposium!.
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5a'
Fig. 1.
Dzstrxbutzon of
juvenile sablefish
during 1978 as
reported from the
Canadian trawl and
trap fisheries.
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Fig. 7.
Distribution of
juveniie sablefish
during 1979 as
reported from the
Canadian trawl and
trap fisheries,
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Fig.
Distribution of
juvenile sablefish
during 1980 as
reported from the
Canadian trawl and
trap fisheries.
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Fig. 4.
Distribution of
juvenile sablefish
during 'f981 as
reported from the
Canadian trawl and
trap fisheries.
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Movement within the inside waters is 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 recoveries in the
area of release in the 1980 inlet tagging stiIdy  Table ?! is a reflection
of a directed fishery in this area, allhouqh it does indicate that a
large percentage of these fish remain In the inlets at least until age
5+. There was no apparent migration pattern for juveniles recovered in
the inside waters, There was a definite northward migration of fish that
moved out of the inside waters  Beamish and McFarlane, this symposium! .

Of fShor'e moveme~It 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 McFar lane, this
symposium!. Of fish moving out of the inside waters during 1981
approximately 68% were recovered in the Gulf of Alaska  Beamish and
McFarlane, this symposium!. Juveniles tagged In 1981 were excluded from
this analysis as a large percentage �0%! were from succeeding
year-classes  Beamish and McFarlane, this symposium!. Correcting this
movement for 70% non-report ing in the United States zone  Bracken, 1982!
the percentage of ol'fshore recoveries In the Gulf of Alaska becomes
approximately 88% for 1981. In 1982, the percentage of juveniles
recaptured in the GIjlf of Alaska increased  Beamish and McFar lane, this
symposium!, however, for this report only 1981 figures are used, as
calculations are based on 1981 age composition data. Very few fish have
heen recovered south of the Canadian zone. It is apparent that rearing



Table 1. Recoveries of tagged juveniles frcm lagging studies in Queen Char lotte
Sound and Hecate Strait 1'979-1981. % recoverics are io parentheses.

Recoveries

Queen Charlotte Hecate
Total Sound Strait Offshore

Release
Date Release area

Recovery
date

'13 �4!
32 �1!
28 �1!
~73 42

1979 Queen Charlotte Sound

7 �0!
25 �1!
13 �3!
~55 38!

Hecate Strait

3 �0!
1 �00!
~467!

1980 Queen Charlotte Sound

27 �6!
37 �6!
~64 52

Hecate Stra It

84 �8!
19 �2!

513 �1!
14 �4!

1 �!
26 �4!

1981 Queen Charlotte Sound
Hecate Str ait

1982 143
59

Table 2. ReCO82eries of tagged juveniles from tagging
studies in inlets dur ing 19SO. % recoveri es are In parentheses,

Recoveries

Hecate
Strait OffshoreInlets

5   1!
9 �! 48 �8!
3 �! 35 �6!

12 111 ~88 91

19SO 480 472  98! 3  'I!
1981 F74 189 �9! 28 �0!
1982 ?29 161 �0! 30 �3!
1 I I 983 8822 98 61 666

1980
Inlets

Table 3. Contriihut ion of the 1977 year-class to commercial catches in
1979-1981.

>n numbers

198119801979Are !

I'1. 9

14.26.9 19. 3Total

ReIease
date and Recovery

area date Total

Queen Charlotte Islands
Queen Charlotte Sound
Vancouver Island

19SO
1981
1982
Total

1980
1981
1982
Total

1981
1982
Total

19h1
1982
Total

92
45
39

176

65
36
18

119

74
49

'123

72 �8!
12 �7!
8 �1!

52

3 �!
4 �1!
3 �7!

10 ~ 8

2 �0!

2 ~33

10 �4!
5 �0!

15 ~I2

 !uecn
Charlotte

Sound

7  8!
1 �!
3  81

T1 116'

55  85!
7 �9!
2 �1!

54!

37 �0!
7 �4!

~44 36

10,2
11.3
18.9

6.2
20.6
32.4
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Fig. 5. Recoveries as of December 31, 1982 of Juvenile sablefish
released in Queen Charlotte Sound, Hecate Strait and the coastal inlets
in 1979-1981. Insert shows fish recovered in U.S. waters.
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grounds in Hecate Strait and Queen Charlotte Sound make a significant
contribution to the United States fisherv in the Gulf of 4faska.

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-wide fishery  Table 3! showed an increase in the
contrf but fon  In numbers! of the 1977 year-class from 6,9 percent in 1979
to 14.2 and 19.3 percent in 1980 and 1981 respectively  fish completing
their 3rd and 4th years of growth!. Thu" the juveniles which moved
offshore matured for the first tIme in 1981 and spawned in 1982.

Because the percent recoverfes offshore .increased in 1982 it is probable
that recruitment will continue in 1983. It was not determined if the
juvenf les remaining inshore during 1981 matured.

The recoveries of the juveniles tagged by Kennedy and Smith �972! off
the northwest coas t of Vancouver Island indica te that while some moved
out of the Canadian zone, most recoveries have been and are being made in
the offshore zone adjacent to the release area  Fig. 6! .
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Fig. 6, Location and
year of recovery of
sablef ish tagged
oFf the northeast
coast oF Vancouver
Island during
1972.

5G*

cs

X R-, E>R~ nr VCR

1 1
135 25'13G

126

Recoverfes of juveniles tagged in the inside waters were distributed
equally fn the off'shore areas  Fig. 5; Boamish and McFarfane, this
symposium! . Commercial catches of untagged juveni les indicated a much
greater conrentratlon 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 Isl~~d.
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Table 4. Hean lengths of tagged juveniles recovered off shore and in inside
waters during 1980-1982  number of fish in brackets!.

Inside waters

!   an!

Offshore

X  cm!

1980 Male
Fanale

1981 Male
Female

1982 Hale
Female

The mean lengths of tagged juvenile sablefish fram the 1977 year-class
recovered offshore during 1980, 1981, and 1982 were 48.82 52 ~ 7, and 54.1
for males and 49.2, 56.0, and 56.9 for females. The mean lengths of
these offshore recoveries were significantly greater  t-test, p�.05!
than those recovered from inside waters for the same years, 45.0, 49.0,
and 52 for males and 46.0, 51.6, and 52.5 for 1'emales  Table 4!. The
majority of Pish 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., this symposium; HcFarlane and Beamish, this symposium!
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indicating that recruitment to offshore waters Is in preparation for
spawning and is size related. These ffsh were tagged in 1979 and
1980 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
available, 50% were mature,

Growth

Examination of modes in the length frequencies  Fig. 7! fndicates that
growth In length is quite rapid initfally with fish averaging 28 cm fn
November at the end of their first year of growth �+!, Samples of this
year-class in the spring averaged 31-33 cm  Fig. 7!, indicating that
growth is greatly reduced during winter months, juveni les reach 40 cm by
the end of their second year of growth  age 1+! and at age 2+ and 3+
 thfrd and fourth years of growth! mean lengths were 45 and 50 cm,
respectively.

Table 5. Mean length  cm! of each age-class of juvenile sablef ish caught
fn Hecate Strait and Queen Charlotte Sound in 1979.  Sample size is fn
parentheses,!

Age Male f emale Male and female

~bt b
37.0 �!
41.5  86!
42,7 �0!

November
29.4 �!
40.26 �!
43.4 �9!
45.6 �!

30.7
39.3  8!
44.8 �5!
49.0 �0!

Growth curves constructed from the mean lengths  Fig. 8! for each
frequency distribution were similar to growth determined from otoliths
 Beamish et al., 1980; 1983!. The von Bertalanffy growth equation  Fig. 8!
for juveniles fs

Samples collected fn Hecate Straft and Queen Charlotte Sound during
November 1979 and August 1981 fndfcated that the average length of
females after age 2+ was significantly greater  t-test, p�.05! than that
for males  Table 5!. While sample sfzes are small it does appear that
differences in the rate of growth of males and females begin before
maturfty.

Ouvenfles fn the samples ranged fn weight 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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L = 522 �- ' ' !
with length ln cm an! time fn months.

30.2 �2!
39.7 �4!
43.7 �45!
47,6 �7!



was 240 g, 550 g, 740 g, and 960 g. The length-weight relationship
-6 3 . 0619;

 Fig. 9! can be expressed by the equation W = 7 5  10 �!
where weight is in g and fork length in cm.

ht 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.

42I

2 I7 1977 ~ I9 78 1 1979 988 t
I 8 I

AR5
Fig. 8. Growth curve of juvenile sablefish as determined by the mean
lengths of the 1977 year-class at various times of the year, The curve
was derived from the von Bertalanffy growth equation

-0.07   t-0.24!
t

with length in cm and time in months.
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Fig. 9. Relationship between fork length and round weight for juvenile
sablefish captured in  !ueen Charlotte Sound and Hecate Strait.
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Sex ratio

Samples of trawl-caught juveniles captured in November 1979,
October 1980, and August 1981 indicated that the male/female ratio was
1:1; 296:269; 224:244; and 101:99, respectively. Onless there is
differential mortaLity acting on adult fish after maturity, it is
probable that the male/female ratio found in the commercial fishery
during spawning �:3!, and at other times �:1.5!  Beamish et al., 1983;
Mason et al., this symposium!, is a reflection of a sampling bias due to
the fishery.

Feeding and predat.ion

Examination ot the stomach contents of 864 juvenile sablefish captured in
bottom trawls in Queen Charlotte Sound !nd Hecate Strait during 1979 and
1980 indicated that fish comprised the major component. of the diet.
P 1'1 h ' g  C~t* h mm ! '19 by 1 d 'd tlf' d
fish remains 20%. Euphausiids, were the major invertebrate prey �5%! 9
unidentified crabs and shrimp, jellyfish, squ d and unidentified
invertebrates were also consumed.

Although adult sablefish probably have few natural enemies, juveniles
undoubtedly experience high mortality d«e to predation. Juvenile
sablefish are frequently found in the stomachs of halihut  Hi o lossus
~t  '*! � ll d gt. PL, 1910! o d 1 0 bl f'oh 9 d*l
'f976!. In Canadian waters, large numbers have been identified Ln the
stomachs of Pacific cod  Gadus macroce halus!  Westrheim and Marling,
'lgd!!, 1' g d � h odo Lowt t * d p' y d gl'1 h  ~d 1 * * thl !
 unpublished data

Relative abundance of the 1977 year-class and impact on other
commercially 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 29090
and 1,503 t in 1979 and 1980, respectively. Many fishermen interviewed
simply reported "large numbers" or "large amounts" of discards. We
estimated that total discards could be 50-10 % higher than reported and
could approach 3,000 t.

Since fishermen did not direct their effort on juveniles, we estimated
the exploitation rate to be 5%. This exploitation rate is approximately
1/2 to 1/4 of exploitation rates for most commercial species and may be
high. Riomass estimates calcu!.ated assuming this exploitation rate and
the reported and estimated discards ranged from 41,000 to 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 cruises and the
commercial catch. The 1977 year-class contributed 19.31!  numbers! to the
1981 fishery  Table 3!. Contribution to the stock was determined using
population abundance estimates from tag release-recovery studies
 Hcf arlane and Heamish, this symposium! and 50'6 recruitment at age 4.
The ahundance of this year-class in the fishery in 1981 was estimated to
be 4,079 t. However, as discussed previously approximately 88'4
 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 rata
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Table 6. Reported Canadian blackcod discards  t!, 1977-81,

Area

Year 4B 3C 3D 5A 5B 5C 5D 5E Total

9,1 � 11,8
89.9 .4 357.5

942,1 5.1 2089.6
663.3 22.0 1502.6
180,5 4.27 346.8

1977
1978
1979
1980
1981

2.7
63.8

383.0 24.6
281.3 83.7
48.2 0.6

86. 1
160. 6
34.7
'>.2

101. 8
298.1
307. 2
63,5

6.8
4.2
3.3
0.2

8.6
271,9
107. 0
44,3

Table 7. Estimated production of the 1977 year-class. Estimated biomass at
age is based on age composition data frcm research and care>ercial catches and
tag release-recovery population estimates.

Inst. Inst. Year -class Meana

Mean wt growth growth biomass biomass Production

Date  qm! W rate G rate 2  tonnes! B  tonnes! B  tonnes! P

2X10
11,700

24'!

0,313

0.260

7,3180,189
 >'160

a Corrected for migration of 1977 juveniles into Gulf ot Alaska and
7 R non-reporting.

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

Ration
 tonnes!

Production
 tonnes! P

Conversion
rate K

0+
0+ -1>
1+ � 2+
2+ -3>
3> � 4+

843,055
158,185
81, 588
63,211
43,047

0.25
0.20
0.17
0.17
0.17

210, 764
31, 637
13,870
10, 746
7,318
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Mar 77

Nov 77

Nov 78

Nov 79

Nov 80

Nov 81

2,400
1.609 18,014

33 >I328
0. 511 39>155

45>294
0.357 44 > 312

43, 368
0.357 41, 331

39,383
0.223 38,721

38,070

210,764

31, 637

13,870

10, 746



gives biomass estimates of' 43,368 t f' or 1979 and 39,383 t for 1980
 Table 7!, sfmilar to the estimates obtaf.ned from dfscard analysis.

It is probable that f'isherfes for many ~pecies will be affected by
sablefish predatfon and competition. Ii is the purpose of thIs
preliminary analysis to estimate the potentfal fmpact of' the '!977
year-class on the trophic system.

Prelfminary estimates of the production were determined using the
procedure outlined by Chapman �968! and estimated food consumption
  rat ion ! was calcv lated by:

Production
K

Ration
where K = production ef'ficiency,

Estimated production and ration requfrements for this year-class are
presented in Table 7 and 8. Although data ls lacking to permit
quantitative estfmates 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 fnstance, up to age 1+ �nd year of
growth! the estimated food consumptfon of this year-class is
approximately 1 million t, predominately plankton. Competition between
species which share the midwater plankton resource must be examined and
the response of' both prey and other predators determined.

The impact of sablefish predatfon on other fish species is an important
component of the system. For example, during their thfrd, fourth and
Fifth year of life the estimated consumption of' this year-class was
187,896 t  Table 8!. Samples collected in the fall of 1979 and 1980
Indicated that fIsh composed 61% of the dfet by volume, accounting for
114,586 t over the 3 year period or 35,000 t annually. As reported
prevfously herring was the ma!or food item, accounting for 41% of the
total diet or 68% of the ffsh species e«ten. Thfs can be converted to a
total biomass of 77,017 t over the 3 year perfod or an annual consumption
of herring of approximately 25,000 t, It fs unlikely that the estimate
is truly reflective of herring consumpt on as samples were obtained onfy
during the fall, however it does indicate the fmportance of sablefish
predation on other fish species. Predator-prey relationships are an
important feature of sablefish dynamfcs and must be examfned.

The interaction of a strong year-class with succeeding year-classes may
be a key parameter in determining the aqe structure of the stock. Direct
competition and cannibalism are probably equally important in determfnfng
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. 8eamish
Gordon A. I@cFarlane
Department of Fisheries and Oceans
Nanaimo, British Columbia, Canada

Observations of maturity state from over 12,000 sableflsh collected from
locations all along the west coast of C canada  Fig. 1! indicated that the
period of peak spawning was mid-February. Using daily observations we
show that 50% of the females spawned hy February 12  Fiq. 2!. This date
proved equally appropriate for fish sampled off Vancouver Island, Oueen
Charlotte Sound and the queen Charlotte islands, indicating no
siqnlficant latitudinal effect. Little spawninq was evident in 3anuary or
April based upon our maturity data.

Ichthyoplankton hauls indicated that hlohest individual catches of egqs
were taken in january and Fehruary  Flq. 3!. The qeometric mean catches
by cruise indicated peak spawning activity in February. The number of
positive stations for larvae was greatest in April, suqqestinq a period
of embryological development exceedinq several weeks. The
ichthyoplankton survey and the maturity survey both showed that spawning
occurs almost simuitaneously all along the coast. From the qreater
abundance of eggs in mid-F ebruary, the ichthyoplankton surveys indicate a
greater spawning activity in late January than was Indicated from the
maturity observations. Since maturity observations were made on trapped
fish, one might araue that such observations are biased toward feeding
fish. However, the present data pteclude effective testing of this
assumption and we conclude that most spawning occurred durinq 3anuary and
February, with peak spawninq occurrlnq in February,

The samples oF spawning fish were obtained at depths ranging from 175 m
to 1450 m but most fish were cauqht at approximately 700 m as this is an
averaqe fishing depth for commercial fishermen. The largest catches of
both eggs and larvae were taken at stat.iona where tow depth exceeded
400 m. Of 27 catches exceeding ?5 eggs/10 m2, 23 catches  85%! were
taken at samp ling depths exceedinq 400 m. Similarly, the six hlqhest
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Fig. 1. Capture locations for spawning blackcod.

catches of larvae were taken in tows deeper than 400 m, and 11 of 15
catches �3%! were made at tow depths exceeding 400 m,

Almost all eqgs were f'ound at stations over or adjacent to thp
continental slope. There was no indication o1' major spawninq areas ln
3ohnstone Strait y Hecate Strait or Oueen Charlotte Sound, While
fishermen have reported that small stocks of sahlefish spawn in some
mainland inlets, there remains litt1e doubt that the major spawning area
ls alonq the continent.al slope.

The coastwlde distrihution of spawninq activity suggests an absence of
spawning migration, and this interpretation is supported by the results
of our taqqlnq study, A total of 128 taoqed sahlefish were recovered
during the maturity study. These fish were tagged from February to
September, 1977 to 1980, as part of a program to identify sablef ish
stocks tn the Canadian zone. Of 'f78 taqs recovered, 90% were taken
within 200 km and 81% within 100 km nf the tagqi nq location indlcatinq
that there is no extensive annual spawnlnq migration, although 1ncalized
movements may occur.
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Fig. 3. Geometric mean catches of blackcod eggs and larvae
along the Paci f lc coast of Canada, 1980.

Fifty percent of females and males spawned for the first time at an age
of approximately 5 yr. Length at 50% maturity was approximately 58 cm
for females and 52 cm 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. I'he sex ratio of juveniles was
equal. Fecundity estimates are described by the equation

F = 1.11987FL2 8244.

After hatchinq in March and April, postlarvae moved into the surface
waters and were found >100 miles off shore in late March. 3uveniles were
found on the surface ln inside waters in 3uly and August, attaining a
length of 9 cm by early August. 3uveni les may remain in inside waters
until maturity when they return to the spawning areas.

I3aily growth increments were examined from 9 juvenile sablefish  see
Beamish, Mcf arlane, and Chilton, this symposium, "The use of
oxytetracycline and other methods to validate a method of age
determination for sablefish"!. The pattern of daily qrowth suggested
that the first month ot growth occurs at spawning depths, then there is a
period of approximately 4 months durinq which growth is irregular as the
larval sablefish moves inshore in the surface waters.
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Progress in the study of the biochemicsl
genetics of sablefish

A.J. Gharrett
Margery A. Thom880h
University of Alaska
Juneau, Alaska, U.S.A.
and

Lisa N. Wlshard

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

This is a progress report in our study of the biochemical genetics
f tl  t 1  ~A 1 ft b i .j, 0 1t Ill 1 id d

more completely elsewhere.

Biochemical genetic data has served as a means for identifying dis-
crete stocks and separating mixtures 1nto component stocks  eg.
Ryman er al., 1979; Grant et al., 1980!. Over time, the genetic
compositions of reproductively isolated populations may divergent
This divergence may provide a means for 5dentifying 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 thi.s problem from a genetical point of
view. Starch gel electrophoresis is a tool commonly employed for
obtaining genetic data on a population. The nature of the data is
binomial or multinomial and is somewhat similar to that of ABO
blood grouping in humans.

Tissue samples of more than 1900 sablefish were collected for bio-
chemical genetic analysis between 1978 and 1981, The samples were
procured primarily through the Northwest and Alaska Fisheries
Center  NWAFC!  OS National Marine Fisheries Service!. The geogra-
phical locations sampling extend from Patton Escarpment off southern
California along the continental shelf of Oregon, 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 in 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, wfthin 1 latitude
and I' longitude of each other and which displayed no heterogeneity
were pooled, Pooled collection of less than 40 specimens were
eliminated from the analysis. Twenty-one groups resulted from



Figure 1, Geographical locations of collections of sablef ish and
tentative groupi.ngs of maximum insignificance as determined from
a stepwise test procedure using G-statistics.

this treatment  Figure I!.

These co11ections were not made on spawning populations and, there-
fore, do not necessarily represent discrete stocks.

Two laboratories were involved in this prospect, those of Wishard and
of Gharrett. We exmained 37 electrophoretically 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 error, To eliminate this possibility, and because
many of the allelic frequencies were so small they wou1d have to be
pooled to be useful statistically, the frequencies of less common
alleles were pooled with frequencies of alleles having similar elec-
trophoretic mobil ties. Nine loci had sufficient variability to be
useful in examining the existence of stock structure  Table 1!.

Inter lababoratory comparisons were made with data pooled as describ-
ed above for these nine loci. While there was considerable overlap
in the geographical range of samples examined by each lab there was
no a priori reason that t' he total samples for the two labs should be
homogeneous. However, log-liklihood ratio comparison  Soka1 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
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Table l. Elecrrophoretic loci
used in Analyses

AnaIyses were made of the geo-
graphical variation among col-
lections. These data wi11 be
more completely reporred else-

where. It was found that after performing stepwise test procedures
 STP! using Iog-liklihood analysis  Sokal and Rohlf, 1969!, some
genetic substructure does exist. In several geographical regions,
collections were relatively homogeneous whereas other regions appear-
ed to be comprised of more discrete groups of sablefiah. The
distribution of maximally insignificant collections is depicted in
Figure 1. It appears that collections from California are homogene-
ous as are the southeastern Alaskan samples, the northern Gulf of
Alaska samples, and the Aleutians Island and Berfng Sea samples.
Samples from the Pacific Northwest and northern Hritish Columbia
appear to exhibit considerable heterogeneity suggesting the existance
of localized populations. It is possible that some of this structure
may be attributed to oceanographi.c conditions.

A comparison was made between the heterogeneity observed within group-
ings to that observed between groupings. This was done by creatfng
an F-statistic from the ratio of the two G-statisics describing
those heterogeneitfes. Although the groupings were originally de-
rived by using a maximum nonsigniffcance procedure, the F-statfsti.c
indicates there is only a 3.1X10 chance that these two levels
of heirarchy reflect comparable heterogeneties.

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

ADA ADH CX PGI2 PGMI PMI2 6PG2 SDH SODL

2,99 0,37 2,07 0.00 0,99 14.16 0.13 2.95 6.34
1df 2<if Idf Idf ldf 1df 1df 2df 3df

Total 33.53 30df

w/o PMI2 19,19 19df
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Adenosine deaminase  ADA!
Alcohol dehydrogenase  ADH!
Creative Xinase  CX!
Phosphoglucose Isomerase  PGI2!
Phosphoglucomutase  AGH1!
Phosphomaunose Isomerase  PMI2!
6 Phosphogluconate dehydrogenase

�PG2!
Sorbitol dehydrogenase  SDH!
Superoxide dismutase  SODL!

The data were rhen stratified
by depth of capture into four
groups differing by approxf-
mately 140 meters. Log-liklf-
hood ratio analysis was per-
formed on the four groups for
all eight loci, No signifi-
cant differences were observed
that related to depth of cap-
ture  Table 3!.



the two labs. To obtain the
most conservative interpre-
tation, subsequent analyses
were performed without FH1
data.

~Deb 1 NSA S 1 St*

303-430 m
480-560 m
675-692 m
794-1292 m
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218
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for her help in putting this
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Table 3. Genetic comparison of
sablefish captured at different
depths. The limits for each of
the four depth ranges compared
and the sample size for tbe
locus at which the fewest obser-
vations were made for each depth
range are shown. The G-statis-
tic for the comparisons involv-
ing eight loci and the degrees
of freedom are also shown.

50TE in the presentation at
the symposium, it was stated
that the two California col-
lections were distinct. Re-
view of the data, however,
shows no differences betwee~
them. The other data present-
ed were correct.
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Abstract

After five consecutive years of marking and recapturing sablefish, a
total of 11!,604 fish were tagged and 7,576 recaptured as of December 31,
1981 . Host fish  88 .7X! were recaptured within 200 km of the release
area, indicating that once adults are recruited into the fishery they
were fished as localized stocks. In general, within the Canadian zone
the pattern of movement off Vancouver Island and the Queen Charlotte
Islands is different. There is a slow movement of adults out of the
release area and there are small numbers af fish that undergo extensive
movements. A total of 5.5X  or 9X when ad]usted for non-reporting of
tags! of the recoveries of adults were made in the United States zone.
Preliminary res~its from the United States tagging program show that more
adults move into the Canadian zone fram the Gulf af Alaska than move into
the Gulf of A1aska from the Canadian zone. There was no indication that
large numbers of adult sablefish undergo 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 fishery indicated that sablefish
should be managed as several stocks. In contrast to adults, Juveniles
tagged in Hecate Strait and Queen Charlotte Sound have moved offshore in
increasing numbers and in 1982, 7% of all offshore recoveries were made
in waters of f Alaska. Estimates of the abundance of the juveniles reared
in Hecate Strait and Queen Charlotte Sound and the very high percentage
of these fish that are recruited into the fishery of f Alaska, indicate
that the Canadian zone provides an important rearing area for Juvenile
sablefish that ate recruited into the United States zone

Introduction

1'I Cif till.h ~AI ffbt! tggl.gpg titbit*d
in 1977 to identify stocks in the Canadian zone, Adults were tagged off
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the west coasts of Vancouver Island, the Queen Charlotte
outside of Queen Charlotte Sound  Figs. 1, 2, 3!. A few
tagged in mainLand inlets and in Queen Charlotte Sound.
primarily from the 1977 year � class were tagged in Hecate
Charlotte Sound. The program was well advertised snd is
supported by Canadian fishermen.

Islands and
adults were
Juveniles,
Strait and Queen
strongly

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 �982!. The tagging study was also
used to make an approximate estimate of biomass, however the study was
not designed to produce population estimates.

The results of the age validation studies, population estimates and
biological information collected during the program are summarized in
other papers in the symposium  Beamish et al., McFarlane and Beemish &
b! ~

Materials and Methods

Fishing methods

Tagging methods

The primary tag used was the Flay FD-68 anchor tag . Approximately 10X
of the fish received a second "suture" tag  White and Beamish, 1972;
Beamish et al., 1979!. Trap-caught fish were transferred directly into
holding tanks that had a continuous supply of sea water. Each fish was
dipped out, measured for fork 1sngth, tagged and then released
immediately over tbe side of the vessel. The majority of fish sounded
and were 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 chen carefully removed and the fish put into a holding
tanks Approximately 30X of long-line caught fish were not tagged due to
hook wounds. Anaesthetic was not needed with either the trap- or
long-Line-caught fish.

Trawl-caught juvenile sablefish were anaesthesized prior to tagging using
MS 222  Tricaine Methane Sulfonate!. The response to anaesthetic was
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. Ho juvenile fish received
two tags and none had injections of oxytetracycline.
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The various gear that was used to catch sablefish has been described in
Beamish et al. �978, 1979, 1980, 1983!. Rectangular and Korean style
traps baited with frozen herring were used in most cruises. Bottom
trawls were used to collect most juveniles and a smail percentage of fish
were captured with long-line gear. Fishing times were adjusred to ensure
best survival of adults and juveniles. Very little mortality wss
observed in trawl- or trap-caught fish, For example, 3,909 juveniles in
lots of 300-400 were held in recovery tanks for I/2 to 3 hours and only
30 or 0.8X died.



Fig, 1. Recoveries as of December 1961 of sablefish released off the
west coast of Vancouver Island from 1977 � 1980. Insert shows tags
recovered in USA waters.
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Fig. 2. Recoveries as of December 198. of juvenile sablef ish
released in queen Charlotte Sound, Hecate Strait and the coastal
inlets in 1979 � 1981. Insert shows f ish recovered in USA waters.
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Fig. 3. Recoveries as of December 198l of sablefish released off
the west coast of the Queen Charlotte Islands and Queen Charlotte
Sound from 1977-I981, Insert shows fish recovered in USA waters.

151



Sampling methods

Starting in 1980, sablefish were measured for fork length to the nearest
millimetre rather than to the nearest centimetre as in prevfous years.
Lengths to the nearest mx 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 weight, sex and maturity were determined, and otoliths
collected for age determination. Sample lots were selected that were
thought to be representative of the size composition of the catch.

Recovered tagged seblefish were measured for fork length to the nearest
mtllfmetre, examined for sex, maturity, stomach contents, abnormal tag
wounds or other injurfes, and sampled for otoliths. Most recovered fish
were frozen before measurements of length were taken.

Age was determined from broken and burnt otoliths as described by Beamish
and Chflton �982!.

Oxytetracyclfne dosage studies

The validation of an age determination method is essential for the
understanding of the biology of any fish- One of the few methods for
validatfng age determination is to inject oxytetracycline into a fish so
that a mark is deposfted in the ageing structure . The most suitable
dosage necessary to produce this mark in sableffsh was determined
initially from previo~sly published studies  Kobayosbi et al., 1964;
Weber and Rfdgway, 1962, 1967!. It was soon realized that this dosage
�00 mg/kg! caused increased mortality  Beamish et al,, this symposium!.
The most appropriace dosage from field studies 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 the experiments where double taggfng was conducted, 9. 1% of the fish
received a second tag. The recovery percentage of double-tagged fish
 8.1%, Table I! fs very similar ro the release percentage indicating that
no increased mortality resulted from applying two tags. There was an
overall loss of one tag from 12,6X of the double-tagged fish  Table 1!
with the suture tag being lost from 5.3% and the anchor tsg from 7.3%.
There is no obvious trend to the loss so it is not possible to conclude
that one type of tag is more suitable . Recoveries of fish with lost tags
have occurred each year with no increased trend  Table 1!, indicating
that most losses occurred shortly after tagging.

It is apparent from the double-tag studfes that tag loss is important'
While ft is possible that the loss of one of the two rags is not
indicative of the loss when a fish receives only one tag, it is more
probable that the results are representative of actual tag loss.

Based on a previous study  White and Beamfsh, 1972! it was expected that
the suture tag would not be lost ff properly applied . However there were
losses, possibly because of the technical difficulty of applyfng the tag.

1'5 2



Table 1. Double-tagged fish, cumulative cag recoveries for' 1977%1.
percentages indicate tag loss from fish that. received both tags.

Recovery year after tagging

Release
year 1 2 3 4 Total  X!

1977
 n 1026!

suture lost
anchor lost
both tags

3 �.1!
6 �.3!

132  93.6!

141

1 2
1

30 18 9

30 20 11

3
64

67

2
11

13total

4
1

23 9

1978
 n=l054!

6  8.3!
2 �.8!

64  88.9!

72

suture Lost
anchor lost
both tags

2
1

24

27 27 10total

1979
 n 1386!

suture lost
anchor lost
both tags

3
7

92

4
9

93

7
9

41

14 �.3!
25  9. 4!

226  85.3!

265102 57'tora I

1980
 n-1610!

4 8
58

70

10 �.1!
12  8. 6!

118  84.3!

140

6
4

60

suture lost
anchor lost
both tags

70total

193 270 114 30 11 618  8.1!Torsi

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 Strait or Queen Charlotte Sound  Table 2!. These areas will be
referred to as inside waters, Oxytetrscycline injections, with dosages
derived from the literature, were suspended in 1978 when it was
determined that the dosage was causing mortality  Table 3!, Ln 1981,
10,431 fish were tagged and injected with varying concentrations of
oxytetracycline as part of the study to determine an effective and safe
dosage for sablefish. Results of these studies are reported elsewherein
this symposium  Beamish et al., this symposium!,
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As of December 31, 1981, 7,576 tagged sablefish have been recovered
 Table 2!. The total percent recovery is 6 ' 6X or 10.7K 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 zecrui.ted into the "offshore" fishery, Also, if the fish
injected with a dosage of 100 mg/kg of oxytetracycline are excluded
because of the increased mortaIity, then the percent recovery becomes
15.0X.



Table 2. Releases and recaptures of tagged ssblefish as of December 31,
1981 for all tagged sablefish.

No. �! of
tagged fish
recovered

No.
of fish
taggedRelease area and date

Queen Charlotte Islands
Vancouver Island
Queen Charlotte Islands
Vancouver Island~ueen

Charlotte Sound
Queen Charlotte Island
Vancouver Island
Queen Charlotte Island
Queen Charlotte Island
Queen Charlotte Sound-

Hecate Strait
Queen Charlotte Sound-

Hecate Strait
Departure Bay
Queen Charlotte Islands
Vancouver Island
Queen Charlotte Sound
Inlets
Queen Charlotte Islands
Queen Charlotte Sound-

Hecate Strait
Queen Charlotte Islands
Queen Charlotte Islands
Queen Charlotte Sound-

Hecate Strait
Queen Charlotte Islands
Unknown t'elease area

July 77
Sept 77
May 78
June 78

5>158
5,505
5,284
5,465

1,204 �3.3!
161 �.0!
532 �0.1!
418 �.6!

Oct 78
Nay 79
June 79
Aug 79
Oct 79

121
9, LLL
6,339

282
12,983

�7.4!
�3.2!
�1.9!

�.4!
�.1!

21
1, 204
1, 390

21
L46

Nov 79 12,528 80 �.6!

Dec 79
Feb 80
Mar 80
Mar 80
Hay 80
July 80
Oct 80

26
1,538
4,703
3,110
7,019
2,547

11,148

1
151
560
399
754
116

75

� 8!
 9.8!

�1 .9!
�2.8!
�0. 7!
�.6!
�.7!

Mar 81
June 81
Aug 81

3, 112
2,908

12,306

118
104
40

�.9!
�,6!
�.3!

4,411Nov 81 0
81

7,576 �.6!115,604Total

The recovery percentage of 6.62 is higher than that observed for any
other major sablefish tagging study  Wespestsd et al., 1978, 2,92;
Sasaki, 1979, L.62; Phi.llips, 1969, 0.22-4.632! and the percentage in
this study obviously will increase with time. The percentage is high
because the relatively small number of fishermen in the Canadian fishery
are extremely supportive of the study and make every effort to return
fish. We suspect that care during the tagging operation and the tendency
for fish to remain in the release area also are important reasons for the
high rate of returns.
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Recovery percentages vary among release areas, treatments and time at
liberty  Table 2!, The highest percentage recovery of 23,32 is for the
July 1977 cruise off the west coast of the Queen Charlotte Islanders The
lowest percentages for fish that have been at liberty for more than 2
years is 3.0X 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 pig. 4 is 252 for the high recovery study. No asymtotic recovery
percentage is projected for the low recovery rate as cumulative
recoveries are continuing to increase  Fig . 4!,
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Pig, 4. Cumulative percent recovery of tagged sablefish ~
A. Non-injected fish released in July 1977  Queen Char1otte Islands!
B. Injected fish released in September 1977  Vancouver Island!.

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

Fish that were tagged in mainland inlets in May 1980 were a mixture of
juveniles and adults. There was a greater number of adults in the inlet
sample compared to samples from Hecate Strait or Queen Charlotte Sound
 Fig . 5! . The recovery percentage i.s 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 uot fI.shed commercially
except as incidental discards by bottom travlers. It is anticipated that
most of these fish vill be recruited into the offshore fishery during
1983 '
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Fig ~ 5. Comparison of length frequencies of sablefish tagged in inside
waters and in mainland inlets.
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Table 4. Releases and recaptures of tagged sablefish in inshore waters as of
December 31, 1982.

Release area and daCe No. released No. recaptured  %!

1980 1981 1982 Total

7,019

As stated previously there was a lower recovery rate of fish injected with
oxytetracycline. For example, in the Nay 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 1ittle doubt that a
dosage of 100 mg/kg caused increased mortality. The total percent recovery of
non-injected fish is significantly higher than fish injected with a dosage of
100 mg/kg  t-test P .05!.

The number and percentage of recoveries will be affec.ted by catch and
effort. Since chere ere no area restrictions within the Canadian zone,
we assumed that fishermen will concentrate their effort in areas of fish
concentrations. We are assumiug that effort is proportional co biomass
and catch can be used as an index of relative abundance among areas,
Using this assumption and assuming that Cage were distributed
proportionally by area, we feel that tags are recovered in proportion to
abundance and movemenc of tagged fish is indicative of movement within
the population when the recoveries from different areas are weighted
according to catchy

In the Canadian zone, the Incernati,onal North Pacific Fisheries
Commission  INPFC! area, Charlotte, is approximately equivalent to the
area off the west coast of the Queen Charlotte Islands, and the area of f
the west coast of Vancouver Island is approximately equivalent to Che
Vancouver area. Using catch data compiled by INPFC area for all nations
fishing sablefish off North America  Table 5! > it is appac'ent that,
except, in 1981, there have not been major changes in the proportion of
catch taken in the Charlotte and Vancouver areas- In 1981 there was a
ma jor increase in the catch in the Charlotte area and s corresponding
decrease in the Vancouver area.

The catches in United States waters to the north and south of the
Canadian zone have fluctuated substantially  Table 5!. In addition,
non-reporting of recoveries off Alaska is considered to be a serious
prob1.em where it is estimated that 70% of the recoveries of tagged fish
are not reported  Bracken> 1982! ~ Thus, recaptures in the United States
zone should be compared co recapcures in the Canadian zone by
standardizing for catch and population size as well as correcting for
non-reporting. These adjustments can best be made by comparing
exploitation rates. Unpublished estimates of exploitation rates in
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Queen  harlotte Sound
Hecate Scrait
Queen Narlotte Sound
Hecate Strait
Queen  Iaarlotte Sound
Hecate Strait
Queen Charlotte Sound
Hecate Strait
Inlets

Oct 79

Nov 79

act 80

Aug 81

Nay 80

12 >983

12,528

11.,148

12,306

84 49 40 185   1.4!

56 20 29 109   0 9!

8 71 50 129   1.2!

42 160 202   1.6!

480 274 229 983 �4.0!



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

1981aINPFC Area 1977 1978 1979 1980

1241
�240!

1360
�360!

3002
�000!

5149
�002!

4400
�724!

2155
�818!

1.371
�371!

Shumag in 809
 809! �84! �69!

Chirikof 968
 968!

990
 990! �204! �91!

Xodiak 1925
�925!

2138
�084! �45!

�605!
Yakutat 2710

�623!
2455

�938! �18!

2346
�2.9!

1710
�.4!

2115
�9!

Sourheas tern 1180
�2!

1814
�339!

1640
�64!

1895 2790Char lot t e

2463
�143!

2066
�64!

1898 10972027
�25!

Vancouver

Columbia 893 1953 3693 36458357

1140 1334 1418
�305!b

2488Eureka 2088

3390 3556 1569 3770Monterey 3089

aJan-July only.
California, Exact IMPFC area unknown.
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Canada and off Alaska indicate that rates may both be approximately 0.1
 McFarlane, C. A ~, unpublished; Balsiger, J., unpublished! ~ If this is
correct then adjustments need to be made only for non-reporting when
comparing recoveries in the United States and Canadian zones since most
foreign recoveries are made of f Alaska. The total percent recovery of
adults in United States waters as of December 31, 1981 was 5.5X.
Adjusted for a 702 non � reporting rate the percentage recovery becomes
9.0X. Because the 7OX non-reporting rate is only an estimate and appears
high, and we are assuming no spatial dif ferences, and a IOOX reporting
rate in Canada, it is probable that the percentage recovery rate of 9.02 is
closer to a maximum value ~ This rate is relatively small compared to
recoveries in Canadian waters and indicates that relatively few recoveries
have been made in the United States zone from 1977 to 1981.



Movement of juveniles

Juveniles were tagged in 1979, 1980 and 1981 . Inlet-tagged fish have
been treated separately from those tagged in Queen Charlotte Sound and
Hecate Strait because of the highly localized fishery on the specific
inlet stock that vas used in the tagging study  Table 6, 7!.

In 1980, most recoveries  91.3X! were made in Queen Charlotte Sound and
Hecate Strait  Fig . 2!. During 1981 and 1982 there was an increasing
percentage of recoveries offshore. In 1982 ' there were 179 recoveries
made in offshore waters  Table 6! and 61% of these were in the United
States zone. Almost all of the recoveries in the United SLates zone
 91 .7X! were from waters off Alaska. In the Canadian zone recoveries
vere made in all offshore areas with a higher percentage off the west
coast of the Queen Charlotte Islands  Table 6!.

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 2 year-classes offshore
probably does not occur simultaneously, movements of juveniles were
examined using only the 1979 and 1980 releases. Most recoveries J,n 1980
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 catches from these waters and a corresponding increase in
outside warers  Pig. 6! ~ In 1982, 73.1% of all recoveries were made
offshore and 76% of chess vere in the United States zone. Host of these
fish  93.8X! were recovered off Alaskan

F00

uJ

O O LLJ
IZ

~ 50
IJJ

CL Fig. 6. percent recovery of fish from the 1977 year class released in
1979 and 1980  inlet tagged fish not included and not corrected for
non � reporting of recaptures!. Offshore recoveries include all fish from
Canadian and United States wal
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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
America. Off Washington, Oregon and California, sablefish in the
50-60 cm range are retained. Thus, most juveniles of the 1977 year-clas
captured in this area probably will be retained, however, we have no
estimate of the non-reporting percentage from this area. In Canada in
1981 the mean size of the 1977 year-class in the offshore area was 56 .7
cm and samples from commercial catches indicated that this year-class
accounted for approximately 19 .3% of the catch by numbers . In 1982, the
1977 year-class averaged 62.3 cm and while its contribution to the
commercial catch remains to be estimated, preliminary indications are
that it will be higher than in 1981. These sizes are above the minimum
legal size limit of 55 cm and many would be retained by fishermen. Also,
it is believed that any Canadian fishermen finding a tagged fish would
retain and report that fish even though it may not be a desired size .
Thus, it is probable that in Canada most tagged juveniles would be
returned' Off Alaska the Japanese fishery retains fish in the 50-60 cm
range and hence would retain tagged fish of the 1977 year-classy The
United States fishery off Alaska does not retain fish smaller than 1.4 kg
or approximately 57 cm. Thus, it is probable that the number of
recoveries of tagged 1977 year-class fish has been under � reported by
United States commercial fisheries off Alaska.

Despite this probability of significant under-reporting, the very high
percentage of recoveries in waters off Alaska clearly indicates that most
of the fish that ~oved offshore were recruited into the United States
waters. If Bracken's figure of 70% non-reporting is used to correct the
recoveries in the United States zone, then in 1982 approximately 63% of
all of the members of the 1977 year-class tagged in Canadian waters were
recaptured in the United States zone, Estimates of the biomass 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
 Ncparlane 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 inro the fishery off
Alaska.

If the pattern of recovery continues as in 1982, there vill be little
doubt thee sab1efish reared in Hecate Strait and Queen Charlotte Sound
are ao important source of recruitment to the sablefish fishery in waters
off Alaska and a major loss to 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 moved
offshore in 1982  Table 6!. As recruitment of the 1977 year-class is
probably still incomplete, the ultimate amount of recruitment into waters
off Alaska will be greater than the estimated 20,000 t.

Pish tagged in mainland inlets were recaptured at a higher rate than
juveniles tagged in other areas  Tables 6 and 7!. The pattern of
migration 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 that 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 it was not possib1e to separate adults from juveniles using only
lengths.
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Movement of sableffsh tagged as adults

Distance travelled by tagged fish was summarized as those fish that moved
less than 50 km, 50-200 km, and greaCer Chan 200 km. The selectfon of
these groups had no particular significance other than that 50 km would
obviously indicate very limited movements Since commerciaL vessels often
work an area approximately 100 to 200 km long during one trip, we have
used the category 
00 km to indicaCe major movements out of a fishing
area.

As of December 31, 1981, 6,337  88.7X! recaptures had been made within
200 km of the t'elease area  Table 8!, The average net movement for all
of these recaptures was 141.7 km. Thus, most sab1efish have been
recaptured close Co the release area. There were some movements of 2000
to 3000 km  Table 8! but they remain in the minority.

Movement as indicated by the percent of fish recaptured among major areas
must be carefully assessed. If exploi tation rates are similar among
areas and reporting rates are similar, then movement has a direct
relationship to recovery percentages, However, ft is difficult Co
determine exploitation rates, and local and annual variation of these
rates vill occur. Wfthin the Canadian zone we do not believe
non-reporting of tags to be a serious problem but it appears that it is
fn the United States zone. This inability to determfne exact recovery
percentages restricts the amount of analysis, however, it fs possible to
draw some reasonably relfable general conclusions about sablefish
movement.

Tagged fish released off Vancouver Island were recovered from California
to the Aleutians  Fig. I!. Of all recaptures from the releases off
Vancouvet' Island from 1977-1981, 81 .3X were made off Vancouver Island,
2.1X fn the United States zone south of Vancouver Island, 1,7X in the
United States zone north of Dixon Entrance, and the remaining 14 .9X in
other areas within the Canadian zone  Queen Charlotte Sound and off the
Queen Charlotte Islands! . More fish � .7X! have been recovered in Queen
Charlotte Sound than off the west coast of the Queen Charlotte Islands
�.3X! even though catches have been larger off of the Queen Charlotte
Islands.

Most fish  81.7X! tagged and released off the west coast of the Queen
Charlotte Islands were recovered there. Recoveries can be quite close to
the exact slee of release. The net movement from exact release site has
been examined for one cruise  Fig ~ 7, Table 10!. Over a period of 5
yeat's, 5OX were recovered wi Chin 20 km of the release site. Migrants did
not move as far south but did move further westward  as far as the
Aleutian Islands! than dfd fish released off Vancouver Island. The
percentages recovered in the United States zone north of Dixon Entrance
were higher �.6X! than recoveries from Vancouver Island releases but
lower �.3X! in the United States zone south of Vancouver Island . In
contrast to recoveries of Vancouver island releases, fish tagged off the
Queen Charlotte IsIands were recovered fn Dixon Entrance and northern
Hecate Strait.

Recaptures off Vancouver Island from releases fn the immediate area were
proportl.onately larger than were recaptures off the Queen Charlotte
Islands from re1eases off those fslands  Table 9a, b!.
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from release areas off the
after release.

Recoveries of sablefiah at various distances
of the Queen Charlotte islands for each year

Table 9a.
west coast

X  no.! recoveries from reIease area

�0 km  no.! 50-200 4n  no.! 
00 ha

Total
numbers

recovered
Tagging
yea t'

Recovery
year  no. !

3.0 �!
4,0 �5!

24.4 �4!
24.1 �2!
24.4 �0!
22.5  9!

87.9 �16!
77.9 �86!
49.8  L10!
48 ' 1 �4!
42.7 �5!
55.0 �2!

1977

0.5 �!
11.4 �0!
23.8 �4!
20.3 �2!
29.4 �!

92.3 �93!
68.2 �20!
54 .4 �5!
47.5 �8!
41.2 �!

1978

5.7 �7!
16.2  83!
16.1 �2!
28.0 �3!

81.1 �83!
64.0 �27!
72.4 �34!
48.8 �0!

1979

28.3
28.4
38.5

�6!
�6!
�5!

16.3 �5!
20.1 �3!
18.4 �2!

55.4
52.5
43.1

�1!
 85!
�8!

92
164
65

1980 1980
1981
1982

1S.L �5!
18.9 �9!

17. 9
20.3

66,4 �52!
60.8 �22!

�1!
�4!

1981
1982

232
365

1981

release areas off theRecoveries of sablefish at various distances from
of Vancouver Island for each year after release.

Table 9h.
west coast

 no.! recoveries fram release area

�0 ha  no.! 50 � 200 km  no.! ?200 km

Total
numbers

recovered
Tagging
year

Recovery
year  no.!

1977

9.1 �!
14.0 �0!
7,7 �3!

17.9 �2!
16,1 �!

1978a
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1977
1978
1979
1980
1981
1982

1978
1979
1980
1.98 1
1982

1979
1980
1981.
1982

1977
1978
1979
1980
1981
1982

1978
1979
1980
1981
1982

132
624
221
133
82
40

209
176
101
59
17

472
512
323
82

6
13
38
62
37
18

22
143
169
67
31

66.7
30.8
57.9
79.0
67.6
94.4

81. 8
70.6
82.8
71.6
80.7

�!
�!

�2!
�9!
�5!
�7!

�8!
�01!
�40!
�8!
�5!

9.1
18.1
25.8
27. 8
30.9
22. 5

7.2
20.4
21. 8
32. 2
29.4

13.1
19. 9
Ll. 5
23.5

33.3
61,5
18.4
12,9
21.2

5.6

�2!
�13!
�7!
�7!
�4!
 9!

�5!
�6!
�2!
�9!
�!

�2!
�02!
�7!
�9!

�!
 8!
�!
 8!
�!
�!

7.8
23.7
8,1

15. 2

9,1
15.4
9.5

10.4
3.2

�!
�!
 9>
�!
�!
�!

�!
�2!
�6!
�!
�!



lable 9b  cont'd!

Total X  no.! recoveries from release area
numbers

recovered <50 km  no.! 50-200 km  no.! >200 km  no.!
Tagging Recovery
year year

1979

8,2 �5!
10.3 �2!

305
214

81.6 �49! 10.2 �1!
68.5 �46! 21.5 �6!

1980 1980
1981

1981b

al978 release cruisesmst coast of Vancouver Island and southern part of
Queen  charlotte Sound.

bNo release in 1981 off the vest coast of Vancouver Island.

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

Total X  no.! recoveries from release area
numbers

recovered �0 km  no.! 50-200 km  no.! >200 km  no ~ !
Tagging Recovery
year year

1980 1980 122 87.7 �07! 7.4  9! 4.9 �!
1981. 233 84.1 �96! 10.7 �5! 5.2 � 2!
1982 111 82.9  92! 12.6 �4! 4.5 �!

Table 9d. Recoveries ot sablefish at various distances from release areas
in the inshore eaters � inlets for each year after release.

Total X  no.! recoveries from release area
Tagging Recovery numbers
year year recovered �0 km  no.! 50-200 km  no.! >200 km  no.!

1980 1980 472 98.5 �65! 1.1 �! 0.4 �!
1981 272 68.0 �85! 8.1 �2! 23.9 �5!
1982 227 68.3 �55! 8.8 �0! 22 ' 9 �2!
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1979
1980
1981
1982

333
634
173
220

82.0 �73! 10.2 �4!
88.6 �62! 7,3 �6!
55.9  95! 23.7 �1!
87.3 �92! 4.5 �0!

7.8 �6!
4.1 �6!

21.8 �7!
8,2 �8!



Recovery percentages within 50 km of the release area off Vancouver
Island, did not shaw the continuous decline found off the Queen Charlotte
Islands. Off Vancouver Island, movement beyond 200 km appeared anomalous
in 2 years. In 1981 the catches off Vancouver Island were approximately
50K lower than in the previous year  Table 5! and increased recoveries
beyond 200 km are related to the change in the fishery, not to a change
in the pattern af movement. In 19/9 there also was an apparent rapid
increase in movement out af the x'elease area but there was a four-fold
increase in catch to the south of the Canadian zone and a doubling ta the
north  Table S!. Of the 57 fish recovered in 1979 beyond 200 km of their
release area off Vancouver Island  Table 9b!, approximately one-hal.f
 data nat included in tables! were from waters off the United States.
There was definitely a relationship between the increased catch in the
United States zones and apparent movement aut of the release area but
there also was an increased movement beyond 200 km within the Canadian
zone.

Off the Queen Charlotte Islands there was a very definite ~ove~ent out of
the release area. In all releases  Table 9a! there wss a cantinuous
annual decline in recovery percentages close to the rel.ease area
indicating continued emigration. Movement beyond 200 km increased
sharply in 1979 and has rersained more or less constant since that time.
The increased recoveries in 1979 were predominantly in waters off Alaska
aad between 1978 and 1979 there was a doubling of the cate'h in the waters
immediately north of Canada. However, ther'e were ten recoveries rsade in
this area in 1978 and again in 1979  data not included in tabl.es!, thus
the increased catch does not explain the increased movement in 1979 to
waters north of the Canadian zone. The increased movement out of
Canadian ~stere in 1979 and the apparent. reduction of subsequent movement
may be real or it may relate in part to changes in repartirlg of
recaptures' It is apparent that releases aff Vancouver Island and off
the Queen C'harlotce Islands behaved differently and it is possible that
the movements in 1979 were more than artifacts of changing fishing
patterns. Ir is known that the strong 1977 year class started ~oving
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 recoveries were reported and behaved like Vancouver
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 being almosr entirely offshore.

Because the number of recoveries may be highest in the period immediately
after release, a comparison using all recoveries will bias the
significance of longer term recoveries. If the number af fish recovered
at distances greater than 200 km are compared with total recoveries in
the third, fourth, and fifth year of liberty, for releases in 1977 and
1978 off the west coast of the Queen Charlotte Islands  Table 11! there
is an almost constant percentage �0-272! of fish x'ecovered at distances
rester than 200 km each year, possib1y indicating that rsovement beyond

200 km occurred soon afrer release. The percentage of these fish found
in the United States zone is lower and more variable and does decrease.
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For releases fn 1977 and 1978 off the west coast of Vancouver Island
 Table 11! the percent recoveries of fish that moved more than 200 km
varies from 6 to 24% with approximately one third of the recoveries made
fn the U.S. zone. If onLy recoveries in the third, fourth, and fifth
years are considered, the percentage of fish recovered annually off the
United States  Table 11! fs hf,gher than the 5.5% when all recoveries are
considered.

Directional movement was studied by comparing the number of fish Chat
moved north and south across boundaries of Canadian statistical areas.
In Canada, a major statiscical area ranges from approximately 100 to 200
km in latitude. Since longer term movements were being examined, onl.y
the movements of adult fish that were tagged in 1977 and 1978 were
examined, Juveniles tagged in 1979 were examined since 1arge numbers of
juvenile sablefish were nat tagged until 1979 . The number of recoveries
with exaCC recovery locations wss small.

In the Charlotte area, 6% of recovered fish moved north and 3% south
 Table 12, 13!. In the Vancouver area also, fish moved more co the north
than to the south  Table 14, 15!. As mentioned ear1fer, juveniles also
tended to move north rather than south  Table 16! . It appears thee the
tendency for more fish to move north rather than south is reef, however,
only a smalI number of fish migrate further than 200 km and about
two-thf,rds of these move north while one-third move south, The tota1
number of adults that moved more than 200 km north represents only 6.7%
of a11 recoveries,

In contrast ta the direction of movements of fish that migraced more than
200 km, fish chat moved less than 200 lan and crossed a minor area
boundary, exhibited a strong tendency ta move southward in one case and
northward in t' he ocher. Of the ffsh tagged fn 1977 and 1978 off the west
coast of che Queen Char1octe Islands, 232 fish moved south and 10 north.
Of fish tagged in 1977 and 1978 aff Vancouver Island, 105 moved north and
58 moved south. The apparent migration south from the Queen Charlotte
Islands and north from Vancouver Island may result fn part from
increasing catches fn Queen Char1otte Sound. In 1977 only 17 t were
landed from Queen Charlotte Sound compared ta 1,360 t in 1981.

Recoveries of sableffah by month  Table 17; geamish et al., 1983! show no
ttends that can't be explained by changes in fishing effort and
commercial regulatfons. We have been unable to detect trends in movement
of ff ah specfffca11y re1ated co sex or size  Table 12, 13, 14, 15, 16!.

Fishermen report that there are migratory and non-migratory sablefish.
They identify sablefish wfch a "silver" belly as a migratory fish because
they na te that wh 1 le bat tom trawl f ng these f o rms wi11 appear on the
ffshing grounds only at certain times of the year. We attempted to
confirm this claim but were unable to make a clear distinction between a
so-called silver belly and a nan-silver bel'fy. Neverthefess ft is
pOSSib1e Chat the migratOry habit ia restricted to s psrtfcular compo~ant
of the population.

Vumbers of ffsh moving between waters off Alaska and British Columbia

The number of tagged adult sablefish moving inta waters north of the
Canadian zone is 4.7% of the number recaptured fn the Canadian
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Table 17. Emnples of nnnthly recoveries of sablefish at mtrl<us distances frcm
~ amma for each taggiog cruise, 1977-1981.

177

eo
50-200 km
>200 km
Total

C50 lan
50-200 km
>200 km
Total

C50 km
50-200 km
>200 km
Total

<50 km
50-200 km
>200 km

<50 hn
50-200 km
>200 km
Ibtal

Jsn Feb lhr Apr kkny Jun Jul Aug Sept Cct Nov Dec

1977
Queen  harlotte Islarxls � July 1977 release

65 35 16 0
2 3 7 0
0 2 1 1

67 40 24 1

1978
Queen  charlotte Island - July 1977 ~

0 5 83 105 0 97 60 66 66 4
1 0 47 14 2 14 7 6 22 0
0 7 6 4 0 3 2 2 0 1
1 12 136 123 2 114 69 74 88 5

1979
Queen  harlotte ~ � July 1977 release

ZZ 8 15 17 7 25 9 0 1 5 1 0
1 2 2 4 3 7 7 7 8 4 10 2
2 0 2 3 5 14 8 6 7 6 1 0

25 10 19 24 15 46 24 13 16 15 12 2

1980
Queen  harlotte Islands - July 1977 release

0 5 I 10 3 12 8 11 8 6 0
1 4 0 4 3 3 3 15 3 1 0
1 0 0 4 11 6 0 5 4 3 1
2 9 1 18 17 21 11 31 15 10 1

1981
Queen  harlot te Islands � July 1977 release

0 1 5 5 5 7 3 3 2 3
4 11 4 0 1 2 2 1 0 0
0 4 5 4 3 0 2 5 0 0
4 16 14 9 9 9 7 9 2 3
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Table 19. Percent of tagged adult sablefish recaptured in waters off
Canada and off A1aska  in parenthesis!.

Year oi release
1979 1980

Year of
recovery 1978 19811977

1977
1978
1979
1980
1981
1982

97.1  2.9!
97.2  2.2!
78.0�7.0!
87.1  9.0!
84.5  5.4!
80,9  4,4!

100,0�!
90.1�.8!
88,2�.9!
90.6�.8!
92,3�.7!

94.2�.8!
87.8�,5! 86.4�.9!
82.3�.6! 92.8�.3!
93.6�.4! 90.9�.8!

90.0�0.0!
90.5  8.0!

By December 31, 1982 there were 359 fish recaptured off Alaska. If 70X of the
recaptures mre not reported  Bracken, 1982! then 610 fish or 7.8X of all
recaptures were made off Alaska.

The exploitatio~ rate for sablefish has been estimated as 0.1 for the Canadian
zone ptcFarlane, unpublished! and about 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, it does indicate that the
ratio of removals to total biomass from the two areas is similar and that once
non-reporting is considered, the recovery percentages in the two zones are
directly comparable.

Using the results of the tagging study, it wms estimated that the adult
biomass in the Canadian zone was approximately 38,000 t  iikFarlane and
Beamish, b! . Assuming this estimate was constant from 1977 to 1982 and
assuming an emigration percentage of 7,8X for this same period, then
approximately 2,855 t of sablefish moved into the waters off Alaska over this
period  and a such mnaller amount into 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 smved
there shortly after release or subsequently moved back into the Canadian
zone, As zmntioned there msy also be unknown problems with the reporting of
the recaptures. Since this study showed that most sablefish do not undergo
extensive monthly or annual movements, it is probab1e that there is not an
annual movement of 7.8X of the biomass between the Canadian and United States
zones. Fortunately, to compare the amount of movement between the United
States zone to the north, and Canada, it is not neressary to resolve how
movement occurred if the pattern was similar,

Over the period 1978 to 1982, 19,304 sablefish were tagged in waters north of
the Canadian zone  Bracken, & Shaw, personal coamunlcation!. A total of 301
were recovered in the Canadian zone and 745 Ln the United States zone. After
correcting the recoveries in the United States zone for a 70X non � reporting
rate and assuming fu11 reporting in the Canadian zone, the
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zone  Tab1e 18! . Kecaptures up to December 31, 1982 have been
considered, however, the annual percentages have fluctuated little since
1979. If recapture percentages are considered by release year  Table 19!,
there has been a rather constant percentage of recoveries in each area from
each of the re1eases.



proportion taken in the Canadian zone was 19.2X of all recoveries. No
biOmaSS eSCirxate ia aVaiIable fOr Sablefiah in the United Statea zone,
but it has been estimated chat the equilibrium yield in the Gulf of
Alaska for 1981 was between 11, 000 and 12, 000 t  Balsiger, 1982! .
Assurzing the Canadfan quota of 3,500 t fs an equilibrium yield for the
Canadian zone and that these estimates are proporti.onal to biomass then
it can be assumed that there is approximately three times the biomass of
sablefish in the Gulf of Alaska as off Canada. If the 19.22 recovery
rate fn the Canadian zone of tagged sablefish from the Uniced States zone
is representative of moverzent into the Canadian zone and bi.omass in the
Gulf of Alaska is three tines the biomass of Canada then approximately
21,080 t of adults have moved, during 1978-82 into the Canadian zone or
about 7.4 tfmes the number that have moved into the Vufted States zone ~

The 21,080 t estirzate probably is high because the taggfug studfes
indicate that there has not been an extensive amount of long range
rzoverzent, f.e. fewer fish released aff Vancouver Island were found in the
waters off Alaska than fish released off Queen Charlotte Islands  Fig,
I! . Most exchange has been between boundary areas  Fig . 3! . Because the
Vnited States tagging program released fish just north of the Canadian
zone, it would be expected that a relatively large number of recoveries
would be made fn the Canadfan zone without migrating more than 200 km.
Thus, it is probably more accurate to compare movement between the
Canadian zone and the Southeastern-Yakutat INPFC areas. The equilibrium
yield in the combi.ned INPFC areas of Southeastern and Yakutat,
immedi.ately north of the Canadian zone was about. the sarze as that
estimated for the latter zone, suggesti.ng that the bfamass was simflar ta
that found aff Canada. Assurzing equal biomass, then 7,027 t or
approximately 2 ' 5 tirzes as rrmny adults moved into the Canadian zone as
inta the United States zone.

At thfs time it has not been possible to obtain detailed release and
recavery fnformstion on the Vnfted States tagging program off Alaska.
Ideally only recoveries at a dfstance of mare than 200 km that also
traverse the boundary between each country should be compared' When this
is done it is possible that there may be more equal exchange of fish. It
is clear, however, that there fs an exchange and that it fs probable more
adults move into Canadian waters than move into waters off Alaska.

The very defirrite migration of juveniles into the waters off Alaska and
the apparent disproportionate number of adults that move fnto the
Canadfan zone from the Gulf of Alaska suggest a migratory pattern in
which juveniles leaving the Canadian zone eventually return ta "home
ground". An alternative possibility is that juveniles undergo extensive
dispersion northward and adults undergo shorter movements southward. In
the boundary area between che Gulf of Alaska and the Canadian zone these
relatively short movements result fn a net movement inta the Canadian
zone. Since the majority of recaptures have been fn the release area, a
rzovement of more than 200 km appears confined ta a relatively small
segment of the population. Also if the rather constant percentage of
fish recovered beyond 200 km is real, then fish may have moved out of the
release area over a short period with very little subsequent movement or
with a relatively sma11 number of fish constantiy moving fn and out of
the release arear'
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Prom the observed movement into the United States zone including the
extensive movements of a few eablefish, we infer that there is
interbreeding throughout the range and that sablefish off the west coast
of North America belong to one population. However, the difference in
migratory behaviour between releases off the Queen Charlotte Islands and
Vancouver Island and the relatively large number of fish that remafned in
the immediate release area aftet' 5 years indicate the population is
composed of sub-populations or stocks.

Irnpli.cations for management

The caggfng study has shown that separate management problems occur for
juveniles and adults. The estimate of 20,000 t of juveniles from the
Canadian zone that would be recrufted from the 1977 year-class to the
fishery off Alaska is approximately 60 to 75X of the l977 year-class that
was reared in Queen Charlotte Sound and Hecate Strait. The 1979
year-class appears to be behaving simflarly. If this pattern applfes to
all fncomfng year � classes then Queen Charlotte Sound and Hecate Straft
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 is important and a fishery for juveniles in the Candles
zone would appear to affect subsequent recruitment to the fishery off
Alaska.

The study has also shown that a small but rather constant percentage of
adults moves into the waters off the United States ~ Most of this
movement is into the waters fn the Gulf of Alaska. Movement into the
Canadian zona of possibiy 2 to 3 times the amount that moved out, occurs
from the Gulf of Alaska. Whether or not this movement is sufficient to
require joint rnanagernent involving larger regulatory areas then now
exist, involves a consideration of the economic condftions in the
Canadian sablefish fishery. If one area was overexploited  e kg ~� , the
Queen Charlotte Islands area!, would natural recruitment, immigration and
emigration be sufficient to maintain the stability of the fishery in that
particular area? In other words, would sabiefish behave fn such a way
that the area would be restocked sufficiently qufckly to maintain the
industry? At present there are a number of vessels that are entitled to
participate in the fishery but do not, indicating that at current prices
it is not economical for many of these boats to fish. Thus, the
reduction of fishing privileges, even for a few years, probably will
result fn severe economic hardships for those currently fishing. The
amount of rnovsrnsnt observed from thfs tagging study and the irregularity
of recruitment  McFarlane and Beamish, b! indicate that depleted Iocal
stocks would not be rebuilt quickly. Vessels that depended on fishing
these stocks probably could not survive financially during the time
required to rebuild stocks. These consideratiorrs, the observations that
most recoverfes over the past 5 years have been close to the release
ares, and the differences in movement patterns within the Canadian zone,
indicate that adult sableffsh fn 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 Aiaska
based on tag recoveries

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

Introduction

In 1978 the Department of Fish and Game received numerous reports of
juvenile sabl cfish in the Ketchikan area 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
logical explanation for the unusual abundance of juveniles.

Special funding was requested from the Governor's Boitomfisn Office
and a limited grant was received to conduct studies during 1979.

Ta in Studies

The juvenile sablefish were schooled in shallow water and tagging
studies off e red an excellent opportunity to 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 line gear were used to capture
the fish.

Fish were held in a live tank prior to tagging. A Dennison Hark II SS
tag gun and either FD-67 or FD-68 BC tags were used. Derring this first
cruise we tagged 1,859 fish; 713 from pots and l,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 pot gear. Catches
were good and an additional 3,76'l 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 'l9B1 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 30K ethenol for future reading.

Results

AS Of March 1983 553 reCOveries have been 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 fisheries 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 indi cates 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 over 100 NM from the release site with
over 50$ of the 65 to 74 cm size groups showing extensive movement.
Over 244 of the fish were recovered at least one INPFC area away from
the release site with the large fish recovered in the Canadian fisheries
again showing the most movement.

ADFSG tagging results were compared to results from National Marine
Fisheries Service  NMFSi 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
ADFKG prior 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 .DD5 for all three experiments. l,Figure 1!
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Both otner tagging experiment results showed higher percentages of
recaptures over l00 mm than our experiments, with the smallest length
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 determine 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 ADFSG
tag returns showed no real pattern with tne majority of tags recovered
within 100 km of the release site, Nearly 77K of the small fish and
61'K of the large fish were recovered within 100 km.

This trend was noi true for the Japanese experiments. The Japanese
tags were released throughout the Gulf 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 Gulf  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 explain why a bimodal distribution of distance
traveled evident in the Japanese oata does not appear in the ADFBG
experiments that were conducted in one location.

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

Distance traveled over time was examined for the ADFBG returns. Again,
these were divided into two size groups. There appears to be no corre-
lation between time at large and distance trave'led for recoveries over
100 km from the release site which suggests random travel even though
di rection of movement by size i ndicated directed migration. We are
doing further analysis by dividing returns by cruise to hopefully
better understand tnis 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 witnin 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 the 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,S. fishery by determining the percent of total
landings made by U.S. vessels who returned tags. In the U.S. fishery,
rates ranged from 16% in the Yakutat area to over BDX in the Southeastern
inside fishery. The est~mated return rate for the U,S. fiShery may be
too high, 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 deCiSian.
Sasaki's calculation  Saskai, lgBOI were used to estimate the return
rate in the Japanese fishery.

Returns were then adjusted by distribution of harvest which indicated
that only approximately 25",' of the tagged fish had moved out of inside
waters.
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llowever, when the returns are adjusted for harvest and estimates of fish
distribution by area, only slightly over 404 of the tagged population
were expected to have remained in the area of tagging by the end of
1982 and the remainder were distributed according to Table l.

r,r!!,e . 0»tribuiiurr af reroveries from RBF&G sablefisn tagging experiments in tne
katcirikan area of gnutneastern Alaska, 1978-1982.

Adjusted for return
harvest, and estima!gd
relative population 7

A<i j us ted For
Return and iarvestty

Adjusted for
Return Rate 7
II ~ . X

Raw
Fecavery

Ilo.

IsPFC grec
aacavered

E I 1rriated per Can; Of reraptur ed tag s returned ta the tagging agenCy .
! Avercge of tne 19!'1 cnd !982 narvest by 114PFC area.

or ',ct ive populat. un was based on relative population numbers  RP!I! cairo'lated by
'!vscki l 1981,r fai me Gulf of Alaska and Aleutian Reg1on and by using fisneries
ueriormanc as aa indicator of relative abundance in the Canadi~n and Bering Sea
r.ress.

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 out 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 tish 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 1980. By June 1981 the average was 33 fish
per pot and 16 tags were recovered out of 3,072 fish caught  ,65!,
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
estirpated 20,000 fish from Behm Canal in the commercial fishery and
returned 291 tags. That is a return rate of only 1.45. 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. ifiovement of fish between
management areas appears to be significant and should be considered
when management decisions 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 wi th taggi ng 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,

INTROOUCTION

The status of sablefish  Ano lo orna fimbria! stocks in the Gulf of Alaska
was determined largely on the asis of fishery data obtained from foreign
fleets which fished intensively throughout the Gulf for a number of years
 I ow 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 acti on
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 routinely, 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 pa rt of a continuing program to determine
migrational behavior and to identify stacks which cauld be managed as
units. The purpose of this repo rt is to present preliminary results of
the NMFS tagging program as an addition to a growing body of information
on sablefish migration which will enhance the development of future
management strategies. Specific objectives of this report are to
analyze the direction and extent of sablefish miqration and to examine
the variables: fi sh 1 ength, area of release, and days at liberty.
A more detailed analysis will be i ni ti ated in the near future.
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Methods

Sampling sites were established off Alaska at Capes Cross, Addington,
and Dmmaney in 197B, Cape Muzon in 1919, and in Chatham Straits in
1981. In 1979, sampling was begun off Washington near Cape Johnson and
Grays Harbor and off Oregon near Capes Lookout and Arago. Sites off
California ove r Bodega Canyon near San Francisco and Patton Escarpment
off San Diego were added in 1980. Figure I presents the locations of
aL I abundance i ndexi ng and tag release si tes. Traps we re fi shed 10 to
a string at 150, 225, 300, 375, and 450 fathoms at all locations except
those off California where sampling occur red at 225, 300, 375, 450, and
55D and 700 fathoms   I yr only!. The gear was set fi ve t imes at each
depth each year, resulting in 250 t rap 1 1fts per site. Traps were
fished for standard 24 hr periods through the use of corrodible
timed-release devices wh1ch triggered a noose arrangement ard closed
trap tunnels at the end of the periad. As catches were brought aboard,
f1 rst priority was given ta the collection of catch and biol og1 caL
data, so tagging was conducted onLy as excess specimens became available.
Sablefish to be tagged were quickly removed from traps and placed in
holding tanks with fresh circulating seawater.

Taggi ng OCCurred aS SOon aS time permitted but rarely 1 anger than I/2
to I hour after placement in the holding ta nk s. Fish judged to be i n
fair ta good condi tion were measured, tagged, and released. Anchor
tags were appl 1ed 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 1nitiated with prograrr publicity through inter-
nat1onal scientific bodies, fishery cornm1ssions, domest1c fishery
agencies, fishermen� 's associ at i ons, fish processors, and trade med1 a.
A reward of $2 was offered for each tag returned, and all who returned
tags were sent a letter of appreciati on conta1ning generaL program infor-
mation and specific release data.

Results

Although tagged sabl cfish were released at I I discrete si tes, the data
have been summarized by state regions. Th1s was done because regional
differenceS were Of prima ry intereSt and Summarization inCreaSed the
size of basic data sets while simplifying presentation of results.
LOSS af reSOlutiOn through SummariZatiOn is not COnSidered impartant in
the depiction of general mi grato ry behavior, but site by site details
wi 1 1 be included in future studies aimed at defining mi cromovements
 i.e,, transboundary exchanges!, relationships of offshore and inshore
populat1ons, migrat1onal responses ta envi ronmental factors, etc.

The total number of tagged sablefish released in all areas and years
was 20,8B3 with the majority rel eased in wa ters off Alaska and
California, Those regions were of particular interest because there
was a need ta obtai n i nformati on rega rdi ng the discreteness of stacks
in the Gulf of Alaska, the relation of offshore sablefish to those
i nhabi ti ng the inshore waters of southeastern Alaska, and the relation
of sablefish of southern California ta those off Mexico and northern
California. Table I presents the nurrbers of tagged sablefish released
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Figure 1.--Locations where tagged sabl cfish were released during 1978-81.
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Table I.--Numbers of tagged sabl cfish released during 1978-81 and
mean lengths by depth of capture and state area.

Oe th r*n e 'fe home!

AIA!NA
U 67423025241 2  I I

!9,5 66,5
Nerm ert
Neee length  cm!

HAOII N�I09

'I 36! ZIOI! U10'I 34.b 690
5b.4 54.9

Numbe rc
Neerr length   r. !

3HIGOII
3 2905203 I'

5!.2 60.9
9t� 735
!!.0 56.4

Hembert
tleen length  cm! 59. 0

OA, IF rkNIA
752 90 76690 524 'IO IbNembe-e

been Iength  cm! 67.7n2 2 59.95 .4

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

194

Through 1981, 552 �.6$! tags were returned but only 350 were returned
with recapture location. Three of those returned were released without
length measurements so the analysis is based on a total of 347 tagged
fish. Recovery numbers  those with complete data! by release area and
year are presented in Table 2. The overall recove ry rate of 2.6$
compares favorably with the 2.9$ rate reported by Wespestad et al.
�978!, but is considerably lower than the 8. 2% returned by Canadian
fishermen 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 unusually supportive of the
study. Canadian scientists may also have achieved a lower rate of
taggi ng mortality. Recovery rate v iri es among release areas wi th the
Alaska releases yielding the highest rate of return  Table 2!. Retur~
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 off 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, especially
off California. The effects of variable recovery effort are discussed
briefly in the Summary.



Table 2.--The number of tagged sabl cfish released by year and area
and the number of returns with complete data, by year
 recovery rates in parentheses!,

19 8
Year Releases

A14 ska

1918 707 10 22 41
1979 1829

1980 139 7

1981 2316

40 19 46 105

21 32

6249 189 �.0S!

vashfngten

L979 1279

!980 1458

L981 1116

20

24

56 �.5$!3853

Oregon

1979 433

1980 164Z

L981 831

10

3510

55 �.9S!2906

Calafnrnaa

1980 7075

19SL 800

36 47

0

47 �,64!71375

TOTALS 20,883
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DiStanceS traVeled ranged from 0 tO 1725 nautiCa! mi leS  nmi! meaSured
as straight line distances between release and recovery locations and
are, therefor e, considered mi nima 1 estimates of migration. The question
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
far areaS COmbined. ReSulting COrrelatian COefflcientS are 0.10 for
fish released off Alaska, D.01 for those released off Washington, D.04
for those off Oregon, and 0.44 for those off California. The correla-
tion va!ues were positive in 81'I regions, but only in the California
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Figure 2,--Distances traveled by tagged sabiefish plotted against the
number of day s they were free by state area of release.

region was there even a suggest>on ot a reiat]onsnip, albeit a weav,
one. Figure 2 presents the distribution of migrational distances by
days at liberty and by state region. Obviously, very short intervals
of freedom will prevent long migrations, but relatively long intervals
wil 1 not necessarily result in migration over long distances. This
comparison suggests that there is no persistent movement away from the
release site ty a majority of the tagged fi sh. For the purposes of
this report, the variable, days at liberty, was considered to have
no effect on distances traveled,



The majority, 59% overall, of the sablefish returns were recovered with-
inn 50 nmi of the release site  Table 3 !. Eighty percent were recovered
within 200 nmi of the poi nt of release, but 12% were recovered at
distances greater than 300 nmi from the release area. It appears that
the most active migrants were released off southeast Alaska and off
California where 22K and 35%, r eSpeCti Vely, migrated 250 nmi Or mOre.
Sablefish tagged and released in the Washington and Oregon regions
demonstrated very little movement as BBX and 85%, respectively, were
recovered within 100 nmi of the release site and onlv 6Z, and 2'4 mi-
grated 250 nmi or more. Beami sh et al .  unpublished manuScript! r eported
that releases in British Columbian waters also demonstrated little move-
ment as about 89$ we re recaptured within 200 xm of the release area.

Table 3.--Minimum distances traveled �0 nautical mile increments!
by tagged sablefish by states area.

Naotnca I sn  les
0-50 1-100 101-150 1 1-200 201- 0 1- 300+

Area
No. Znlo.No. Z No,

26 �4!15 �!13 �!7 i,4!99 �3! 21 �1! 11 �!Alaska

0 �! 4 �!42 �5! 7 �3! 2 �! 1 �!0;0!Washington

1 �!0 �!.2!6 �1!46  S3! 1 �!Oregon

10 �0!0  I3! �5!4 9! 9!4  9!Cail fornla 15 �5!

Figures 3 and 4 present the geographical distributions of tag returns
by state and regi on of r el ease.

Trave'l distances and rates by size at tagging have ben examined by
other investigators. Wespestad et al. �978! found, while studying
tagging results from Alaska to Cali f0rni a, that analysis of variance
of distance traveled by three size-at-tagging groups and time free
ShOwed nO SignifiCant di fferenCeS. On the Other hand, BraCken �982!,
examining sabl cfish tagged in waters off Alaska, reported a tendency for
a larger proportion of fish longer than 60 cm in length to travel
d stances in excess of 500 nmi than those of smaller sizes.
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Figure 3.--I3i stribution of tag recoveries �978-81! by state area of
release.
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Table 4.--Mean minimal distances traveled by 10 cm length groups
and area of release.
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For the present study, lengthS-at-tagging were grouped by 10 c� 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 smaltest length group �5-54 cm! on
the average showed the greatest tendercy to migrate long distances.
This tendency weakened wi th i ncreasi ng fish length. Fish tagged off
Washington behaved similarly in that the greatest average miles
traveled waS by the smallest length grou p. 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 inconsistent wi th those in more northern areas in that the
largest group released tended to �igrate the farthest. Data from
the California region also demonstrated no obvious body length-distance
traveled tendency. When all data were combined, there was a slight
tendency on the average for the distance traveled to decreaSe as the
fish length at release increase, but t.here is no strong evidence that
a relationship between migration distance and size exists. It is
obvious from the wide ra nge of r!iigration distances associated with
most size groups in all regions that a great deal of variability
occurs within sizes.
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Direction of movement by size and area has also been a matter of
interest to other investigators. Wespestad et al. �978! found that
sablefish off southeastern Alaska migrated mainly in a southerly
direction, while fish tagged in areas south of Alaska tended to move
northward. Bracken �982! 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! sablefi sh.

Direction of migration was analyzed in this study by combining the
recoveries from all years and plotting di rectional 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 region  International North Pacific Fisheries Commission  INPFC!
Southeastern Area! suggest t hat 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 not migrate increased with size. Although
tagged sablefish released i n 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 south. Again, there was an
increasing tendency for "no movement" as size increased. In the Oregon
region, there was little movement by any size group, and when migration
occurred, there was no clear directional preference. Sablefish released
in the California region demonstrated mor e movement, with a greater
proportion of fish of all size groups migrating northward. This may be
an artifact, however, because most releases were made near the U.S,-
Mexico border and little or no recovery effort occurred south of the
border or, recently, in the southern California region. Combined data
frrxs all sites and years  Figure 5! show that the highest proportion of
mi grati ng sebi cfish less chan 65 cm migrated in a northerly direction,
while those greater than 64 cm in length tended to migrate southward.

Summar 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 al 1 those released were
returned. Minirium distances traveled ranged from 0 to 1,725 nmi. Cor-
rel atien analysis indicated no sign ifi cant relation between the distance
traveled and the length of time tagged fish were free. Therefore,
brittle or no variation i n the distance traveled can be explained by
differences in the time at liberty. These results are consistent with
those of Wespestad et al. �978! who observed, "There was no particular
trend of inCrease in miles with increasing time at liberty ..."

Overall, 5gg of the tagged sablefish returned were recovered wi thin 50
nmi of the release site, but 12K, were recovered over 300 nmi from the
point of release. Sablefish released in waters off Alaska and California
seemed to be the most active migrants and migrated the greatest average
distances, while relatively weak migrations occurred among sabl cfish
released in the Washington-Oregon regi on, This pattern seems to be cor-
roborated 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 none 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 fore1gn fishery in that region during the recovery
period. Bracken �982! and Sasaki �980! found considerabl e movement
of tagged sablefi sh throughout the Bul f of Alaska,

There was a sl ight tendency for the smaLLer sabl cfish released in Alaska
and Washington regions to migrate greater distances than fish in the
larger Length cateqories, but in the other regi ons there was no
suggesti on of such a relationship. Bracken   1982 ! also noted that
large sablefish  >60 cm! released in waters off southeastern Alaska had
a consider ably higher probability of being capt~red wi thi n the area of
release than did sinaller fish released in the same area. On the other
hand, Wespestad et al. �978! reported no stat1stically significant
differences among size-at-tagging groups re'lat1ve to di stances traveled.
Clearly, tagg1ng data have provided varying results and have revealed
only weak trends which 1 eave uncertainty about size-related migrat1on
distances.

There does appear to be a tendency for tagged sablefish in the siiraller
size groups �0-65 cm! released off Alaska and Washington to migrate
northwa rd in greater proport i ons than do fi sh i n larger si ze groups
 >65 cm!, This pattern was weak in tne region off Washington and
nonexi stent off Oregon. The results fr om California releases should be
considered with caution, because the greatest proportion of sablefish
tagged and released was at the southern Californ1a abundance index site
and almost all the recovery effort occurred north of that area.

Another potential source of bias in the above comparison is that many
fish were free for long intervals and their size during the actual
migrat1on period may have been quite different from the size at release.
In order to rni nirni ze the confounding effects of growth on the direction
of mi gr ation by size analysts, a similar comparison was made using only
data from tagged fish which were free 400 days or 1 ess. Very minor
changes i n the proporti ons migrating north, south, or not at all
reSulted in all area/S1Ze grOup CategurieS  See Figure 6! WhiCh wuuld
not affect conclusions drawn using all the data. This might suggest
that mOSt mOvement OCCurred relatiVely SOOn after releaSe befure tagged
fish had sufficient time to grow into size categories larger than that
at release.

The reSultS fOr the SOutheaSt AlaSka reg1un COmpare faVOrably With
those of Bracken   1982 ! who obser ved a larger propor ti on of small tagged
fish migrating westwa rd  northwa rd in this report! than large fish  >60
cm!. Beamish et al.  unpublished manuscript! also reported northward
movement. Wh11 e only about 7$ of the j uveniL e sabl cfish recovered
were recovered in U.S. waters, about 97K of those were recovered in
waters off Alaska.

I would caution, however, that all migration direction and distance by
si ze data should be reevaluated in Light of what is known of the geograph-
ical distribution of capture gear and the effects of associated size
selectivity . It is well known, for i nstance, that trawl s and shallow
water fisheries will usually be selective for the smaller sizes of a
population, while deep water Longline and trap f1sheries will select
for 'la rger population cOmponents. Di rect1onal movements by size data
could have been seri ou slv biased bv such effects of near selection.
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Predominant movements by direction and fish size for rel eases in several
areas are presented herein for comparison with the resul ts of previous
studies but with the ful 'I acknowledgment that these observations may be
confounded by the aforementioned factors.
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Figure 7.--Distribution of al I-nation sabl cfish catches by INPFC areas
during 1978-80.
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A basic underlying di fficul ty in interpreting the results of tagging
studies is determining how well recoveries portray real migrational
behavior and to what extent resul ts are arti facts of di stribution and
intensity of recovery  fishing! effort, variable vulnerability to
recovery effort, size selectivity of di fferent regional fishing gear
types, and differenres in reporting rates among industry components.
TheSe VariableS are very di ffiCul t to adequately evaluate, aS indiCated
by the rare occasions on which investi gators have attempted to quantify
all of them. The present study is no exception, but the relative distri-
bution of recovery effort has been briefly considered. Exploitation
rates by relative'Iy small geographical units would be most usefu'I for
evaluating and quantifying sablefish movement. In the absence of
estimates of expl oitation rates or even adequate ef fort 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. California catrhes are not included because
they wer e incomplete. Catches occurred in al I areas in all years so
there always existed opportunities for recapture of tagged fish. The
magnitude Of theSe OppOrtunitieS prObably va ried amang areaS and yearS.



For instance, the catch in the INPFC Southeastern Area in 1978 was very
small because the foreign fishery had been excluded and the domestir.
fishery in the region was 1n its infancy. This could 1mply that the
recovery rate in the region in 1978 was considerably lower than i n 1979
when there was an 11-fold increase in the catch. It was also probably
lower than recove ry rates in the Kodi ak and Yakutat areas in 1978 wher e
catches were at least 20 times greater than the catch in the INPFC
Southeastern Area. In 1979 the catch off Washington and Oregon in the
INPFC Columbia Area was at least three times greater than it was in any
other region due to a very favorable foreign market supplied by the
O.S. domestic fishery, Similarly in 1980 about 60$ of the total
sablefish catch was taken in three INPFC areas off Canada, Washington,
and Oregon with the remainder of the catch distributed almost uniformly
among five INPFC areas off Alaska. While the effects of such di spro-
portionate distribution of catches on tag recoveries cannot be assessed
wi th any certa1nty, one has to be concerned about the potential for
var1able recovery rates and how that would affect analyses of tag
returns. Tag returns can be weighted by area catches under the
assumption that area population sizes are similar and d1fferences in
catches reflect differences in fishing effort; an assumption which is
usually difficult to validate.

Tagging studi es have prov1ded useful 1 nformation 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 di recti onal mi gration by size, and the relative importance of di f-
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 speculate about the exact nature of
sabl cfish mi grati ons, 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 sabl cfish migrate only over siiiall
distances and that fram within an area some local populations mix but
little interaction occurs between separate populations.

Results of tagging studies made in the 197Os revealed the availability
of long-distant  up to some thousand miles! migrations  Sasaki, Low and
Thomson, 1976!. Spawning of sablefish occurs mairily off the Pacific
coast of North America and in the gulf of Alaska  Kodolov, 1976!.
Seasonal migratiars in the reproductive eastern part of the area have
short range. Over tiie Asian slope of the Bering Sea the seasana1
pattern is more obvious and the range of such migrations increases
sharply.

Thus in the winters of 1962-64, a period of high abundance, sablefish
composed significant masses in the southeastern gering Sea where fish
and inverteb rates sablefish feed on were concentrated, The masses of
sablefish dispersea in the spring and iiiigrated to the northwest along
the contiiiental slope. From July to September sub lefish concentrated
in the area of capes Olyutarshy and Navarin; they were 'less abuiidant off
the eastern Kamchatka Peninsula and or.ly singular specimens were obser-
Ved Off the Kuril ISlandS and in the OkhatSk Sea.

Sablefish concentrations reaching the Asiari continental slope do riot
particularly differ from those of the other areas of the sea by size-
age structure. However, the domination of males ano the nearly complete
absence of females with maturating gonads has been observed.

While iri 1962-64 tociil biomass of the summer concentrations of sablefish
over the western 8erirg Sea contineiital slope was at a high level, in
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1974-81 the fish were practically absent in catches due to overfishing,
hieasures for conservation of sablefish stocks were adopted in due time
and enhanced their restoration. The first, but still small, assemblages
of sablefish occurred here in 1982.

It has long been supposed that sablefish do not migrate for long distan-
ces, therefore there are some local papulations on the Asian cantinental
slope,

According to tagging data  Sasaki, et al. 1975! sablefish form one
superpapulation and part of the stock is likely to migrate up ta 1,000
miles from their original habitat. The reproductive part of the sable-
fish stock is lacated 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 no 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   1970, 1976! sablefish seem to spawn in the Bering
Sea as some spawning females were caught by Fyodorov in November 1962.
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-
brafes concentrate in the upper continental slope, specifica'lly walleye
pollock, the favorite prey of sablefish. During the peak of abundance,
the density of the pollock assemb'Iages reached 270-300 tons per sq.
mile. In the region to the narth from 58"N the pollock as a rule,
formed no dense assemblages in this period though the catches were
0.5- 1.0 ton per haur 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 ta the true surveys in 1962-1964 in
spring the sablefish begin to migrate to the northwest and in June-July
the fish reach the Asian continental 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 dense and occupied the large area
in the Olyutorka-Navarin region in summer 1962-1964. The total biomass
of this species there was about 60,000 tons. The sablefish assemblages
were less in the area off the East Kamchatka peninsula and off the Kuril
Islands; and in the Okhotsk Sea only a few fish of this species  Novikov
1968! were found. While seasona1 migrations of sablefish along the
Eastern Bering Sea continental slope is evidently for feeding purposes
 Kodolov 1976!, the purpose of the further western migration has nat
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
I!. The length of the individuals in the catches varying from 44 to 84
cm exceeded 75% of these catches. A decrease in percentage of fish up
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Fig. 1, Seasonal di stributi on of the sableii eh assemblages i ~ the
southeastern et ea of the Ber-'.ns Ses, 1962-196%,

ro 52 cm in thiS area in compariSOn With the Sputh and eaSt areaS
Aleutian Islands! has been Observed,

t iS Wprth npting that remaleS With maturing gpnadS Were alSO abSent ln
.he continental slope. Male sablefish prevail in numbers over fema'les
n the Olyutorka-IlaVarin regipn in all SeaSOnS eXCept Spring. In Spring
emaleS Seem to migrate tO the COntinental Slape after SpaWning  Table

ge composi:ion of sablefish is rarher stable in the He ing Sea  Fig.
!. Three to ll year old sablefish are found in catches over tie Asian
ontinental slope, four to eight year fish prevail but younger fish, up
o three yea.s old were not observed in this part of the sea.

ishing statistics by areas in the Bering Sea are not complete. Acco rd-
ng tc Sasaki, et al.   1975! from 1963 to 1973 the Japanese catches of
ab'lefish over the Asian continental slope were about 25'! of the total
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Fig. 4. Age comPosition of the set!cfish. A - Bering Seae
B - the south area of the Bering Sea, 1962-1964.

catch in the Bering Sea. In the peak periods of fishing �963-1964,
1967-1972! the Japanese catches of sablefish on the Asian continental
slope exceeded 2,500 tons, with 16-37% in the long line fishery and
10-742; in the trawl fishery  Tab Ie 3!. These catches could be attribut-
ed to the summer concentration of sablefish in the northern area when
the small-tonnage, long line fishing boats are usually used.

Calculation of the biomass of sablefish 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 0 result of unrestriCteCI fiShing from 1967 to 1978, the catch per
unit effort in the traw'I fishery decreased five to six times and over 30
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times in the 'I ong line fishery  Sasaki, et «1. 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 70s has
enhanced the restoration of sablefish abundance in the easterri Bering
Sea area  Ermakov 1982! and the likely increase of their migr«tion to
the Bering Sea. During the Darvin cruise in 1982 some smal1 assemblages
of sablefish were again observed. According to the preliminary calcu-
lations the total biomass of sablefish were not less than 4,500 tons in
198?  in the northwestern part. of the Bering Sea!.
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Relative abundance and size composition
of sabiefish in coastal waters of

Southeast Alaska, 3978-82

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

ABSTRACT

In May 1978, the NMFS NOr thweSt and Al aSka Fi Sher i eS Center implemented
a research program to monitor sablefish abundance and stock composition
in the coastal waters of southeast Alaska, Annual surveys were per-
formed in 1978-82 at sites between Cross Sound and Dixon Entrance.

Four fishing sites on the coastal southeast. Alaska fishing grounds nea r
Cape Cross, Cape Ommaney, Cape Addington, and Cape Muzon were surveyed.
At the first three sites, long'lines 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 dept h. At Cape Muzon depths were
restricted to 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 SiteS were tabulated aS perCentage Change.
Sablefish abundance index catches increased 45$ from 1978 to 1980 due
to the i nf'lux of pr ema rketabl e-size fish from the 1 977 year-class and
a 344 increase in the number of marketable-size fish, the bulk of
which appeared i ~ 1979. In 1981 survey catches of inarketable sabl cfish
decreased 53$ from 1980 'levels. Survey catch 1 evel s of sablefish
declined again in 1982.

Introduction

sehlefish r~Ao la orna fimhrfe] is oaa of the dost widely distrih ~ ted
and highly valued groundfish species in the northeastern Pacific Ocean,
In North American waters, they are captured frotrr Baja Cali fornia north-
ward through the Gul f of Alaska, along the Aleutian Islands, and in
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the Berifig Sea. Prior to 1978, foreign fleets  primari y Japanese!
dominated the fishery in the eastern  lul f of Alaska.

During the 196D's and 1970's prior to enactment of the Magnuson Fishery
Conservation and Manageinent 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 catc h per unit effort  CP !E ! among Japanese 1 ongl i ners
from 1967 to 1977  Low, 197 7 ! necessitated a reducti on of fishing ef-
fort exerted on the sabl cfish stocks. Annual sablefish catches off
southeast Alaska and associated Japanese longline CPUE data which were
used to monitor changes in that area's sablefish resources during
1966-77, are summarized in Table 1.

Tahie l,--surunary of sablefish calrh data for southeast Alaska Intluding total
' a!T gear! CatCh, LI.5.  al I gear! ratCheS far 1967-82, and Japaneae
I ongl! ne <atch and i r fort data �967-77! p-evi ously used by U.5.
scientists to monito" annual changes in sablefish abundance  Low,
L9 >'/!,

Japanese
! ongl inc

catch
 t!

Japanese
longline

effort  l0
na hi unitS!

Tot a'
catch

 t!

U.5.
ca ch
 t! 1/

Japanese
CPUE  t/10

hachi units! 2/Yedl

l967 862 720217>hA 0.301

7,224 6,364

6,169

6,805

0.245lgbd

7,064l969 211 0.230

7,888 365 0.2291970

8,695

1'1,01Z

6,527

Lgil 7,73726 l 0,204

197Z 749 0,208

0,2031973

7,377 779 D.l951974

0.1846,358 1, 088l9 7 5

6,648 798 0. 191l 976

0.1393,730 8181977

1,738 1,7031978

2>920

2,186

1,689

2,001

2,826l9/9

1980 2,130

1,6151981

1982 2,001

l/ Data furniahed by AlaSka Department Of Fi!h and Game, I'eterSburg,
2/ Hachi unit = standard unit of Japanese longline gear,
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In 1977 MFCMA took effect providing the raeans for U.S. management of
foreign fisheries conducted within the U.S. fishery conservation zone
�00-mile limit!. Under MFCMA, gul f-wide sabl cfish catch quotas were
reduced to 8,000 metric tons  t! and area cl osures for foreign long-
1 iners were impl emented during domestic fishing seasons for Pacific
halibut  hi o lossus ~steeple is!. In 1978 egulations er ~ applied to
exclude fOreign Ong ining far SablefiSh eaSt af 140 degreeS WeSt
longitude. This measure was taken to permit stock recovery and to
allow expansion of the small but viable U.S. f ishery that has operated
in southeast Al aska since prior to Worl d War I I  Al ton, 1981!. Annual
domestic catch peaked in southeast Alaska in 1979 and has decreased
since then  Table 1!.

Before the excIusion of foreign sabl cfish long lining, the primary data
source used to determine stock condition in southeast Alaska was catch
and effort analysis of Japanese longline catches. Foll awing exclusion
of foreign longline effort, the National Marine FiSheries ServiCe
 NMFS! Northwest and Alaska Fisheries Cerlter impl emented a research
program to monitor sablefish abundance and stock composition to provide
an alternate index of stock condition. Surveys have been conducted
annually since 1978 at sites located between Cross Sound and Oixan
Entrance  Figure 1!. The fishery assessment technique employed in
this study is known as "abundance 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 annual survey catches.

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

Surve Methods and Gear

Indexing sites were established in offshore waters nea r Capes Cross,
Ommaney, Addington, and Muzan  Figure I!. The first three sites were
surveyed annually from 1978 to 1982, and the fourth site was surveyed
annually fram 1979 to 1982. The standard survey time period was 25
May to 15 July, although irg 1982 the survey was undertaken about 2
weeks earlier.

Metal-framed rectangular, collapsible traps described by Hipkins
�974! 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 nyIon web. Each trap was baited with 2 lb of chopped Pacific
herring  ~C1 ~ ea ~ha e us allasi! held in perfo ated plastic jars.
Ten of these t  aps were is ed on a graundl inc, as shown in Figure 2.

At the Cape Cross, Cape Qmmaney, and Cape Addington sites sampl ing
OCCurred near depthS Of 150, 225, 300, 375, and 450 fathOmS. At eaCh
depth a string of traps was set and haul ed five times resulting in 250
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Figure 1.  left!
Locations ot 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 st~dies
 from Hipkins, 1974!.
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trap 1 ifts per site, At the Cape Muzon site sampling was 1 imited to
205-231 fathoms because of the irregul ar bottom terrain at the other
depths �50 and 300-450 fathoms!. Four strings of gear were set and
hauled four times fot a total effort of 160 trap lifts at that inter-
val. At all sites the gear was set at approximately the same 1 ocation
each year by means of Loran-C, radar, and depth sounde r. All NMFS
surveys were conducted from the NOAA ship John N. Cobb.

Previous studi es indicated that catch rates of sablefi sh traps de-
crease with increasing soak time  Hughes et al., 1970!. Therefore
fishing time was standardized by use of corrodible magensium-alloy
time-release devices which were calibrated to 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 oper-
ational problems, effect i ve trap fishing t ime was standardized.

The abundance i ndex can be partitioned to exami ne changes i n 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 ent ry into the fishery. The
southeast Alaska fishing i ndustry regards marketable-size dressed
sablefish as those weighing 3 lb or more, coinciding with a fork length
of 57 cm or more. Fish measuring less than 5 7 crn are classified as
prerec rui ts which technically have not eritered the fi shery, although
they are captured and undoubtedly suffer "shaker mortality" when re-
turnedd to the sea. Small marketable sabl cfish weigh 3-5 lb dressed
weight and large marketable sab'lefish weigh more than 5 lb dressed
and are 67 cm or more in fork length. Length frequency figures reflect
annual changes i n abundance fish length, because all captured sabl cfish
were measured.

Most commercial fishermen in southeast Alaska prefer longline gear to
harvest sablefish because of its versatility for varying seabed condi-
tionss; but for research purposes, longline effort is difficult to
standardize. Hai t loss and the catch of speci es other than sabl cfish
must be considered i n standardizing catch rates from longline gea r .
The effective fishing time of traps can he more readily standardized
than that of longline gear, and traps are more selective in catching
sablefish.

Results

Trends in sabl cfish abundance at southeast Alaska index sites

Abundance index data are summarized in Table 2, Numbers of fish cap-
tured at eaCh Site and the annual perCentage ChangeS in CatCheS Of
total sabl cfish  all sizes!, marketable-size, and prerec rui t-si ze
sabl cfish are presented.

Since the three northern sites best represent the area fiShed by the
bulk of the domestic sablefish vesse! s, they are considered separately
fran the Cape Muzon 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 0ixon
Entrance have not encouraged the development of an Alaska sablefish
fishery there,
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Valid estimates of the percentage 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. R bait comparison study
was performed and adjustments were made to the raw data to standard-
ize catches. The change in number of fish per trap served as alter-
nate index of abundance to total catch in numbers for comparison of
1982 catch data to those of previ ous year~.
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Ca e Cross site--Survey catches of sablefish at Cape Cross remained
relatively stable during the 1978-80 period, however, mean lengths
decreased  Figure 3! and marketable-size fish represented a diminishing
part of the index catch. Through 1980, prerecruits increased as
catches of 1 arger fish decreased, thereby maintaining overall sabl cfish
survey catch levels. The largest decrease in relative abundance �3$!
occurred during the 1981 sur vey. Catches of marketable and prerecruit
SablefiSh deCreaSed 40$ and 21$, reSpeCtively  Table 2!. BetWeen 1978
and 1981, the relative abundance of marketable-size sabl cfish decreased
59% at the Cape Cross site.

C 0 't --Annual survey catches at Cape Ommaney have shown
ability in numbers and size composition. In 1978,

the area yielded the lowest survey catch rate of the 4-year per iod,
The overall 1979 survey catch increased 80$ from the previous year
due primarily to catches of large, recently spawned fish  Table 2!.
During the 1980 and 1981 survey years, the survey catch of marketable
sabl cfish decreased. In 1981, the index catch of marketable-size
fish was 375 below the 1978 level� . Two trends typify catches at this
site. The first is the decrease in the abundance of marketable-size
sabl cfish after 1979 and the other is the growing strength of prere-
cruit size classes  Figure 4!.

C Add' t 't --One of the highest catch rates of marketable
ing any of the surveys was recorded at this site in

1980  Figure 5 !. During the previous year, a relatively strong prere-
c rui t year class appeared there giving ri se to speculation that south-
east Alaska sablefish stocks were growing through an influx of small
fish. By 1981, survey catches of marketable fish decreased to a level
344 below the 1978 baseline catch  Table 2 !. Prerecru its composed
a1most half of the catches and the dominant mode in the size frequency
di stribution was at 49 cm  Figure 5 !. Major frequency modes above 60
cm virtual'l y di sappeared between the 1980 and 1981 surveys.

C M 't --The 1981 sablefish index catch at Cape Muzon was 26K
figure. Marketable-size fish were 39% less numerous

and prerecruits were 113K 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 1ength-weight relationships

Sablefish 1ength-weight data were co'llected at all survey sites in
1978 and at Cape Muzon in 1979. Length-weight regression equations
are shown in Table 3 . Females were usua1 ly heavier than comparably
sized males. Dressed weight with pectoral girdle attached was 7 1% of
the round weight of marketable-size sablefish.

Sablefish length at age

The validity of sabl cfish aging techniques i s undergoing critical re-
view. Research to define the most reliable technique is being pur-
sued at various institutions. Age data pr esented in this report
should be viewed as provisional .
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Age data from NMFS sablefish abundance index surveys conducted off
southeast Alaska are available fr om scales for 1978 and from otol iths
for 1979 and 1980. Otal iths processed by NMFS were sur face read.
Tabl e 4 summar izes the mean lengths at age for male and femal e fish
captured in 1978-80.

Juvenile sabl cfish appeared in survey catches on the coastal fi shi ng
grounds at an age of 3-4 years and an average length of 47-51 cm, At
approximately 5 years of age, sablefish reach marketable size. The
average female reaches large marketable size at 6-7 years and ma'Ies
measuring 67 cm or more are at least 7 years old.

0iscussion

When NMFS began sablefish abundance index surveys in 1978, sabletish
resources in the Gulf of Alaska were regarded as being in a state of
I ow and declining abundance. Population abundance indexing with fish
traps was an untested technique. The program was tentatively sched-
uledd for 5 years duration to evaluate the methodology and to determine
the amount of survey effort required ai each site to accurately
follow trends in sablefish abunda nce and size conposition.

Initially index catches were considerea to be small and variability
was often high. It appeared that replicate hauls at each site would
be necessary to establish meaningful abundance indices. With!'n sur-
vey cOnStraintS, it Seemed mOre advantageauS to fiSh four SiteS with
five sets in each of five depths than to expand to nore sites with
fewer repetitions at each, at least until a data base could be built
and catch trends and i ndi ces of abundance coul d be established.

7.30

Several constraints were placed on the program at the outset. The
first was the amount of vessel time schedul ed annually for the index-
ing surveys and second the limitations inherent in the vessel assigned
ed to the program. About 50 veSsel-days were allotted annually to the
indexing pr ogram, which included round-trip running time from Seattle.
The lifting capacity of the hydraulic system lirrrtted us to 10 traps
per string and tts deck space was sufficient to haul equipment for 5
complete stri ngs of gear plus a replacement set. The necessi ty 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.



A possibility exists that survey data collected during 1978 may not
represent a true index of sablefish abundance. In particul ar, we
should cite the early difficulties which were encountered in setting
gear in the 375 and 450 fathom intervals and a tendency far new or
"unseasoned" traps ta 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 ta virgin biomass. Thirty-eight percent of the i ncreased
survey catches  all sizes of fish! occurred duri ng 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 sablefi sh increased by 4$. A 27K increase i n the apparent
abundance of marketable-size sabl cfish during the 1979 survey year
in the Cape Cross-Cape Omma hey area was the result. of catches made on
what appeared to be a concentration of recently spawned adult fish off'
Cape Ommaney . 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 general impressions of apparent stock size.

Domestic catches, especially those north of Helm Paint, increased un-
til the 1981 survey year  Table 5!. However, preliminary indicatians
are that CPUE in numbers of fi sh per 100 longline hooks decreased over
the period 1978-81  Bracken, pers. commun.!.

Survey data from the combined Cape Cross, Cape Ommaney, Cape Addi ng-
ton sites indicated a 39' reduction in total number af sablefish, a
5UX decrease in marketable-size sablefish, and a 30% increase in pre-
recruit fish between the 1980 and 1981 surveys. Sablefish were 12K
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 197B baseline survey  Table 2!. Prerecruits
have increased from 15$ of survey catches in 1978 to 46$ in 1981
 Table 6!. Oividing the marketable category into small and large, we
find that the small marketable portion of the annual sablefish survey
catches has decreased steadily since 197U. Large marketable sable-
fish made up 38-39'L of the total survey catches in 1979 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 fram the 1978-Bl surveys at Capes Cross,
Ommaney, and Addington showing the relative abundance of prerecruit-
size, small and large marketable-size sablefish. As verified pre-
viouslyy in Table 2, 1979 and 1980 yielded the 1 argest overall catches
with 29 and 31% of the total 4-year catch. Prerec ruits made steady
ga i ns i n abundance over the first four survey years. Small marketable
fish maintained a fixed proportion of the overall catch �24! until
1981 wh en their relative abundance dropped by half. In 1981, pre-
recruits composed the most abundant size class.
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The dominant 60-65 cm modes found in the 1978-80 surveys vi r tuel ly di s-
appeared from sabl cfish 1ength frequency distributions during the 1981
survey year  Figure 7!. Mean lengths of sabl efi sh captured at the
northern three sites remained stable at abOut 64 cm during thoSe first
3 years, dec> easing to 59 and 58 cm in 1981 and 1982, respectively.

VI I
3

0
2

9 7 79
90'979 90 VL'J VVV'

IVV I

VI VI VI I L I Vl 11'

V 200 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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00 0 LV 00 02 1 ~ 00 JV 100
I I IV VI'

Figure 7.
Survey catches of p7erecruit,
marketable and total sablefish per
trap, 1978-82, and size composi-
tions of sablefish captured, 1978-
81, at Cape Cross, Cape Qmmaney,
and Cape Addington index sites.
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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 marketable-size sabl cfish
abundance were greatest on northern coastal fishing grounds where the
majority of the domestic catch was taken  Table 5!. An aspect of
concer n was the reduction in numbers of 1arge marketabl e-size fish.
They have the greatest reproductive capacity, most being females, and
the highest value per pound. It appears that at least 3 year s pass
before the fish that enter the fishery as small marketabl es grow info
the large marketable category.

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

Sabl efi Sh aging terhniques empl oyed by hlMFS are undergoing review, but
our data suggest that sablefish move into the coastal fishing grounds
at, ages 3 and 4 and that some gr ow to marketable size by age 5. Uncer-
taintyy of growth and mortality parameters and possible migration
patterns complirate the determination of the effect that coastal re-
cruitment levels have on overaLL sablefish abundance off southeast
Al a ska.

Since 1978, a Japan-U.S, cooperative longline survey has been conducted
to determine the r el ati ve abundance of sabl cfish in the Gul f of
Alaska. Reporting the results of those studies, Sasaki �982L notes
increases in the relative abundance of prerecruit-size sabl cfish since
1979 and their subsequent growth to marketable-size category. He also
states that. Japanese tagging studies indiCate extensive sablefish
movement across the Gul f of Alaska. Bracken �982! presents a migra-
tion model for sabl cfish that takes into account tag returns from
Alaska Department of Fish and Game, Japanese, and NMFS tagging pro-
grarns, 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 pr inci pal
sabl cfish spawning and juvenil e rearing area in southeast Alaska and
British Col ombia waters.

Evaluation of the sablefish abundance indexing technique

The survey data were examined to determine i f sampling ef fort could be
reduced at each site and yet be sufficient to reflect changes in rela-
tive abundance, Any savings in ef for would then be used in future
surveys for additional index sites. 8y 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 a much different picture of changes in sable-
fish abundance than their indices at 2 or 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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ver ify that possibility, a simple ranking procedure was foll owed
 Table 9!. The overal 1 ranks support the hypothesis that the fourth
and fifth sets were smaller than the first three during the 1978-81
survey period.

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

Set numbe r

Year/site 2 3

1 2 5 4 3
2 4 5 3 1
1 2 3 5

Sum of ranks 4 8 13 12

8 7 7Sum of ranks 12 11

2 1 5 4 3
5 4 3 2 1
5 2 4 3 1

12 7 12 9 5Sum of ranks

4 2 5 1 3
2 5 1 4 3
4 5 2 3 1

10 12

3.5 3.5 5

1/ Ranked from lowest to highest catch.

By r ep'tacing the annual percentage change in total numbers of sable-
fish captured per site  the traditional index of abundance used in
thiS reSearCh! With mean numberS Of SablefiSh Captured per trap per
site, we find that at the 3 set per site level of survey effort, the
trendS in appa rent abundance ClOSely parallel thOSe fOund at the 5 Set
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1978
Cape Cross
Cape Dmmaney
Cape Addington

1979
Cape Cross
Cape Ommaney
Cape Addington

1980
Cape Cross
Cape Ommaney
Cape Addi ngton

1981
Cape Cross
Cape Ommaney
Cape Addington

Sum or ranks

Overall rank

8 7

2 1



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.

CAPE ADDINGTON

81

0 1978 79 80 81
Srrrvev veer

79 80 81
Surrev veer

1978

Figure 9.--Catch of sablefish per trap for 3 and 5 strings of survey
effort at Capes Cross, Ommaney, and Addington, 1978-81.

~Suml

In light of the above conclusions, i t 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 sabl cfish abundance and size composition at one of the species'
most important geographical focal points,
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A principal criticism of the trap sur vey has been that the relative'ly
small number of sites distributed over a large coastal area do not re-
flect the true picture of sabl cfish abundance. Judging from analyses
of trap indexing CPUE data, the sur vey would effectively show
abundance trends by per forming 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 all ow re-
distribution 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 presently sampled wi 11 be necessary .

Another suggested weakness of the NMFS trap survey is the low 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 sabiefish
caught per 100 hooks! in the coastal domestic fishe ry 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, Aieutian

region and Gulf of Alaska based on the
results of Japan.U.S. joint longline

surveys from 1979 to 1982

Takashi Sasaki
Far Seas Fisheries Research Laboratory
Shirnizu, Japan

Ai stra ct

Japan and the tInited States jointly conducted a systematic groundfish
survey with the use of bottom longline gear in the Guff of Alaska for
the first time in 1978. Since the 1978 survey was of a preliriinary
nature for the purpose of obtaining basic data necessary for making
plans for future surveys, the data is used only for reference, After
1979, the long'Iine surveys were expanded to the Aleutian region ar.d in
1982 a survey was carried out in the eastern Bering Sea. The main
objective of the bottom longline surveys was to clarify the relative
abundance of the sablefish stocks living in the depth range of 10]
1,000 m and their size structure, as well as to examine the year to year
chanqe in the stocks. The survey methods applied in the longline
surveys since 1979 have basically rernai ncd unchanged. The results of
the surveys reveal that the biomass of sablefish increased since 1979 in
both the Aleutian region and the GuIf of Alaska, and in 1982 the bior.ass
increased 85~ in the east area of the Aleutian region and 70% in the
  ulf of Alaska from the 1979 level. Such a sharp increase in the
biomass is believed to have been caused hy 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 period of ti me. Qn
the basis of the 1982 survey, the biomass in the eastern Bering Sea and
the Aleutiar. region was respectively estimated to be about one-tenth of
that in the rulf of Alaska.

introduction

Up tc the present, riany groundfish survevs have been conducted by the
research institutes of various countries in the Bering Sea and rorth-
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

Since 1978, Japan and the United States have jointly conducted
systematic groundfish surveys with the use of bottom longline gear. The
long!ine survey is the first large-scale and systematic survey for
sablefish stocks in 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 Bering Sea for the first time  Fig. 1!. Apart from the
longline 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
trawl gear have produced much useful information on the sablefish
stocks. Consequently, the biological information on sablefish stockswas ra.pidly increased. I no 1 11

lfn u

Figure 1. lief l ~ ition of the region and area appl lee in th Japan-lu.s joint longline survey
in lhe eastern Bering Saa, Aleutian ogion ana Bulf of Alaska,

The important activities in the longline surveys are to collect biologi-
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 c'larify the relative stock
size and the size structure of sablefish stocks living at the depth
range of j0l � 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 longline surveys, the relative
populatioy number  RPhl! and relative population weight  RPW! as an index
of population size and biomass, respectively, as well as the size
structure of sablefish living 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 proceedir<g with the report, the «uthor wishes to express sincere
appreciation ta Mr. Duane Rodman of Northwest and Alaska Fisheries
Center who cooperated with us in the longline surveys fram the beginning
as well as in the research activities ard the data analysis, and ta Mr.
Michinari Kuraiwa, Dr. Tadashi Inada, Mr. Masaru Onoda, and Mr. Kenji
Funato, of Japan Marine Fisheries Resources Research Center who exerted
efforts as senior investigators through the surveys. The author also
v<ishes ta express thanks to Mr. Ron Tanino, Mr. John Rasapepe, Mr. Frank
Shaw, and Mr. David Clausen of Northwest and Alaska Fisheries Center for
their participation and cooperation in the surveys. Further, the author
wishes to extend thanks to a'll the crew members of the Hatsue varu
No. 55, Ryuaho manu No. 15, ~aku onhi nm u No 5 a d ~An o ma u No. 22
wWio extenne fuTI cooperation in the navigation of the research vesseTs
as well as in the research activities.

Methods

Field surveys

The preliminary investigations were made in 1978 with the use of varyinc
numbers of hachi, and various baits, as well as in various depths af
water. But, the method used in the longline surveys since 1979 has
basically remained unchanged. The utmost care was taken not ta 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 middl 
of May ta 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 stations in 1978, 57 in 1979, 76 in 1980 and 1981, and 108 in
l982. The 1978 surveys were nf a prelir.inary nature; and, the experi-
mentation reqarding the fishing efticiercy of longline gear was sepa-
rately carried out in 1979. Therefore, the numbers of survey stations
in that year were less than in other years. The survey stations were
distributed as evenly as passible without geographic part,ialitv, The
lonaline survey was conducted or ce a day at, each survey station.
Normally, the longline with 160 hachi wa'. used in one fishina operation
The longline was set in direct angle tn the isobath in such a way as tc
cover the depth range of 101 � 1,000 m out, the distar,ce between the
isobaths varied with the survey stations . Sin»~ the number of hachi
one operation was kept to 160, in stations where the depth range of 101

1,000 m extended very widely, *11 of this was principally set from th
direction of the shore outward, and the ship returned to the paint wher
the line setting began to haul the line.

In the lonqline survey a 100 m grourd-li<ie with 45 hooks fixed on 1.2 r
gangions was used as the standard gear of one hachi. The interval
between the hooks was 2 m. The size of the hook was 74 <nm in length an
21 mm in width. Ping-cut short-finned squid were used as bait. The
soaking time was 5 ta 6 h<iurs on the average, but it varied «ith the
point of the longlines. Counted from the start of hauling, the soakin<
time was about 3 hours, but if counted a-. the end nf the haul it was 7
to 9 hours. The catch was recorded by fish species nr species group pe
hachi as to the number caught. The fishing depth was recorded with a
fish fir der on the basis of every 5 hachi. The water depth recorded wa
right under the boat, sa it may differ slightly fron. 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 avail ab! e 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 analysis

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 purpose 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 thi s report . The stratification of the cat ch data, which is
the unit of the data analysis, was made on the basis of IOO 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 size composition 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 nf the catch data, the average catch rate was cal-
culated for each stratum. As earlier stated, the soaking time periods
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 ca..ch 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 to represent the relative population
size living 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 bioriass thus obtained in each stratum of each
region or area will be the index representina the relative stock size of
the whole region or the whoIe area.

The study of the size structure of the sablefish stocks was made on the
basis of the size composition of the fish caught weighted by the rela-
tive population number of the corresponding stratum, The size composi-
tion obtained through the sum of the size compositinn of each stratum of
each region or area weighted by the relat:ive 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 � I,DOO m was divided into 9 strata by a 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 eastern Rering 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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Of the fishing ground area thus obtained, the Yodiak are<i ii! the Gulf' is
the largest, accounting for 20% of the whole area. By region, the Gulf
of Alaska is the largest, accounting for 64M of the whole, followed hy
the Aleutian region accounting for 23K, and the eastern Bering Sea 127.
But, as for the area containing the depth range of over 401 m, which
COnStituteS the majnr fiShing grOundS far Sablefish, the Aleutian reginn
rontains the largest area, accounting for 42m of the whole area with the
401 � 1,000 depth range, followed by the Gulf of Alaska accountinq for
36~ and the eastern Berinq Sea 22%.

Resv ts

1.! Catch rate

The geographical distribution of the catch rates per hachi, which is the
indeX Of the pOpulatiOn denSity, ShOWS that, aS a general tendenF:y, the
eastern areas of the Gulf of Alaska, particu'larly the Southeastf rn area
indiCate high rateS, and the WeSt Aleutian area and R~giqn IV ef the
eastern Bering Sea showed lower rates  Fig. 2!.
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f iqore ?. Iiean catch rate  Member of fish pe- one hach! longline Oni t! of tabl cfish
by area and by depth in thl ea6 term Bering Sea, Aleutian region and G ~ If
of Alaska in the 6pgrmer of 1982.
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The area north of N59 in the Berinq Sea, the Bower< Bank in the0

Aleutian regiOn, and the Shel ikOf Strait, the COOk ln'let, prinCe Will iarl
Sound, and the inland waters of the Southeastern part of the Cul f of
Alaska were not included in the calculation of the fishing ground area
because surveys were not conducted in those areas.



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 � 600 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 II 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 to the results of the 1982 surveys, in which data were obtain-
ed from all the research areas, the sablefish population living in the
101 � 1,000 m depth range were the most abundarit in the Chirikof,
Kodiak, and Yakutat areas. These areas alone accounted for 62'X of the
whole sablefish population in all the researched area.s. The population
size in the southeastern area where the populatior. 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 to the 1982
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, 82K 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 differerice in the population size among
regions in the range deeper than 401 m, which is 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 100, 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 Chi ri kof, Kodiak, and Yakutat areas contain the largest stocks based
on the comparison of the population sizes in 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 22K and ZIX respectively. The share of the Chirikof 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 13K, showing a similar share as in the comparison
under the 101 � 1,000 m range in the whole of the Gulf of Alaska.

Next, 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%, �.5 tires! in the period from 1979
to 1980, From 1980 on, the estimated values of the relative population
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size in the who'le region were obtained. Namely, the population size
decreased 12% in 1981, but increased 13K 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 - 1,0DD m range increased, showing
that the population size in 1982 registered a 141%%u 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 af growth is far lower than the rate of growth
observed during the corresponding period in the eastern area of the
Aleutian region registering a 149K 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 294 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 14K 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 cha.nge 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 l and Fig. 3!. However, there was not so great a dif-
ference in the biomass in the depth below 401 rn 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 who'le depth range of 101 - 1,000 m in the Gulf
of Alaska, the Chirikof, Kadiak, and Yakutat areas show large figures
 Table I 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 is the
major fishing ground for sablefish, Kodiak, Southeastprn, and Yakutat
areas shaw large figures, similar to the case of the population size.
The biomass in the Chirikof area is the fourth and the Shumagin area is
the smallest  Table I 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 A!eutian region and the Gulf
of Alaska. But the degree of the change is different from the case of
the population size  Table 1!. In the eastern area 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 population weight IRP�! as an index of sebi cfish
biomass in total, 101-4OO m and 401-1.000 m depth I ange of
the eastern Bering Sea, Aleut~an region and Gulf of AlaSka
in the sixtiaer of 1979-lgaz.
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4! Size structure of population

bet 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 Oering Sea the size structure of the stock in 1982 Tn the 101-
1,000 m depth range showed a nearly normal pattern of distribution with
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Fiqure 3. Coniparison of regional relative biomass in 101-1,CQC m depth ranqe of the eastern
fsering Sea, Aleutian region and G ~ if of flasks ir the sumneI of 1 get,
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Figure 4 Relative population weight as an index pf bitlinass by area and
by depth in 101-1,000 m depth range tsf the eastern Bering Gea,
Aleutian region and Gulf pf Alaska in the sumer of 19BZ.
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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 Gu'If of Alaska shows that the ratio of the
sizes over 70, 1 cm is extremely small, accounting for only 2X of the
whole stock.

!n 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 over 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 1n 1980, but remained unchanged in 1981,
and again increased in 1932. As in the Aleut1an region, the 1977 year
class is rapidly increasing yearly in popu ation with sizes rang1ng 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 distr1bu-
ti on wi th the 56 . 1 to 58 .0 cm as a mode in 1982 . There is no great
change 1 ~ the stocks of fish w1th 66. 1 cm or larger, This size remains
relat1vely stable.

If the size structure of the stocks 1s examined by depth, in the eastern
Bering Sea there is no difference in the size structure observed due to
the depth, In the Aleutian region, the entry of the 1977 year class was
observed in 1980 in the depth zone of l01 � 200 m. But this young group
of fish disappeared from this depth zone in 1981. In the 201 - 400 m
and 401 � 600 m depth zone the 1977 vear class of fish are growing in
the size structure year after year. Even in the 601 � 800 m zone there
are some effects observed of the lgi7 yeai. 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 zone were extremely small. Even in
the depth below 200 m the effects of this year class are remarkable,
show1ng that the said year class 1s 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 length of 58.0 cm  with
average weight of 2.00 kg! or less having lower commercial values, and
the group of middle and large size fish with a fork length of more than
58. I cm having higher commercial values, arid examine the trend of the
stocks. In the period from 1979 to 1980 the small f'ish group increased
669% in number and 618% in weight 1n the east Aleutian area  Table 2!.
In the Gulf of Alaska the same increased 464 in number and 55'X in weight
in the corresponding period, The reason for a lower rate of increase in
the Gulf of Alaska as compared with the Aleutian reg1on 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 Gulf of Alaska in
1979. The small fish group decreased in both number and we1ght in both
nf the regions in 1981. But in 1982, while the same decreased 4X in
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Relative population weight  RPIS! as an index of sablefish
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The middle and large size fish group of 58. 1 cm or larger increased in
both number and weight year after year in the Aleutian region, The
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stock size of this group in 1982 increased 40.. in number and 257 1n
weight from 1979 1n the east Aleutian. In the Gulf of Alaska, the stack
size of this group in 1980 decreased Z%%d in number and 5~ in weight from
the previous year, but in 1981 and 1982 increased in both number and
weight, In 1982, the stock size of the fish group of 58. 1 cm ar larger
in the gulf of Alaska increased 84% in number and 73'X in weiqht. from the
levels of 1979.

Discussion

There is no precedent c'f a large-scale systematic groundfish survey
conducted in the past with the use of bottom long!ine gear. Therefore,
it was necessary to proceed with the .urvey plans carefully. The
important point is whether the abundance. of the sablefish stocks can be
estimated without variability through the longline surveys, The aavan-
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 enaine will not
affect the fishing efficiency of the fishing gear, and that the fishing
gear is so simple that a gap in fishing technique wi!1 not occur due to
a change of personnel, making it possible ta conduct the surveys under
s milar conditions year after year. The disadvantages are that the
stock abundance can only be estimated in terms ot relative values, and
that this method is only effective to limited kinds of fish species,

The longline 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, � .or the purpos~ of an abun-
dance survey the longline is not suited for species of fish that tend to
move in schools, and are distributed in patches. Yet the distribution
patterr.s are always changeable, and under these circuristances it is
d1fficult to obtain stable estimates of the stock abundance with small
variance. It was found from the results af the 1978 surveys tl'.at
although the distribution density of the sablefish greatly varies with
the area or the water depth, the variance in the distribution derisity is
small within the same stratum between the survey stations, This shows
that the sablefish are relatively evenly distributed. Thus, it was
deterr ined that this species was su1ted for the longline surveys,

With regard to the longline survevs conductEd, the survey efforts
exerted in the 101 - 200 m depth zone ln t.he Gulf of Alaska were nat
enough. Therefore, the accuracy of the estimated value of the ralat1ve
stock size in this depth zone is questionable. It is also noted that
there occurs a gap in the soakinq time period of at. least 5 � 6 hours
between the time hauling began and the iime it was completed. Also, the
fishing qround area in the deep depth range is understated, and there is
a gap betweer. the fishing depth for re-ording and the actual fishing
depth, These are the ur salved problems,

Regarding the soaking time, the experiments made with three different
time periods of 6 hours, 12 hours, and 18 hou~s during t.he 1979 longline
survev show there is no difference in the catch rate. It cauld not be
determined through these experiments whether the soakinll time qap of 5-
6 hours would have an effec:t on catch. Setting the lonaline is dane
fram the shoreside outward and the ship goes back to the starting point
in order to haul the line. This method remained unchanged reqardless 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 actua'I area is not more than 10'%%d 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 oap 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 zones. It is consid-
ered that the relative values of the stock size among the areas in the
same depth zone will not basically differ trom 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 accurately record the catch depths. But, it is
extremely difficult to accurately measure the depth for every hachi in
the longline survey. The catch depth of record is adjusted deeper than
the actual catch depth. But as far as the stratum is concerned, that
gap is considered 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 value 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 impar tant
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 biomass.

~Subpar

The results of the longline surveys conducted over a total period of
four years can be summarized as follows: 1! The sablefish stocks in
1982 as compared with those in 1979 increased 139% in nu~ber and 85% 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 1979 living in the 401
1,000 rn depth range, which is the major fishing ground for sablefish,
increased 14IX in the east area of the Aleutian region, and increased
69% in the Gulf of Alaska, And the bioniass of the same fish in the said
depth range grew 19% in the Aleutian region and 95%%d in the Gulf of
Alaska in 1982 over 1980. 3! The middle and large size sablefish stocks
with the fork length of 58. 1 cm 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 regior. 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. 5! 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
surveys, 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 is 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, Aieutian region

and Gulf of Alaska based on the
results of field surveys

Takashi Sasaki

Far Seas Fisheries Research Laboratory
Shirnizu, Japan

Abstract

The groundfish surveys in 1979 and 1980 have clearly proved the entry of
a strong year class to the exploitable stocks in a large expanse of
ocean extending from the eastern Bering Sea ta 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 sablefish recruitment is not
stable fram year to year, but that it i, largely influenced by the entry
of a strong year class which occurs suddenly. Furthermore, the latest
studies reveal that the life of sablefi:h is much longer than previously
thought, and that the storks consist of the fish of many year classes.
In view of these points, particularly of the occurrence of a strong year
class, the stock assessment through a production model previously
applied is not considered to give an adeouate evaluation. In this
paper, the recent stock condition af 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

Sablefish  Ano lo orna fimbria! is one of the important groundfish
species fished in t e North pacific. The distribution of sablefish
extends aver 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 Siberia. 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
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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 11mited 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 well
as in the northea stern Pac1fic Ocean. Correspondingly, the fishery
operations for sablefish were widely expanded over the major d1stribu-
tion areas. The sablefish catch by all nations concerned reg1stered a
peak of 66,700 tons in 1972. However, the annual catch thereafter began
to fall under the catch limitations imposed by the United States and
Canada, and the estimated catch 1n 198C was 25,000 tons.

The trends of sablefish stocks have been analyzed on the basis of the
CPUE data obtained by the Japanese longline vessels that have consis-
tently maintained their fishery operations mainly for sablefish in most
of the major distribution areas. In I977, the United States and Canada
enacted laws establishing a 200 mile fishery zone, and 1mposed new and
various regulatory measures on foreign fleets operating fisheries within
a 200 m1le zone from their shores. As a resu'It, 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 rrpresent 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 biology, In this paper, the recent condition of
sab'lefish stocks is assessed on the basis of .he results of the Japan-
U,S. ,ioint longline surveys as well as the results of the longline
survey by the Aomori maru and the U.S.-Japan joint trawl surveys in the
ea".em Bering Sea, Aleutian region and Gulf of Alaska. The author
would like to further examine the ABC  Acceptable Biological Catch! of
sablefish post-1983 1n these regions, as we' ll as some management prob-
lems.

Stock Condition in Recent Years

Commissioned by the Fisheries Agency of Japan, the Aomor 1 maru, a
training boat of the fishery high school of Aomori Prefecture, conducted
a groundfish survey 1n 1969 in the Gu'If of Alaska with the use of bottom
longline gear. The purpose of the cruise of the Aomori maru was chiefly
tn provide tra1ning in actual fishery operations ttn tie students, and to
obtain the resulting data. This type of cruise by the Aomori maru was
conducted only orce. However, the information obtaine~t rough this
operation by a non-commercial vessel regarding the population density is
very valuable considering 1t 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. I!.
The operations 1n the said areas lasted 19 days, using 3,454 hachi and
resulting in a total catch of 33,444 sablefish. The average catch rate
in the Kodiak-Yakutat reg1on was 9.68 fish per hachi  Table I!. Based
on the size composition data, the cat<'h wei ght per hachi was calculated
to be 30.2 kg.
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Figure 1, Long	'ne Operatinn area and pOSitiOnh by
A1aSka in the Stltleoer OF 1969.
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In the Aomari maru survey, longline gear with 55 hooks per hachi was
used. Fut, in ttre 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.S.
joint longline surveys since 1979 and the results of the 1969 Aomori
maru survey, calculation was made on the average catch in number~an in
weight per hachi in the 401-800 m depth range of the Kodiak-Yakutat
region from the data of joint longline surveys sirice 1979. The results
are as follows:

verage cate 1 1 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 sab'lefish 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 lonqline gear. U.S. and Canadian
fishermen, too, have long been engaged in this type of fishing. But,
these fisheries were limited to certain sites. So, it is assumed that
the stock level in the whole Gulf of Alaska was in a slightly exploited
state. The stock condition in 1979 and 1980 indicated a reduction of
32K in number and 34-39% in weight from the level af 1969. In 1981 the
stock condition rose 6'K over the level of 1969, and in 1982 the same
rose 40K in number and 19% in weight, over 1969. The size composition
data indicates the fact that this increase of stocks was caused by a
large 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 1979 and 1980 as compared with that in 1969 shows that
the overall curve was lowered in proportion to a decrease in abundance.
But, the range and mode of the size composition remains almost unchanged
as compared with 10 years ago, showing that the sablefish stocks in the
401-800 m depth range of Kodiak and Yakutat areas stil'I 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
stock condition in the whole Gu'If of Alaska. Since 1969 the sablefish
stocks in the Gulf of Alaska have chiefly been exploited by the Japanese
longline vessels in the 401 � 800 m depth range. It is also noted that
the biomass in the 401 - 800 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 1979 in the 401
800 m depth range in the Gulf of Alaska as compared with that in 1969
was believed to have declined 32% in number and 34K in weight. In the
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Figure Z. Size cOmpOsi tio ~ s of sablefish weighted by catch rates in 401-
800 m depth range of the Kodiat-Yakutat region in the gulf of
Alaska from 1969 and 1978-1988 ionoline surveys.

period from 1969 to 1978 the cumulative catch by all the nations concer-
ned in the Gu'if of Alaska amounted to 242,300 tens, 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 longline vessels tha.t were not allowed
to cat.ch 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, 54K 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 establishing a 200-mile
zone, was 13,9, showino a drastic drop. This clearly shows that there
is a qualitative discontinuity between !he data before 1976 and the data
after 1977. Under the circumstances, considering that the CPUF in 1976
declined 21% from 1969, the estimated 34K reduction in the biomass in
1979 from the level of 1969 on the basis of the data obtained by re-
search vessels is considered substanti .lly reasonable even in view of
the change in the CPUE as reported by commercial vessels.

To summarize the above observations, the biomass in the Gulf of Alaska
WaS almOSt in the uneXploited State in !969. Therrafter an annual CatCh
of 24,000 tons on the average has been maintained. After 10 years, in
1979 thp biomass decreased 34K from the level of 1969. The stock
condition in 1979 was still favorable in both abundance and size st.ruc-
ture. This condition was maintained effectively using the irregular
occurrenre of a strong year class. The stock cordition in 1982 sharply
expanded on account of recruitment of extremely abundant young fish,
which are believed to be the 1977 year class, shtiwing a 19K rise ir. the
biomass from the level of 1969. Further, the middle and large size
stocks with i'ork length nf 58. 1 crn or larger increased 73",. over 1979.
After 1983 the population rlay decrease, but it is expected that the
biomass will continue to increase for the time being.
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Estimation of Biomass in 1982

Since 1979, large-scale trawl surveys have been carried out jointly by
Japan and the U.S. ir, the eastern Bering Sea and the Aleutian region
includinq the continenta! slopes. Tr<iwl surveys as well as longline
surveys were conducted in 1980 in the Aleutian reqion and in 198Z in the
eastern Bering Sea. The reports on the 1982 trawl surveys have not been
released yet. Based or 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 Che 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,
198Z!, According to the 1979 survey report, 97.2% �4,ZOO tons! of the
sablefish stocks were concentrated in the southeastern waters off the
Pribilof Islands. In the Aleutian region, a preliminary report of the
1980 trawl surveys reveals that the biomass of sablefish at the 101
900 m depth in the Aleutian region excluding Bowers Bank was estimated
to amount to 19,464 tons  IIWAFC 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 IOI - 900 m depth range was estimated Co be 23,602.
In 1982, the longline surveys were conducted in t.he eastern Bering Sea,
the Aleutian region, and the Gulf of Alaska, and the relative va'Iues of
the biomass in respective regions were obt.ained, If the estimation was
made of the biomass in respective regions 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 27,658 trns in the eastern Berirg
Sea, 25,552 tons in the Aleutian region, and 263,869 tons in the Gulf of
Alaska. Likewise, the biomass in the Gulf of Alaska in 1979 was esti-
matec 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
hl59 unlike the case of the traw'l surveys. The ratios of the biomass in
respective regions are clear from the results of the 1981 Craw! surveys.
If the longline survey results were extended over the whole area of the
eastern Bering Sea by applying Chose ratios, the biomass 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 include Region
I. Taking that into account, the biomass in the whole eastern Bering
Sea in 1981 could be estimated to amount to approximately 55,000 Cons.
Then, Che biomass of 32,788 tons for 1982 earlier estimated through the
relationship of Che biomass estimate by trawl surveys to the relative
values of the biomass obtained by longline surveys is considerably lower
as compared with the foregoing estimate.

In an area !ike the Aleutian region where the variations in depth are
sharp and the bottom contours are rough, a stable trawling operation is
extremely difficult. The difficu ty 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 Che vulnerability of the trawl tear as 1. 00. Taking
these into cnr sideration, the estimate of 19,464 Cons of sablefish bio-
mass in the Aleutian region in 1980 should be considerably underestimated.
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Acce table Biolo ical Catch after 1983

It is necessary to maintain a 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 level of adult stock which should
be maintained is not clear at 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 to
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 abundant
year class.

As earlier mentioned, the biomass level in the Gulf of Alaska in 1982 is
higher by 19~ than that in 1969 when the 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
quarantee that recruitment will increase if the biomass increased over
the level of 1979. Therefore, if consideration were given to maintain-
ing the biomass at a level not lower than the 1979 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 9X,

Following the case of the Gulf of Alaska, if the exploitable 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 biomass estimated by the
trawL surveys in the eastern Bering Sea in 1981 amounted to 55,000 tons.
Assuming that no change occurred in the biomass in 1982 as compared with
1981, the ABC in 1983 is estimated at 5,000 tons, which is g%%u ot 55,000
tons. The exploitable rate of the stocks based on this catch level
shall actuaLLy be considerably lower than 9%, considering that the
current biomass est,imate is quite understated.

Discussion

In recent years field research has aci.ively been undertaken by the
research institutes of various countries, aside from the Japan-U.S.
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 extendina from the eastern Bering Sea to the Canadian waters in
1979 or 1980   Bakkala et al,, 1981; Beami sh et aL ., 1980; lenger, 1981!.
This year class is tentatively considered 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 t.he stocks
as it entered.

As 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 production model  Low and Wespestad, 1979;
Sasaki, 1978; U.S. Department of Commerce, 1978!. If it is true that
recruitment is not stable, Chat the life of the sablefish is longer than
previously thought  Beamish and Chilton, 1982!, and Chat the stocks
consist of many year classes, it can be said that the stock analysis
results through the production model based on the catch and effort data
obtained from a relatively short 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 Co estimate the maximum sustainable yield from the recruit-
ment. In the case of sablefish, reasonably reliable va'Iues of these
parameters are not available yet. Therefore, at this time it is diffi-
cu'It to accurately estimate the maximum sustainable yield from the said
strong year class 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
results of a variety of groundfish surveys made by research vesse1s.
These estimates are based on the assumption Chat the natural fluctua-
tions of the biomass in the future will not differ so much from the
fluctuations observed from 1969 Co 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 level
in the Gulf of Alaska is considered high. .herefore, we consider it
possible to maintain the allowable catch indicated in this paper.

In the eastern Bering Sea and the Aleutian region, sablefish spawning is
not effectively linked Co the reproduction of the fish stocks. The
stocks in these regions are considered to have been maintained by the
fish that migrated chiefly from the rortheastern Pacific  Kodolov,
1968!. It has been prove~ by the tagging experiments that the sablefish
stocks from the eastern Bering Sea and the Aleutian region and those
from the northeastern Pacific mix with each other  Pasquale, I964;
Pattie, 1979; Sasaki, 1979!. IC is impossible Chat all the sablefish in
the Cwo regions will return co the northeastern Pacific, but it is
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 Pacif~c,
those remaining stocks can be considered as emigrant stocks that do not
contribute to reproduction, Although it may not be necessary Co 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 nf Alaska are managed under the divi-
sion of three districts. According Co the results of the 1982 longline
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Certain causes of sablefish  Anoplopoma
fimbria! population depression

L.S. Kodolov
Pacific Research InstitUte of

Fisheries and Oceanography  TINRO!
Vladivostok, U.S.S.R.

Abstract

The spawning range of sabletish 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 southwest
as the Kuril Islands, while some individuals may reach Japan.

The migrations ar'e 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 ihe abundance of fish migrat-
ing from the eastern areas,

Analysis of the age patterri of sablefish in particular areas and of the
pattern of recruitment stock has shown that ihe bulk of recruitment of
the Bering Sea commercial stock are individuals of 4, 5, and 6 year-
rlasses which prior 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.

A similar reduction of recruitment was observed in the Gulf of Alaska.

The pattern of recruitment rate of commercia'I stocks of a sablefish
shows that a paramount cause of abundance decrease of sablefish in all
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areas of its range is fishing pressure on immature fish and recruitment
but nat the spawners. This is particularly obvious in the Bering Sea
sab'l ef is h stock.

Proper fishery management will enhance the population of sablefish.

Limitations imposed by the LI.S. government on the sablefish fishery have
already brought benign changes in the Bering Sea population and
abundance of fish migrating to the Bering Sea increased noticeably in
1982.

We 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 af future sablefish
yield.

Banning of sablefish fishing aff the eastern Aleutian Islands and in the
western Gulf of Alaska would contribute ta the further restoration of
the Bering Sea stock.

The sablefish reproductive zone located in the Eastern Gulf of Alaska
and off the Pacific coast of North Aruerica is clearly distinguished
within the sablefish habitat area. Although spawning is also possible
in the western areas, the stable annual reproduction is doubtful there
 Kodolov, 1976!. Some catches of prespawning sablefish were taken by
Fedarav, V.V. in the Bering Sea in 1962; anc their larvae were found by
the Japanese specialists  Kabayashi, 1957!. The waters af the Bering
Sea, Eastern 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 af sablefish from the
Northeast Pacific to the Bering Sea and back  Sasaki et a1, 1975, Low et
al, 1976!. These migrations have no regular pattern. Thus, according
to the results of tagging  Ho]mberg and Jones, l954! some fish may
remain in the area of tagging and others may migrate far from the area
of initia'I 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
six year old groups are the basic migrants, The alder fish also seem to
take an active part in these migrations.

The age strucrure of the sablefish taken from the Eastern Aleutians and
Western Gulf of Alaska is close to the theoretica1'Iy-calculated age
composition of the Bering Sea commercial stock recruitment  Fig. 1!. No
doubt that the recruitment of this stock or a considerable part of it
begins fram this area and the recruits approach the Bering Sea slope
during the war m part of the year  Koda Iav, 1976!.

Before 1959 the sablefish fishery was nat 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  FAO 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 Gu'If of Alaska and northward fram Vancouver Island; 5,000

266



20

20

IO

1. Age structure of saalefish:
The Bering Sea, 1962-1972»
The eastern Aleutian Is lands I'373;
western Alaska, 1964-1973»
Vancouver-Oregon area, 1966-1973;
recruitment of the cossaerciai
Bering Sea stoca.

Fig

20
B
c-
o-

10

20

10

20

IO

2 4 6 8 10 12 14

aff British Columbia; and 7,000 off the pacific coast of the USA  Low et
al, 1976!.

The Bering Sea sablefish fishery has not progressed in its harvest.
From 1959 to 1962 the gross catch of sablefish reached 28,500 tons and
from 1963 ta 1965 the rate of exploitation was extremely reduced. In
the years 1966 ta 1968 the Soviet Union began exploitation of the
biological resources on the continental slope, the Japanese fisheries
were again intensified and the tota1 catch of sablefish reached the peak
level of 32,700 tons  Kodolov, 1976!. Since thut time the yield and
catch per unit effort  Low et a l., 1976! have been steadily decreasirig.
We da 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. It is only obvious that the yield
exceeded the biological possibilities of the Bering Sea commercial
stock.

Since 1969 in the Gulf of A'Iaska and since 197 I irl the vancouver-Oregon
area this reduced recruitment has been observed, although the informa-
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The analysis of the 1962-1973 dynamic, of sablefish age structure showed
that during fishing intensification, a lack of recruitment was observed
in the commercial sablefish stocks. A similar reduction in average age
af sab'lefish stocks was observed in the early fisheries  Fig. 2!. In
1965 and 1966 this lack of recruitment. began ta 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 Aleutians
where recruits of the Bering Sea commercial stack were concentrated.
From 1967 ta 1973, after intensification of the fisheries in this area
began, the deficiency of recruitment rapidly progressed.



Fig. 2. The changes of sahiefiah age stcuctuce in 1962-1973.

tion is less comprehensive in the latter case. ine reason ia she 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, Sasaki et al, l975!. 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 f 10 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 af exploitation in the
mid 60s. The 196D 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 I!, although the spawners af the 1957 to 1961
year-classes were little harvested before 1964. But they were present
in sufficient numbers in the camnercial stock before 1970. In other
wards, the reproduction decrease caused by the catch af the spawners
could never result in such a drastic reduction of the commercial stack
abundance. Before 1967 there were no serious obstacles to sablefish
migration ta 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,DDD ta 4,500 tons of
sablefish. This caused the certain lack of recruitment.,  Fig. 2! and
after 1964 almost complete disappearance, of three year-old sablefish
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',r. 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 af A'laska and Aleutians
in 1970 to 1971  Sasaki et al., 1975!.

In 1974 the Soviet fisheries and investigations 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 ta 1980. From 1974 ta 1981 only single sable-
fish were found on the Asian continental slope. However, the restricted
measures on sablefish catches taken by the United States government were
successful and in sunmer 1982 they began their migration to the Soviet
economic zone for the first time in eight years. These migrations are
nat yet abundant and the question af the restoration of the specialized
fisheries on sablefish have not been raised so far. Only pursuit of the
proper fishing policy may restore the large-scale fisheries in the
Bering Sea.

The experience of the sablefish fisheries showed that establishing the
sustainable yield without consideration af the biology 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 af the fish were small, and thus of
lower 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
restorati on 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, 3979-81
and California, 1980-82

Norman B. Parks
Frarrklin R. Shaw

NOrthWeSt anCl AlaSka FieherieS Center

Seattle, Washington, U.S,A,

Abstract

Since 1978, the Northwest and Alaska Fisheries Center has been conduct-
ing a long-range research program aimed at monitoring the annual changes

sablafisb  ~pno lo orna fimbria! ab ndanca and si*a ccmposition i ~
the northeastern Pacific Ocean. This research was begun in southeast
A'laskan 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 off
the coast of Washington, Oregon, and Cali fornia on commercial fishing
grounds. Sampling gear consisted of 50 rectangular collapsible sable-
fish traps, each equipped with a single tunnel, and set up to cl ose
trap entrances vi a 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 �0
trap lifts! 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
off Oregon between 1979 and 1981, while showing a decrease of 11% at
sites off Washington. Abundance index catch rates declined just over
5� between the 1980 and 1982 surveys at the site off San Diego,
California. Catch rates increased 10'X, 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 est coast damestic fishery on sahiefish 7~Ano io orna
fimbria! has grown sporadically since 1977. The large increase in
caCtc 7 i ~ 7979 resoited from the expansion of the crmicai trap fishery
in Oregon and the longline f1sheries in Oregon and Washington  Table
I!. Sharply reduced sablef1sh prices beginning in mid-1979, 1 ed to a
reduction in domestic effort and catch in I'980 and 1981. In 1982, a
3,000-pound trip 1 imi t was established in late October by the Pacif1c
Fishery Management Council, when 95II of the optimum yield figure af
17,400 metric tons  t! had been reached, due largely to increased
caastwide trawl 1 andings of sablefish.

The economic importance af the sablef1sh fishery and the need for
i nformat1on to complement status of stack analysis based on fishery
statistics stimulated the Morthwest and Alaska Fisheries Center to
initiate a program in 1978 to mon1tor the annual changes in sablef'ish
distribution, re1ative abundance, size composition, biological charac-
terTstics and migratory movements in the northeastern Pac1f1c Ocean.
These surveys have been conducted in accordance with guidelines estab-
lished in a coastw1de research plan developed in consultation with the
state fishery ma nagement 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
�982!. Results of the 1978-81 surveys af sablefish resource condi-
tionss in southeast Alaska have been reported to the fishing industry
and the Worth Pacific Fishery Management Council by Zenger and Hughes
�981! and Zenger   1981!. The purpose of this paper is ta summarize
and present 1979-82 data col'lected at 1ndex s1tes 1n the Washington to
California region as a means of monitoring trends in population size.

Surve Methods and Gear

The "abundance indexing " methodology and the equipment employed 1n
this study are described in detail by Parks and Hughes   1981!. Inform-
ation on changes in relative abundance fran year to year was determined
from the catch per unit of effort  CPUT! obtained from standardized
trap fishing at four sites off the Washington-Oregon coast  monitored
during the August-September period 1n 1979-81! and at two sites off
California  monitored during Movember 1980-82!.

Survey index sites were estab11shed on commerc1al fish1ng grounds
off Cape Arago and Cape Lookout, Oregon, and off Willapa Bay and Cape
Johnson, Washington  Figure I!. The California sites were on Patton
Escarpment west of San Diego and near Bodega Canyon Just northwest af
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.
Off California the fishing depths were at the 225, 300, 375, 450, and
550 fathom isobaths. The gear was set 5 tines at each depth resulting
in a total of 50 traps hauled at each depth i nterva'I and 250 t raps
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Table 1.--Oomestic landings of sabl cfish by state and gear type, 1'976-82.

Sabl cfish
State and ear

uaShTngtOn

9 6 9

676
491
666

669
435

1,554

Total 641 1,462 2,597 4,1891,146 2,6681,833

Oregon

958 1,494 1,024 1,318 Z,945
290 4,351 1,241 303a 1,456
268 1,819 379 682 593
28 1 1
70 77 63 36 45

443
44
0

20

1,741385 1,614 2,707 2,340 5.040Total 501

California

2,902 3,572 5,245Trawl 1,854
Trap and

longlineb 4,206 2,431 3,097 3,964
c

9,2096,6695, 333Total 6,060

c
7,584 1D,619 11,453 9,502 11,606 18,438Grand Total 7,208

41nclodes 26 t taken by set net.

bLongl inc catch in Cal i fornia was a very sisal 1 perceritage of combined trap and
longline CatCh ontTl 1980 when 1Ongline cattn roSe tO 284.

cpreliminary data.

haul ed at each site. Loran C and depth sounders were used to fix
setting positions so that all repl icates were made at nearly the same
locations. The surveys off Oregon and Washington were conducted from
the NOAA ship John N. Cobb beginning at Cape Arago, Oregon in ear'ly
August and finishing at Cape Johnson, Washington, during late September.
The 1988 California survey was conducted by the N8AA ship ~Cha man and
in 1981-82 indexing was conducted by the John N. Cobb. The Cal ifornia
surveys took place primarily during November.

?75

Trawl
Trap
Longline
Troll
Shr'Imp tiaWI
Set net
Handli ne

Trawl
Trap
Longline
Troll
Shrimp trawl

314
121
2D4

1 1

480
359
299

2 6

3Zb
40
6

13

2,474

3,579

6,053

2,345

4,827

7,172

2,272

4,772

7,044

441 5 71 1,7 06
387 1,305 1,617
511 676 677

1 1 2
7 11 27

45 29 141
4 4 19



126' 1 24~ 1 22' 48' N
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44'

Figure 1.--Sites fished of f Washington and Oregon during the 1979-81
sabl cfish index surveys by the NOAA ship John N. Cobb.
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Figur e 2.--Sites fished off Cali fornia during the 1980-82 sah'lefish
index surveys by the NCAA ships ~Cha mnn nnd John ~ . Cobb,

Oata col 1 ected included:

1. Number and weight of sablefish and other species captured
in each trap;

2, Fork lengths of all sablefi sh;
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3. Biological data to support 1 ife history studies which
incl uded l ength-weight rel ationships, age structures>7,
sex ratio, and sexual maturity;

4 . Tissue samples for stock identification studies; and

5. All sablefish not required for biological samples were
tagged and released in support of ongoing coastwide
migration studies.

Based upon information fram the sabl cfish processors of Oregon and
Washington, marketable-size sablefish were defined as fish measur-
ing 52 cm or gr eater in fork length. Fish measuring 52 cm averaged
3.0 lb round weight. Small marketable sablefish weighed 3.0-5.0 lb
round weight  head on, ungutted!, medium sablefish weighed 5.0-7.0 lb,
and large sablefish weighed mare than 7.0 lb round weight.

Subma rketable-size sablefish were defined as those fish retained by
the trap gear which measured 51 cm or less and hence weighed less than
3.0 lb round weight. In California, there is no minimum size accepted
by processors; those sablefish under 4.25 lb round weight were consid-
ered small, those 4 .25 to 7 .0 lb were medium, and those more than 7 .0
lb were 'large. Research catches were categorized accordingly.

Results

Oregon Coast

Sablefish catches at the Cape Arago 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 at Cape Arago is shown by size category i n Table
3. Cape Arago produced the highest percentage of submarketable sable-
fish of any site in 1980 and 1981 and reductions in medium and large
sablefish were noted. The length compositions in Figure 3 reflect the
reduced abundance of large fish and the mean length declined from 57
cm in 1979 ta 53 cm in 1981.

Sablefish catches at Cape Lookout have dropped sharply since 1979 in
all size categories, with decreases rangi ng from 60% to 76$  Table 2 !.
This site, however, produced the lowest percentage of subma rketables
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 cm 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 fram 55 cm in 1980 to 57 cm in 1981.

17 Age determinations ate being postponed until present techniques are
mor'e fully evaluated.
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Table 2.--Total numbers of sablefi sh and numbers of marketable-size and
submarketabl e-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 frmp the baseline year 1979 are indicated by site and
size category.

b
Submarketable-size

aMarketable-size
]fn~nua C an

Total sablefish
ange rms ge from Annua ange rom
1979 chan ge 1919 change ]979

Number Number 5

nnua
change

NumberSite/ ear

OREGON

Cape Arago

1979

1980 + 1 +179
-66]981

Cape Lookout

1979 555
-231980 -70 -23425
-48

-16 -602231 981

Cape Arago and
Cape Lookout

8481979
+46

1980 1,242 +46
-60

-414971 981

NASkilNGTON

Nil]spa Bay

4641979
-36-20

-20 -36Z991980
+ 6 +Zl

-16 -223611 981

Cape Johnson

1979

a1221980

+911981

Nillapa Bay and
Cape Johnson

656
+ 1 1

725

1,6061979 2, 262
+ 4

2,344 +tl+ 14 1,6191 980

-14
2,024 +1]727-11 1,297198]

45c ce Cr greater fork length.

b51 cm or less fork 'length, uhich uas bel ou mi ninon marketable size in Hashington and Oregon.

CA CnrreCtidn Of tile number preSented i ~ the repnrt by parka and HugheS  ]98] !,
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1.222 929
+43

1,753 k43 936
-67 -61

581 -52 313

2,8 74 2,319
-61 -70

1,125 -6] 100
-31 -2]

714 -73 551

4,096 3, 248
-30 -50

2,878 -30 1,636 -50
-53 -41

1, 361 -61 864 -73

1.310 846
-26

974 -26 675
+10

1,074 -18 713

952 760
+44 i24

1,370 ad 4 944 r24
-31 ~ 38

950 0 584 -23

293
rl7g

817
-66

Z74

192
+122

426
-14
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Marketable

Large dSubma rketabl e a 5mal 1
Year and area

Medium c Total

1979
Cape Arago
Cape Lookout
Willapa Bay
Cape Johnson

Average

13
13
7

13

100
100
100
100

10
11
7

12

53
57
51
55

24
19
35
20

100

1980
Cape Arago
Cape Lookout
Willapa Bay
Cape Johnson

Average

100
100
100
100

39
44
52
54

47
38
31
31

1981
Cape Arago
Cape Lookout
Willapa Bay
Cape Johnson

Average

100
100
100
100

3
13

7
3

44
46
52
52

6
12
7
6

47
29
34
39

00

aLess than 5Z cm fork length = less than 3.0 lo round we1ght.

b52-61 cm fork 1 ength = 3.0-5,0 1 b round weight.

c62-67 cm fork 1 ength = 5,0-7.0 1 b round weight.

d68 cm or greater fork 1 ength = more than 7.0 1 b round weight.

Combined data for the Oregon area show that catch rates declined stead-
ily frrxrr 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 subma rketable-size sablefish. The mean lengths of
males decreased from 54 rm in 1979 t.o 52 cm in 1981, and the mean
length of females decreased from 61 cm to 59 cm. The sex composition
of sablefish captured off Oregon ranged from 48% to 53%, males. The
length at which 50% reached maturity at. the 95'4 level of confidence
was 49.7 + 0.3 cm for ma'les, and 54.9 + 0.5 cm for females for all
years ccmEined.
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Table 3,--percentage abundance of subma rketable-size and marketable-size
sablefish at the four Oregon and Washington abundance index
sites during the 1979-81 annual surveys.
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Figure 3.--Length composition of sabl cfish captured at the Cape Arago
and Cape Lookout, Oregon, sites during the 1979-81 index
surveys. Vertical line  a! is the division between sub-
marketable-size and marketabl e-size sabl cfish and vertical
1 ine  b! is the mean length �!.
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Washington Coast

Off Washington, sablefish catch rates at the Willapa Bay site decreased
overall 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!. willapa Bay was the only site off Oregon and Washington
which showed increased catches in 1981. The length composition and
mean Length of sablefish captured at the WLLlapa 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 2!. A s harp increase in the
percentage of subma rketabl e-s ize 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 all sizes 47 cm and
greater between 1980 and 1981, and the mean length decreased from 58
cm in 1979 to 54 cm in 1981  Figure 4!.

The combined data for Washington sites indicate that sablefish abundance
decreased slightly between 1979 and 1981  Table 2 !. Marketable-size
sablefish decreased 19%, while the abundance of submarketable-size
sablefish increased 11%. The mean lengths of males changed only slightly
�3, 54, 52 cm!, whereas female mean length declined from 61 cm in
1979 to 57 cm in 1981. As in waters off Oregon, a large decrease i n
the number of females greater than 57-58 crn has occurred since the
1979 survey. Ma'les were predominant in the the sex composition of
sabl cfish captured during all years, making up 54-57% of the catches.
The length at which 50% reached maturity at the 95% Level of confidence
was 48.2 + 0.5 cm for males, and 54.6 + 0.6 cm for females for all
years comEined.

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 !. Sabl cfish catch
rates declined further in 1982 with a 40% decrease since 1981. Both
small and medium sizes showed 1 ower 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 all size categories  Table 4!.
Small sablefish domi nated the catch in all three survey years off San
Diego making up 90-93'% of the fish captured. Medium-sized sablefish
made up an average of 8% while large-si zed sabl cfish made up less than
1'% of the catch in all three years  Table 5 !. The length data  Figure
5! illustrate the generally unimodal characteristic of sablefish Length
distributions of catches off San Diego. Mean Length was 51-52 cm on
all three surveys.
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Figure 4.--Length Composition of sablefish captured at the Will apa Bay
and Cape Johnson, Washington, sites during the 1979-81 index
surveys. Vertical line  aj is the division between submarket-
able-SiZe and marketable-SiZe Sabl ef i Sh and vertiCal line
 b! is the mean length  L$.
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Table 4.--Total numbers of sabl cfish and numbers of small, medium, and
large sablefish captured at California index sites during the
1980-82 surveys. Annual percentage change in numbers of
sabl cfish and percentage change fr cyh the basel ine year 1980
are indicated by site and size category.

medium sablefish Small sahlefish
Cllange
fram

baseline
year

s

Change
fran

baseline
year

Change
fran

Annual baseline
change year

Na. 'S s

C ange
fran

Annual baseline
change year

ho. s

Annual
change

9

Annual
r.hange

Sitar ear ho.Ha.

Patton
6 ac 4 rpment

1,524 7
-I 8 -57

1,241 -18 3
-40 v67

753 -51 5

139 1,378
-31

-57 96 -31 1,148
-49

-29 49 -65 699

1980
-17

-17
-39

-49

1981

1982

Bodega
I:anyon

206 91172! 980 !,255

198! a/

!982bj 1,379 +17-69 210 nz 1,147+10 zz

4 The Sodega Canyan site was not fished in 19S1 her.ause if adverse weather conditions.

There was a strong dominance of fema'les in catches from the Patton
Escarpment site during all three survey years. The length composition,
mean lengths by sex, and the percent of male and femal e sablefish in a
subsample are shown in Figure 6. The length at which 50% reached
matur ity at the 95'L 1 evel of confidence was 54.8 s- 1,3 cih for mal es,
and 56.3 + 0.5 cm for females for all years combined.

Extended adverse weather precluded sampl ing in 1981 at the Bodega
Canyon site and the 1 oss of three strings of trap gear prevented com-
pl etion of al 1 sc.hedul ed sampl ing in 1982.

Gear was lost 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 thi rd repetitions
at 225 and 450 fathoms, and the second through fourth repetit,ions at
300 fathoms were substituted for the missing data. 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.
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Bodege Canyon si te in 1 982, all ta drag vesse Is. mean s of catch values for the 2nd and 3rd repetitions
at 225 and 450 fathom, and 2nd through 4th repetitions were substituted far the missing data in the 1982
survey.



b
Medium

4
Large

a
Sma1 1 Total

Site and Year

Patton Estarprrent

100
100
100

<1
<1
<1

90
92
93

1980
1 981
1982

Average 10092

Bodega Canyon

100

100

16

15

781980
1981 d
1982

80Average

a Less than 4,25 lb round weight = less than 59 cm fork length.

6 4.25-7.0 lb round weight = 59-68 cm fork length.

4 More than 7.0 lb round weight = 69 cm or greater fork length.

d Bodega Canyon was not fished in 1981 because of acverse weather conditions.

Sabl ef 1 sh catches af the Bodega Canyon site increased 10'4 between 1980
and 1982  Tabl e 4!. The increase was almost entirely a result of an
extraordinarily 1 arge catch on the first repetii;ion at the 300 fathoro
depth interval . If this value is considered aberrant or an outl ier,
one coul d substitute a catch value cal cul ated 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 4!,
indicating little change in total sablefish abundance between 1980
and 1982. While catch rates of both sraall - and medium-sized sabl cfish
inCreaSed, the CatCh rare 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-si zed sab! cfish was at 16$ and
15%, with large sablefish down from 6% Of the catch in 1980 to 24 in
1982  Table 5!. 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. f<ean size of all sablefish remained unchanged at 54 cm.

Although males were slightly more abundant at the Bodega Canyon site
i n 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 6. The length at which 50% reached maturity at the
95K level of confidence was 52.7 + 0.6 cm for males, and 55.3 + 0,9 cm
for females for the two years combined.
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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.
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Summar and Conclusions

Survey catch rates suggest that sablei'ish abundance at Oregon index
sites has been decreasing si nce 1979. Catches taken off Cape Arago in
1980 and 1981 contained a relatively Large proportion of submarketable-
si ze sabl cfish 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 sabl cfish abundance
at index sites declined on1y slightly since 1979. Size ccvaposition
remained stable off Willapa Bay, but there was a large reduction in
the percentage of medium and large marketable-size sablefish at the
site off Cape Johnson.

These reducti ons in numbers of medium and Large marketable-size sab'le-
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 occurred off southern
California, 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 lengths of both males and females generally declined throughout
the period of the surveys. The 1982 catch rates off northern California
indicate a slight increase in sabl cfish abundance, but again, the
proportion of large sablefish has declined ciarkedly. 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 sabl cfish 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 performance appraisal� . Following
this eva'luation, we anticipate developing an enhanced assessment
study usi ng the information and experience gained from the initial
effort.
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Recruitment processes of sablefish in
the eastern Bering Sea

Yuko Umeda
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Richard G. Bakkala
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Abstract

Adult sabl efi sh  Ano 1 o orna fimbria! general ly occupy continental
slaps wats s 2g eater t aa 2gfrYf the easter ~ Be ieg S . Sahlefish
have been infrequently encountered in the shelf region during annual
Northwest and Alaska Fisheries Center  NWAFC! demersal trawl surveys
COnduCted SinCe 1971. In 1978, juVenile Sablefish were firSt ObServed
in relatively high abundanre on the southeastern shel f of the Bering
Sea. Length frequenCy and age data identified theSe fiSh aS 1
year ol ds of the 1977 year-class. This year-class has been recog-
nized as being unusual ly strong in the Al eutian Isl ands, the Gulf of
Alaska, and along the Pacific West Coast, The recruitment of this
year-class initial ly to shel f waters in the eastern Bering Sea and
subsequently to continental sl ope waters occupied by the adul t popu-
lationn is described in this paper.

Introduction

The Resourre Assessment and Conservation Engineering  RACE! Division
of the Northwest and Alaska Fisheries Center  NWAFC! has conducted
annual demersal crab and groundfish trawl surveys in the eastern
Ber lng Sea since 1971. Sampling effort has been largely restr icted to
the continental shelf region at depths 1 esS than 200 m. Sabl cfish,
Ano 1 o orna fimbria, were infrequently encountered in these waters
until 978 when guvenil eS were ObServed in relatiVely 1 arge numberS
in the southeastern Bering Sea. These fish were identified as one
year olds from the strong 1977 year-class. The success of this year-
cl ass has al so been observed in the Gul f of Al aska, off British
Columbia, and as far south as California.
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This paper describes the emergence of the 1977 year-class as juvenil es
in the eastern Bering Sea shelf region and their subsequent recruit-
ment to the adult popul ation located al ong the continental sl ope. 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 off Mexico northward through
the Gulf of A'laska and the Bering Sea, and south along the Siberian
coast and Kamchatka Peninsula to the central north Pacific coast of
Japan. Within the fi shery j uri sdi cti ons of the United States and
Canada, survey data and catch statistics indicate that approximately
67% of the overall sabl cfish biomass is located in the Gulf of Alaska,
1 3% in the irancouver-California region, a n additional 1 3% in the
Bering Sea, and about 7% in the Aleutian IslandS area  Low et al.,
1 976!. Sabl cfish also occupy a very broad bathymetri c range during
various stages of development and growth. Eggs are apparently 'located
at depth, while larvae have been found i n surface water s. Juveniles
are primarily restricted to surface and nea rshor e waters at depths
less than 150 m, while adults are found i n 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
�965! and data frrmi NWAFC SurVeyS. Until 1978, SablefiSh we re rarely
taken in shelf waters  <200 m!.

Corrmerciai Catches in the Berin Sea

The commercial fishery for sab'Iefish in the Bering Sea has been exclu-
sively conducted by foreign nations. Japan initiated a fishery in the
eastern Bering Sea during 1958 which expanded rapidly through the
early 1960's  Table 1!. In the mid-1960's, the Japanese extended
their fishery to the A'leutian Islands area. Although the U.S.S.R. and
the RepubliC Of KOrea haVe alSO targeted On SablefiSh at timeS, annual
catches made by Japan have far exceeded those of other countries.
AdditiOnally, sablefish have been taken incidentally in fisheries
conducted by other nations  Table 1 !.

Throughout the history of the Bering Sea-Aleutian Islands fishery, the
largest 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 approximatelf 26,000 and 29,000 t, respec-
tively� . Foll owing those peak years, annual catches have fluctuated
at moderate levels until 1973. During the period of 1 973-81, 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 Surve s

The NWAFC has conducted deme rsal trawl surveys on the eastern Bering
Sea continental shelf annually since 1971 to assess the condition of
c rab and groundf ish resources. Although sampling intensity and areal
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Table 1.--Historical catches  from Narita, 1983! of sablefish in metric
tons by natiorI in the eastern Bering Sea and Aleutian Region,
1958-81, 1/

Eastern Bering Sea Aleutian Re ion
2/ 4 Areas

Ja an ROI USSR Others Total combinedYear Ja an USSR Others Total

1958 32
1959 393
196U 1,86I
1961 26,182
I 962 28, 521

32
393

1,861
26,182
28,521

32
393

1,861
26,1 82
28,5 21

5/
5/
5/
5/

5/
5/
5/

5/

1 963 18,404
1 964 8,262
1 965 8.240
I 966 11,981
1967 13,457

18,404
8,262
8, 24rJ

11,981
13, 731

5/
975
360

l, I U7
1,383

5/
975
360

1,107
1,383

18,404
9,237
8,600

13,088
15,114274

1968 14,597
I 969 I 7,009
1970 9,627
I 971 12,41 0
1972 13,231

1,66I
1,804
1,277
2,57I
3,307

4,256
1,'5 79
2,874
2,830
2,137

18,853
18,588
12,501
15.240
15,368

1,6 61
1,804
'1,277
2,741
3,576

20,514
20,392
13,778
17,981
18,944

170
269

1973 6,395
1974 5,081
1975 3,384
1976 3,267
1977 2,109

3,009
2,520
1,617
1,634
1,717

1,220
77
38
29

7,615
5,158
3,422
3,296
2,109

10,624
7,678
5,039
4,930
3,826

134
14
79
6'I

2,875
2,506
1,538
1,573
1,631

1978 1,007
1979 1,071
1 980 I ~ 649
1 981 2,091

23
164
26

821
781
267
377

1,139
1,389
2,I71
2,578

1,960
2,170
2,438
2,955

798
61 7
233
320

132
zeg
522
487

49

1/ Japanese catch data for 1958-7/ fram Sasaki �976! and Pers. Comm., T. Sasaki,
Far Seas Fishery Research tab,, Shimizu, Japan; U.S.S.R. data for 1967-77 pro-
vided through U.S.-U.S.S.R. Bilateral Agreements; 1976 data for R.O.K. and
1978-81 data for all nations frcm U.S. Foreign Fisheries Observer Program.

2/ For years prior to 1977, Japanese catch data are reported by fishing year
 flav .-Oec, !; later Japanese catches are r eported by calendar year,

3/ Inc'Iudes Republic of Korea, Taiwan, Poland, and West Germany.
4/ Inrludes Taiwan, Po'land, and West Germany.
5/ Included in the Bering Sea catches.

293

coverage have varied between years, a coriparative fishing area in the
southeastern Bering Sea has been consi stently sampl ed every year
 Figure 1!. The survey area was expanded in most years since 1975
to encompass the major portion of the continental shelf. In more
recent years �979, 1981, and 1982!, during cooperative studies with
the Far Seas Fisheries Research Laboratory of Japan, it has covered the
slope region to depths of 1,000 m  Figure 2!. All surveys were con-
ducted during the summer months aboard NOAA r esearch vessels and
chartered commercial fishing vessels. The abundance and biological



Figure 1,--Comparative fishing area samp'led annually dur ing Northwest
and Alaska Fisheries Center demersal trawl surveys in
1973-82.

Figure 2.--Area of the eastern Bet ing 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 shel f and from the sl ope 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 sablefi sh from other areas of the shel f dur ing 1 arge-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 effo rt  CPUE! va'iues were less than
0. 1 kilogram/hectare  kg/ha ! each year duri ng 1 971 -77  Figure 3 !.
Those sablefish taken were generally restricted to Outer Continental
Shelf waters  	20 m! during that period. Catch rates increased signi-
ficantly in 1978 �.3 kg/ha! when juveniles were encountered for the
fi rSt tiiiie in the mid-shelf area at depthS Of 40-1 20 m and in nearShOre
waters  <40 m! along the Alaska Peninsul a from Unimak Pass to Port
Moiler  Figure 4!. Size composition and age data identified these
juveniles as 1 year olds from the strong 1 9 77 year -class. Catch rates
cont~ rued to increase in 1979 accompanied by a generalized movement of
theSe young sablefish toward deeper shelf waters �20-200 m!. CPUE
peaked at approximately 1 .6 kg/ha trawled duri ng 1 980. Catches
decreased sharply in 1981 and were further reduced to about 0,2 kg/ha
in 1982 as fish moved out of the st udy area,

1

o U 1970 '72 '74 '76 '78 '80 '82
Year

Figure 3.--Relative abundance of sabl cfish in the coriiparative fishing
area as shown by Northwest arid Alaska Fisheries Center
research vessel data, 1971-82.
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"'" Figure 4.
Distribution and
relative abundance of
sablefish during
Northwest and Alaska
Fisheries Center
research vessel
surveys 1978-80.
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The estimated biomass of sabl cfish in the comparative area was 4,500 t
in 1978 from a popul ation of about 14.3 mil 1 ion individuals  Tabl e 2!.
These and subsequent biomass and population number estimates are
probably minimal values as the catchabi1 ity coefficient for sabl cfish
may be less 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. Popul ation number estimates increased to 19.4 million in
1979 and 21.4 million in 1980, indicating that additional 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
! 981 and 1982, respectively, By 1982 only 2.2 mil li on fish remained
in the shelf study area. Thus, the majority of the juvenile sabl cfish
left shel f waters between the 1980 and 1981 summer sur vey 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 Northwest and A'iaska
Fisheries Center research vessel surveys, 1971-8Z.

Biomass Population
millions

Year

The destination of these juveniles is believed to be the continental
sl ope waters uf the easter n Bering Sea. The continental slope regi on
 Z00-1,000 m! was sampl ed during cooperative trawl surveys between the
NWAFC and the Far Seas Fisheries Research Laboratory of the Fisheries
Agency of Japan in 1979, 1 981, and 1 982, Results from t hese studies
show a major increase in sablefish abundance on the slope between 1979
and 1 981 . The apparent biomass in the slope area i ncreased from
12,200 t in 1979 to approximately 40,000 t in '1981 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.

1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
I 981
1982

260
70

760
140
230

3
50

4,500
18,500
2 5,300

6,000
3,700

0.3
<0.1
0.6
0.1
1.2

<0.1
0.1

14.3
19.4
21.4

3.7
2.2



Table 3.--Apparent biomass and popul atio~ estimates of sabl cfish on
the continental sl ope during 1 ar ge-scale Northwest and
Al aska Fisheries Center surveys conducted in l 979, 1981,
and 198Z.

Year Biomass
t

Population
millions

12,200
39,400
40,'IOO

1979
1981
1982

5.6
I8.0
21.5

Biol o ical Characteristics of the 1977 Year-CIass

Sablef ish sampl ed in the comparative area during 19711 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 fr rxn the survey data
 Figure 5!. The larger fish, about 40-49 cd, were primarily located
near the outer shel f in the 120-200 m depth zone, whereas smaller fish,
about 2Z-29 cm, were found in shall ower waters  <120 m!. These two
size groups 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 population, while the
1977 year-class accounted for only about 35K. 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 probab'Iy due to the unreliability of scales for aging sablefish,
especially younger fish.

The length distribution was unirnodal in 1 979 with the fish havi ng a
mean size of 45 cm and a length range of 34-58 cm. Age data  from
otoliths! show that age-2 fish �977 year-class! comprised approxi-
mately 90'L of the overall shelf population with age-3 fish contri but-
i ng to the remaining 1 O'X.

The overall mean size of the samp'Ied population of 3uveniIes 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 popula-
tion numbers between the 1980 and 1981 surveys, however, illustrates
that most of the sablefish of the 1977 year-class left the shelf area
following the summer of 1980.

295

Length and age data are not avail abl e for sabl cfish taken during Survey
years 1971-77 because of inadequate sampl e sizes. As sablefish abun-
dance increased during later surveys, size and age structure samples
were collected. Scales were collected for aging sabl cfish in 1978 but
were di fficul t to interpret. Otal iths were collected from later
surveys and were bel ieved to produce more consi stent and accurate age
re adi ngs.
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Length and age data fram continental sl ope 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 di stri-
bution of sabl cfish on the sl ope in 1979  Figure 6!; this was the
size range of most of the juvenil e sabl cfish on the shelf in 1979
 Figure 5!. However, mast of the 1977 year-class recruited to the
slope area after 1979 as shown by the r!ajar increase in population
numbers in 198l. This recruitment is assumed to have occurred
between the summers of 1980 and 1981 when most of the 1977 year-class
migrated aff the shelf. Thus, as indicated earlier, rec ruitment 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. PopulatTon numbers
an the slope in 1982 were similar in magnitude to those in 1981, and
although age data are not yet available, the 'l982 population was prob-
ably predominated by age-5 fish of the 1 977 year-class.
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Figure 6.-- Size and age composition of sablefish along the continental
slope as shown by cooperative U.S.-Japan research vessel
surveys, 1979, 1981, and 1982.



Discussion

The occurrence of only a single year-class of juvenile sabl cfish in
the eastern Bering Sea over a 12-year period raises questi ons about the
life history of the popu'Iation in this regi on. The sizeable adult stock
in continental slope waters would logically suggest that reproduction
and other life 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 life history stages has led to a
hypothesis that the eastern Bering Sea population originates fram
spawni ng in other areas such as the Aleutian Basin, the Aleutian
Islands area, or the Gulf of Alaska  Kodolov, 1968; Wespestad et al.
1978; Sasaki, 1982!. These authors suggested that the occur rence af
larvae in the eastern Bering Sea resulted from passive drift with
currents from these spawning areas.

The failure to observe eggs and spawning adults, however, may also
simply result fram the lack of sampling in time periods, areas, and
depths occupi ed by these life history stages. As previously
menti oned, sabl cfish spawn in deep water s; their eggs may nat be
available at the water depths usually sampled during ichthyoplankton
surveys.

Other sources of data indicate that sabl cfish larvae may be more
prevalent in the eastern Bering Sea than was shown by data summarized
by Wal dron �981!. More than 6OO sablefish larvae were identified
from an I chthyopl ankton survey conducted during June-August, 1979;
these larvae were widely distributed over the outer continentaI
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
A'I aska Peninsula in 1968  Hartt et al ., 197O !. The appearance of
the 1977 year-class in survey catches was probably the result of
its re'lative high abundance campared to other year-classes present
in the eastern Bering Seas during the years surveyed. Evidence of the
presence of larvae and juveniles on a more frequent basis than pre-
viouslyy thought would suggest that aduIts spawn in the eastern Bering
Sea proper or in nearby waters such as the Aleutian Basin, as hypothe-
sized by Kodol av �968!.

it is apparent that sufficient evidence is not yet avail ab'Ie to
adequately describe the life history characteristics of eastern
Bering Sea sablefish. The information that is accumul ating on the
Ber ing sea sabi cfish from recently expanded survey activities may
begin to provide a better understanding of this resource. The Far
Seas Fisheries Research Laboratory of Japan has extended its annual
sablefish 1 ongl inc assessment surveys and tagging studies to the
eastern Bering Sea, and cooperative surveys between this laboratory
and the NWAFC are also providing information on the adult popul ation.
As opportunities arise during special purpose surveys in the eastern
Bering Sea, I t is recommended that efforts be made to sampl e the
sabl cfish population seasonally, col'lect maturity stage and other
biol ogica1 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 cylinder is cullently being used to
standardize fi shing time in sabl cfish tr aps. 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  TRD! 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. Dissolution
time was directly related to temperature, and the D.200-inch diameter
best fulfilled the requi rements for a 24-hour period at the target
temperature of 4 degrees Celsius.

A double elastic loaded noose was devel oped to shut the tunnel opening.
The apparatus was armed by connecting the tunnel to the stretched elas-
ticc wi th TRDs. Hhen 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 off 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 quantitativeiy reliable.

Introduction

Relatively small advances in technology sometimes 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 tFigure I! has saved pot and trap fishermen the loss
of untold amounts of gear and catch by holding marker buoys and buoy
Lines submerged, safe from passing propellers and out of poachers'
sight. These simple devices, marketed as ntimed float releases", di s-
sol ve in seawater at a rate controlled primarily by temperature and
alloy metal content. Nhen the dissolution time has passed, the fl oat
is released to the surface all owing the gear to be retrieved. In 1978,
scientists of the National Marine Fisheries Service  HMFS! adapted the
timed ref e s devices ifkci to make saki cfish  ~koo io orna fimo iai
traps more rel i able as fishery research tools.

Schematic aatdafuh trap tunnel open and armed
with timed relapse devices itop enw!

Stoat I orna

saaprwsiom ei y cys mder 0 200

Schematic aehlefnh trap lumnel n closed paution
otter timul rotoosenericos hera d dnteareted itop viewi

Figure I.--Diagrams of sablef Lsh trap tunnels, open and equipped with
timed release devices  TRD's! and closed with the nooses
pul led tight.
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Until 1978 management Of SOutheast Alaska saul cfish stockS had been
dependent on foreign catch per unit effort  CPUE! data. When foreign
1 ongl iners were excluded from fishing the waters off southeast Al aska
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 sabl cfish was impl emented to replace the foreign
CPUE data baSe. The NMFS Sur VeyS rely on Standard trap fiShing rnethOdS
to make year-to-year compari sons of sabl efi sh 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 controlled fishing time.
Variable 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 tri ggeri ng 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
sea water bath to find a specific size that would dissolve in 24 hours
in water temperatur es antic~ pated at the survey si tes. A wood frame
holding 10 TRD's at tensions of 7 Lb., similar to 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 O/oo. Each test invO1 ved 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 one end.
A double elastic-1 Oaded nOose waS developed to shut the tunnel opening
 Figure 1!. Thick monofil ament fishing line was woven through the
meshes near the tunnel opening. Strong rubber bands were hung from two
opposing vertical supports near the opposite 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 givi ng an expected fishing time of 23-25 hours.
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Figure 2.--Rel ationships between di ssolution time in hours and three
seawater temperatures for two sizes of magnesium all oy
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
di ssolution rates of other sizes and all oy compositions. Apparent
differences in all oys caused variability i ~ deterioration times.
Cyl inders of equal diameters taken frem two test Sets gave deteriora-
tion times that differed by approximately 3 hours in one case. The
suppl i er reported that he had used di fferent al 1 oy rods to manufacture
each set.

During the 1978 sabl cfish abundance i ndexi ng survey, 800 t rap 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 55-day research cruise, which would have
been virtually useless, were rendered quantitatively reliab'Ie and
di reCtly ccvnparable 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 sou thwar d 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 t hat ensures agai nst sabl cfish
entering Or eSCaping thraugh the tunnel. COntinual uSe Of TRD'S during
the S year sablefish abundance index program has undoubtedly contrib-
uted to the quality and quantity of resource assessment data collected.

Potential users of TRD's should plan to test each batch purchased to
matrh 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 alloy content. This prob! em may be
mi nimi zed by aSSuring that. the Same raw metal 1 at iS uSed tO manu fac-
ture the entire TRD order and the test set.
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