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ABSTRACT 

Available sources of information on sablefish biology and the Gulf of Alaska 
sablefish fishery are reviewed and harvest recommendations are  presented. A 
U.S. longline fishery for sablefish has existed in the Gulf of Alaska since 
the early 1900's. Gulf-wide catches escalated rapidly during the 1960's when 
the Japanese dis tant  water f l e e t  developed. Total Gulf of Alaska harvests 
peaked in 1972 a t  36,199 metric tons and began to decline, with recent annual 
harvests a t  about 9,000 metric tons. The U.S. longline fishery t radi t ional ly 
fished only in the eastern Gulf of A1 aska, b u t  i s  currently expanding westward. 
Foreign sabl efish harvests are  currently restr ic ted to  the central and western 
Gul f of Alaska. Recent developments in sablefish aging techniques using "break 
and burn" methods describe very slow growth in adult sablefish. The slow 
growth rates imply that  large sablefish are much older than previously calcu- 
lated, with maximum ages frequently exceeding 40 years. A much lower natural 
mortality ra te  of 0.11 i s  estimated from the new growth infomation, substan- 
t i a l l y  less than previous estimates of 0.2. Sablefish recruitment appears to  
be characterized by long periods of relat ively low recruitment between very 
strong year classes. Because these periods of low recruitment may exceed 10 
years, maintaining large number of older f ish in the population may be c r i t i ca l  
to  reproductive success. Electrophoretic studies of sablefish genetics indicate 
that  there i s  some degree of spatial  segregation of Gulf of Alaska sablefish 
stocks. However some tagging studies indicate substantial movements of S i  s h ,  
with small f i sh  ( <  66 cm) tending t o  move n o r t h  and westward and larger f ish 
moving south and eastward. Trends in sablefish abundance are  derived from 
Japanese longline fishery s t a t i s t i c s ,  a Gulf-wide U.S.-Japanese longline survey, 
pot indexing in Southeastern Alaska, and port sampling of the U.S. longline 
f l e e t  in Southeastern A1 aska. Sablefish stock biomass appears to be increasing 
in abundance throughout the Gulf, largely a resu l t  of the recruitment of the 
strong 1977 year c lass .  Subsequent year classes have not been strong. A new 
stock production model which allows for  increases in fishing power indicates 
that MSY i s  probably lower than calculated in previous models. Estimates of 
stock s ize a re  derived from stock production model parameters and from area- 
swept in a Bering Sea trawl survey, combined with comparative longl ine-trawl 
sampling in the Aleutian area. Yield-per-recrui t analyses indicate that  s ize  
limi t s  wi 11 not increase the yield or landed value from the sablefish fishery. 
Population parameter estimates are used in an age and sex-structured simulation 
model to  determine "equilibrium yields" (EY) which wi 11 maintain constant biomass 
from 1984-1991. However because of uncertainty in the parameter estimates, i t  
i s  recommended that  equilibrium yield (EY)  calculated by other means be applied 
to the Gulf of Alaska. Optimum yield ( G Y )  are  recommended to remain a t  75% of 
the E Y ,  or 9,473 metric tons for  the en t i r e  Gulf sf Alaska. A new method of 
spatial  allocation of the Gulf-wide OY i s  presented, based on the spatial  dis- 
t r i  bution of biomass estimated in the U .  S. -Japanese longl  i ne survey. 

KEY WORDS: sablefish,  stock s ta tus ,  age, gmwth, migration, Gulf o f  Alaska, 
long1 ine fishery, equilibrium yield,  mortality, maxhmuni sushairled 
yi el d, yi el d-per-recrui t. 



INTRODUCTION 

The d i s t r i b u t i o n  o f  sab le f ish ,  Anoplopoma fimbria, i n  the nor theastern P a c i f i c  
Ocean ranges from nor thern  Mexico t o  the  Ber ing Sea w i t h  the  l a r g e s t  concentra- 
t i o n s  occu r r i ng  i n  the Gu l f  o f  Alaska. While U.S. f ishermen have been harvest- 
i n g  s a b l e f i s h  s ince  the e a r l y  19001s, t he  stocks were n o t  heav i l y  e x p l o i t e d  
u n t i l  t h e  Japanese d i s t a n t  water l o n g l i n e  f i s h e r y  developed i n  the  e a r l y  19601s, 
Catches escalated through the  1960's u n t i l  t he  maximum Gul f  o f  Alaska harves t  of 
36,199 m t  was reached i n  1972. Catches have dec l ined s ince t h a t  t ime because of 
reduct ions i n  popu la t i on  s i z e  and i nc reas ing l y  r e s t r i c t i v e  regu la t ions .  

Previous concepts o f  sab le f i sh  growth, s tock s t r u c t u r e ,  mor ta l  i ty ra tes ,  and 
e q u i l i b r i u m  harvest  l e v e l s  a re  a1 1  being rev i sed  because o f  recent  research f i n d -  
ings. The purpose o f  t h i s  document i s  t o  rev iew the  l i t e r a t u r e  on s a b l e f i s h  
b io logy  and t o  evaluate the c u r r e n t  data p e r t a i n i n g  t o  the  s ta tus  o f  t h e  sable- 
f i s h  resource i n  t h e  Gu l f  o f  Alaska. 

THE GULF OF ALASKA SABLEFISH FISHERY 

Sab le f ish  i n  t he  Gu l f  o f  Alaska a r e  harvested p r i m a r i l y  by l o n g l i n e  vessels o f  
t he  U.S. and Japan. Small q u a n t i t i e s  o f  sab le f ish  a r e  a lso  harvested by p o t  gear 
and i n c i d e n t a l l y  by  t raw l  and o t h e r  f i s h e r i e s .  The U.S. l o n g l i n e  f i s h e r y  i s  con- 
cent ra ted  i n  the  eastern Gu l f  o f  Alaska, b u t  has been expanding westward i n  recent  
years. P r i o r  t o  1979, t he  Japanese long1 i n e  f i s h e r y  ta rge ted speci f  i c a l l y  on 
sabl e f i  sh. Since t h a t  time, Japanese 1 ongl i n e r s  have been a1 1  owed i n t o  waters 
shal lower than 500 m where they harvest  both s a b l e f i s h  and P a c i f i c  cod (Gadus 
macrocephal us) . 
Catch and F i sh ing  E f f o r t  

Sablef ish catch by n a t i o n  from 1958 through 1982 i s  presented i n  Table 1. U.S. 
landings have increased i n  recent  years and catch by o ther  na t i ons  has decl ined 
i n  t he  Gu l f  o f  Alaska. 

U.S. F ishery:  

The U.S. s a b l e f i s h  f i she ry  i s  one o f  t he  o l d e s t  f i s h e r i e s  i n  Alaska. Landing 
documents e x i s t  as e a r l y  as 1906 when the  f i s h e r y  was repor ted t o  be w e l l  estab- 
l i shed.  Landings have f luc tua ted w ide l y  s ince t h a t  time, sub jec t  t o  cu r ren t  
market cond i t ions ,  w i t h  peak harvests du r ing  the  e a r l y  1940" (F igure  1  ) .  

Most s a b l e f i s h  catch was i n c i d e n t a l  t o  the  h a l i b u t  l o n g l i n e  f i s h e r y  u n t i l  1913 
when a  d i r e c t e d  f i s h e r y  began, w i t h  harvests exceeding 200 m e t r i c  tons by 1916. 
I n  1916 the market name was changed from b lack  cod t o  s a b l e f i s h  i n  an attempt t o  
improve market demand. 

The catch exceeded 600 m e t r i c  tons du r ing  1917 and 1918 and then dropped below 
400 m e t r i c  tons u n t i  1  1923. Catches dec l ined from 1924 t o  1935 and then increased 
t o  the  h ighest  recorded l e v e l s  du r ing  the  1940's. Peak catches o f  over 4,200 m t  
were repor ted  i n  1942 and again i n  1946. The l a r g e  catches du r ing  the  war years 



Table 1. Historical  catches of sablefish i n  metric tons by area and nation 
in the Gulf of A1 aska, 1 958-198Z1. 

GULF OF ALASKA (SHUMAGIN-SOUTHEASTERN) 
Year U.S. Canada Japan2 USSR R O K ~  Total 

Updated with U .S. catches revi sed from Bal s ige r  and A1 ton 1981. 

2 Japanese catch i s  reported by f ishing year through 1976; a l l  o ther  a r e  
reported by calendar year. 

Includes catches from other  areas  i n  the  northeastern Paci f ic .  

Includes 55 m t  by Mexico in  1979 and 4 m t  by Poland i n  1981. 

SOURCE: U.S. data through 1973 from f i shery  s t a t i s t i c s  of t he  U.S., 
S t a t i s t i c a l  Digests 49-68; 1974-76 from PMFC data s e r i e s ,  
Groundfish sect ion;  1977-80 from ADF&G extended ju r i sd ic t ion  
section.  Canadian data 1971-76 from PMFC data s e r i e s ,  grsund- 
f i sh  sect ion;  1958-70 data not available.  Japanese, USSR, ROK 
data from INPFC document 1883 and personal comnunication T.  
Sasaka, Far Seas Fishery Lab., Shimizu, Japan. 



Figure 1.  Five-year average domestic sablef ish  harvest i n  Alaskan waters, 
1906-1 982 (round weight).  



were i n  response t o  a h igh  demand f o r  p r o t e i n  and f o r  f i s h  l i v e r  t o  manufacture 
v i t am in  A f o r  overseas troops (Edson 1954). The harvest  f l u c t u a t e d  w ide l y  a f t e r  
1947 according t o  market demand which was c l o s e l y  r e l a t e d  t o  cu r ren t  c o l d  s t o r -  
age hold ings.  The pa t te rn  genera l l y  consis ted o f  1 o r  2 years o f  h igh  harves t  
which saturated the  market, fo l lowed by a sharp dec l i ne  u n t i l  the  f i s h  on hand 
were sold. The long term t rend  however was one o f  dec l i ne  from the  l a t e  1940's 
t o  the  l a t e  1960's w i t h  the 1966-1970 average annual harvest  a t  t he  lowest  l e v e l  
s ince the  depression era slump o f  1931 -1 935. 

Landings began t o  increase again i n  1972 w i t h  a renewed i n t e r e s t  i n  smoked sable- 
f i sh .  It was n o t  u n t i l  1978, however, t h a t  t he  catch increased s u b s t a n t i a l l y .  
That increase was i n  response t o  a resurgence o f  e f f o r t  i n  the  o f fshore  areas of 
Southeastern Alaska a f t e r  t he  Japanese f l e e t  withdrew t o  the  area west of 140 W 
l ong i tude  i n  June 1978. Largely  a r e s u l t  o f  expansion i n t o  the  o f f s h o r e  areas, 
the  catch increased t o  3,400 m t  i n  1979. The market p r i c e  dropped sharp ly  i n  
1980 and consequently landings dec l ined i n  1980 and 1981. I n  1982 the  U.S. land- 
ings  once again exceeded 3,000 m t .  The 1983 U.S. f i s h e r y  harves t  w i l l  exceed 
3,500 m t .  

U n t i l  t he  19401s, most o f  the  U.S. harves t  came from the  i n s i d e  waters o f  South- 
eastern Alaska. By 1944, 32% of the catch was repor ted  from o f f sho re  areas and 
from 1945 t o  1953, 53% o f  the  harvest  was repor ted  from o f f sho re  areas as f a r  
west as the  Seward Gul ly .  As the e f f o r t  decl ined, a l a r g e r  percentage o f  the  
catch again came from i n s i d e  areas. Most o f  t he  ca tch  was harvested from i n s i d e  
areas from 1960 u n t i l  1978 when the  Japanese f l e e t  withdrew. I n  1982, 48% of t he  
t o t a l  U.S. harvest  was repor ted from the  o f f sho re  Southeastern areas, 26% from 
the  Yakutat area, and on l y  26% from t h e  i n s i d e  areas o f  Southeastern Alaska. 

The U.S. l o n g l i n e  f i s h e r y  has r e c e n t l y  expanded westward i n t o  t h e  cen t ra l  Gulf of 
Alaska. During the  1983 season, 296 m e t r i c  tons o f  s a b l e f i s h  were landed from 
the  Centra l  Gulf b y  U.S. vessels i n  Kodiak, Homer, and Seward. However, gear 
c o n f l i c t s  and r e s u l t i n g  gear l oss  because o f  the  presence o f  the  Japanese and 
Korean l o n g l i n e  f l e e t s  a re  hampering f u r t h e r  westward expansion o f  t he  U.S. f i s h -  
e ry  (Blackburn 1983). 

Foreign F isher ies :  

Foreign vessels have been harves t ing  sabl e f  i s h  i n  A1 aska s ince  the 1 a t e  1920's. 
The f o r e i g n  harvest  was e n t i r e l y  by Canadian vessels u n t i l  t he  mid 1960's when 
a major Japanese l o n g l i n e  f i she ry  began t o  develop. Recent f o r e i g n  harves t  
a1 l oca t i ons  have been reduced as the  U.S. f i s h e r y  has expanded. 

Canada. i o n g l i n e  vessels from Canada repor ted  landings o f f  Southeastern Alaska 
as e a r l y  as the l a t e  1920's. For the  pe r iod  between 1951 and 1953 the  Canadian 
catch from Southeastern Alaskan waters averaged approximately 45% o f  t h e  t o t a l  
annual Canadian landings (Ketchen and Fo r res te r  1954) o r  about 600 m t  per  yeas. 

Although Canadian e f f o r t  was repor ted  as f a r  west as Middleton I s l a n d  (147"W), 
most o f  the  f i s h e r y  occurred i n  t he  Southeastern area. I n  1951 and 1952, I n t e r -  
na t i ona l  P a c i f i c  H a l i b u t  Commission (IPHC) S t a t i s t i c a l  Area 16 o f f  Cape Ommaney 
y i e l d e d  the  l a r g e s t  catch of  any area f i s h e d  by Canada. The CPUE o f f  Southeastern 
Alaska was a l s o  the h ighes t  i n  t he  Canadian f i s h e r y  (Ketchen and For res ter  1954). 
The Canadian f i s h e r y  i n  Alaska had dec l ined by 1969 w i t h  the harvest  averaging 



less  than 25 m t  between 1969 and 1978. By international agreement, no Canadian 
harvests were a1 lowed in Alaskan waters a f t e r  1978. I t  i s  assumed tha t  in the 
l a t e r  years of the Canadian fishery in Alaska, most of the sablefish landings 
were incidental to the halibut fishery rather than directed ef for t .  The Cana- 
di an catch from A1 askan waters from 1958 through 1978 i s  shown in Tab1 e l .  

Japan. The Japanese longline fishery began in the Gulf of Alaska in 1963 and 
peaked in 1972 a t  34,259 m t .  Because of declining sablefish abundance and the 
resulting r e s t r i c t ive  regulations the harvest has declined in recent years, 
with only 4,921 m t  harvested in 1982. Japanese fishermen withdrew from the area 
east  of 140°W, longitude in 1978 and also withdrew from the western Yakutat area 
(140°W. long. to  147"W. long. ) for  a portion of the 1982 and 1983 seasons to 
accomodate the expanding U.S. fishery. All current Japanese e f for t  i s  confined 
to  the area west of 140°W. longitude. 

Other Nations. The Republic of Korea (ROK), USSR, Mexico, and Poland have also 
fished for  sablefish in the Gulf of Alaska. The ROK harvests are  reported for the 
en t i r e  northeastern Pacific and averaged 1,380 rnt between 1972 and 1982, with a 
peak harvest of 3,700 m t  in 1976. The other nations harvested only relat ively 
small amounts. 

Fishery Management Regulations 

The f i r s t  regulations were imposed in the Alaska fishery in 1945 when the en t i re  
Southeastern Alaska area was closed for  2.5 months to curb the observed decline 
in catch per unit of e f for t  (CPUE) in the fishery. Since tha t  time the U.S. 
fishery i n  Southeastern Alaska has been continuously regulated by seasons and/or 
quotas which have become generally more res t r ic t ive  in recent years. A review of 
regulations in the U.S. fishery i s  included in Bracken (1983b). 

Waters of the Fishery Conservation Zone (FCZ) are  managed by the National Marine 
Fisheries Service (NMFS) under a Fishery Management Plan developed by the North 
Pacific Fishery Management Council and approved by the Secretary of Commerce. 
Management of sablefish consists of set t ing optimum yield (OY) harvest levels by 
International North Pacific Fisheries Commission (INPFC) areas and monitoring 
both foreign and U.S. catches so as not to  exceed the established levels.  Since 
1981, optimum yield levels west of l4O0W. longitude have been s e t  a t  75% of an 
equi 1 ibr i  um yield (EY) derived from a general production model generated from 
Japanese catch data for  1967 to 1977. Japanese catch data has been used since 
1977 to determine i f  adjustments t o  the originally established EY values were 
needed. Since the foreign long1 ine f isheries  were discontinued eas t  of 140°W. 
longitude in 1978, tha t  data source i s  no longer available for  the eastern Yakutat 
and Southeastern Alaska areas. 

The current OY fo r  the area between 140°W. longitude and 137OW. longitude was der- 
ived using 75% of EY calculated using Japanese catch data through 1978 adjusted by 
observed trends in the U.S. fishery and NMFS pot indexing studies conducted i n  the 
adjacent Southeastern area. The Southeastern area OY i s  s e t  using data from the 
U.S. fishery and resul ts  from the NMFS pot indexing survey. Both the eastern 
Yakutat and Southeastern OY levels are  currently s e t  as ranges. Sablefish OY 
levels recommended by the NPFMC fo r  the INPFC areas of the Gulf of Alaska fo r  
1983 and 1984 are presented in Table 2. The OY for  the Gulf of Alaska for  1984 
remains a t  8,980 m t  in order to  promote rebuilding of sablefish stocks. 



Table 2. Equ i l i b r i um y i e l d  (EY) and optimum y i e l d  (OY) values recommended f o r  
the  Gul f  o f  Alaska sab le f ish  f i s h e r y  i n  1983 and 1984 (round weight  
i n  me t r i c  tons) .  

AREA Eguilibriua Yield --------------- - --------------- 15183 OY --------- 1984 OY ------.., 

Western Gulf 2,225 1,869 1,670 

Central Gulf 4,075 3,056 3,040 

Western Yakutar 2,240 1,680 1,480 

Eastern Yakutat 1,135-1,510 851-1 ,133 1,135 

1 
Southeastern - 1L290-21580 ----- --- --- 948 -...J--- - 1 935 ,A,,- 1 435 

Tota 1 10,965-12,630 8,224-9,473 8,980 

Does n o t  inc lude t h e  500 m e t r i c  tons a l l o c a t e d  t o  i n s i d e  f i s h e r i e s  i n  South- 
eastern A1 aska. 



BIOLOGY OF SABLEFISH 

Growth 

Recent developments in aging techniques have substantially altered ea r l i e r  con- 
cepts of growth of sablefish. The ea r l i e s t  sablefish growth studies (e .g . ,  Bell 
and Gharret 1945; Pruter 1954) determined ages from scale patterns and obtained 
few ages greater than 10, even for f ish up  to 80 cm i n  length, Kennedy and 
Pl etcher (1 968) determined sabl e f i  sh ages from both scales and otol i ths and 
obtained similar results.  Surprisingly, in that  study scales were found to 
give older ages than otol i ths ,  even though some of the otol i ths  had been cut ,  
polished, and burned to accentuate the annual patterns. Sasaki e t  a1 . (1975) 
observed that the growth of young Bering Sea sablefish was markedly different  
than tha t  of older f i sh .  They found tha t  two von Bertalanffy curves, one for 
fish younger than age 3.3 and one for  f ish older than age 3.3, described the data 
much bet ter  than a single curve. 

Recently Beamish and Chil ton ( 1  982) reported a considerably different  impression 
of the r a t e  of sablefish growth using the "break-and-burn" o to l i th  reading tech- 
nique. They describe a species w i t h  very rapid i n i t i a l  growth, b u t  very slow 
growth upon reaching maturity, with many members of the population surviving to  
very old ages. F u n k  and Bracken (1983) examined surface-aged otol i ths  from sable- 
f i sh  collected i n  Southeastern Alaskan waters and described even slower growth 
rates than those of Beamish and Chilton (1982) (Figure 2 ) .  However, a f t e r  adjust- 
i n g  for  suspected errors i n  the surface otol i ths  aging techniques based on follow- 
i n g  length frequency modes over several years, growth rates were very sim! 1 a r  to  
those reported by Beamish and Chil ton (Figure 3).  

Thus the newer aging studies i n  both northern British Columbia and Southeastern 
Alaska depict sablefish growth in those areas as characterized by an i n i t i a l  per- 
iod of f a s t  growth, followed by slower asymptotic growth. The change in the ra te  
of growth appears to  be rather abrupt and coincides w i t h  the approximate age of 
sexual maturity. This relat ively rapid transit ion from f a s t  to slow growth i s  
probably indicative of fundamental changes i n  physioloqy and behavior associated 
w i t h  the onset of sexual maturity. These newer, slower growth rates  have a consid- 
erable impact on the estimates of the yield tha t  can be obtained from sablefish 
stocks on a sustained basis. They also point to  a radically different  l i f e  his- 
tory strategy from that described i n  ea r l i e r  studies. However, more growth studies 
from westward areas of the Gulf of Alaska are  needed in order to verify that  the 
growth rates  observed i n  the eastern Gulf are applicable to the central and western 
Gulf as well. 

Stock and Recruitment 

The sporadic h i g h  abundance of juvenile sablefish observed in shall ow water areas 
and the periodic var iab i l i ty  of f ish s ize  in the commercial catch over time sug- 
gest tha t  sablefish recruitment i s  characterized by long periods of relat ively low 
recruitment between very strong year classes. Recent observations suggest that 
these periods of low recruitment may exceed ten years. While the relationship 
between spawners and recrui ts  i s  largely unexplored for  sabl ef i sh, spawning success 
appears to  be highly dependent upon favorable envi ronmental conditions coincident 
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Figure 2. Comparison of length-at-age observa t ions  and f i t t e d  a l l o m e t r i c  
models f o r  northern B r i t i s h  Columbia and Southeastern A1 aska male 
and female s a b l e f i s h .  
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with the  ava i l ab i l i t y  of a spawning population s i z e  above some, a s  ye t  undeter- 
mined, c r i t i c a l  level .  To sus ta in  large  y ie lds ,  i t  i s  essent ia l  f o r  egg production 
t o  remain above t h i s  c r i t i c a l  level over long periods of time i n  order t o  take 
advantage of the r e l a t i ve ly  ra re  occurrences of favorable environmental conditions 
fo r  larval  survival .  However, in  the  absence of information on the re la t ionship  
between spawners and r ec ru i t s ,  the  c r i t i c a l  1 eve1 of egg production cannot be e s t i  - 
mated. A conservative management s t ra tegy  would be t o  maintain r e l a t i ve ly  high 
levels  of annual egg production over the time spawn between strong year c lasses .  
In order t o  determine annual egg production, the age-fecundity re la t ionship  and 
spawning frequency of individual females must be determined and the age s t r uc tu r e  
of the  female population must be known. 

Fecundity: 

L i t t l e  p r io r  information on sab le f i sh  fecundity i s  avai lable  in  the  1 i t e ra tu re .  
Phi 11 ips  and Imamura (1 954) repor t  a fecundity range of 100,000 t o  1,000,000 eggs 
f o r  a 53 cm and 102 cm f i s h ,  respectively.  No mention was made of the method used 
o r  v a r i a b i l i t y  of t h e i r  f indings.  Kodolov (1976) examined three  f i s h  from the 
Bering Sea and one each from the Gulf of Alaska and west coast of the  U.S. and 
determined the f o l l  owing fecundi t i e s :  

438,000 eggs a t  73 cm (Bering Sea) 
468,000 eggs a t  74 cm (Bering Sea) 
503,000 eggs a t  83 cm (Bering Sea) 
330,000 eggs a t  70 cm (Gulf of Alaska) 
400,000 eggs a t  70 cm (West Coast) 

As w i t h  the  report  by Phi 11 ips  and Imamura (1 954), no mention was made of the  
methods used t o  determine fecundity. 

Mason e t  a l .  (1983) examined sablef ish  fecundity from samples collected in  Br i t i sh  
Columbia waters in  ea r ly  February. They found a d i s t i n c t l y  bimodal d i s t r i bu t i on  
of egg s izes  with modes a t  0.1 mm and 1.0-1.2 mm and concluded t h a t  only the  l a r -  
ger eggs contributed t o  t ha t  yea r ' s  spawning. Therefore, t he  smaller eggs were 
discounted when fecundity was determined. Volumetric techniques were used t o  
estimate numbers of eggs in  each ovary. The re la t ionship  between fecundity (F) 
and fork length in cm (FL) was described by the  regression F = 1 .11987 (~~)2 .8244  
w i t h  a corre la t ion coef f i c ien t  ( r )  of 0.78 (Figure 4) .  These fecundity values a r e  
considerably lower than those previously reported i n  the  l i t e r a t u r e .  

Bracken and Eastwood (1 984) determi ned sabl e f i  sh fecundi ty  from Southeastern A1 aska 
waters from gravid females collected i n  l a t e  January and ea r ly  February. Subsamples 
of eggs were counted with a Klet t  bacter ia l  colony counter and gravimetrical ly 
expanded t o  t o t a l  ovary egg counts. Estimated fecundi t ies  ranged from 56,000 eggs 
fo r  a 50 cm f i s h  to  1.1 mil l ion eggs f o r  a 95 cm f i s h .  The re la t ionship  between 
fecundity ( F  and fork length i n  cm ( F L )  was described by the regression F = 
0.02349*(FL)j-88 with a corre la t ion coeff ic ient  ( r )  of 0.86 (Figure 4 ) .  

The length-weight re la t ionship  observed f o r  mature females by Bracken and Eastwood 
(1984) was applied t o  the lengths presented by Kodolov (1976) and Mason e t  a l .  
(1983) t o  determine eggs per gram of body weight. The re la t ionship  of fecundity 
t o  body s i z e  va r ies  among the d i f f e r en t  s tud ies  and ranges from 100 eggs per gram 
of body weight i n  Kodolov's (1976) repor t  and 97 eggs per gram i n  the ADF&G study 



1 + +  Bracken end Eastwood 11 9831 

.-----, Mason et a1 (19831 + /  -# 

A Phlll Ips and Irnamura [1954) 

Kodolov t19761 

1 I I 1 f 
50 60 70 8% 9B la0 

Fork Length tcml 

Figure 4. Fecundity a t  length  from sab le f i sh  studies i n  the northeastern 
Paci f ic .  Only the f i t t e d  equation o f  Mason e t  a l .  (1983) i s  shown. 



to  less than 50 eggs per gram in the Canadian studies of Mason e t  a l .  (1983). 
The biomdal distribution of egg s ize  indicated in the Canadian study was not 
observed in Southeastern Alaska samples and so a l l  eggs were counted resulting 
in higher fecundity values. 

Spawning Frequency: 

Fecundity studies conducted in British Columbia show a bimodal distribution of 
egg sizes in mature sablefish ovaries (Mason e t  a l .  1983). However, the relat ively 
short duration of ripe females in the samples suggests a single annual spawning. 

Sampling conducted in the inshore waters of Southeastern Alaska from January to 
March has failed to locate sablefish in spawning condition. However ripening f i sh  
have been observed in the same areas from September to  December during ea r l i e r  
research cruises and i n  the commercial f isheries .  This suggests a possible move- 
ment of ripening f i sh  into the offshore areas for  spawning. This i s  consistent 
with the observations of Beamish e t  a l .  (1983) that  nearly a l l  eggs were found a t  
stations over or adjacent to  the continental slope and there was no indication of 
major spawning in inshore waters. There i s  no evidence which suggests mu1 t i p l e  
spawning fo r  sablefish. 

Stock Structure 

There i s  currently a considerable amount of controversy over the population struc- 
ture  of Gulf of Alaska sablefish stocks. Wespestad e t  a l .  (1978, 1983) consider 
sabl ef ish to be general ly non-mi gratory and to  consist of 1 ocal ized, discrete popu- 
lations.  Sasaki (1979) and Bracken (1982; 1983a) feel that  sablefish are highly 
migratory and that  the Gulf of Alaska population should be considered essent ial ly  
a single stock. Two types of information are  currently available for  investigating 
the discreteness of sablefish stocks. A 1 imi ted amount of genetic investigation 
has been performed and tagging programs have been instigated by several govern- 
mental agencies. 

Genetic Studies: 

Early work on sablefish population structure by Phill ips e t  a l .  (1954) ut i l ized 
meristics counts. They found s t a t i s t i c a l l y  different  counts of morphometric 
characters fo r  each of 11 sample areas ranging from Southeastern Alaska to  Calif- 
ornia. Phill ips e t  a l .  (1954) concluded tha t  Alaskan stocks are separate from 
southern British Columbia stocks and northern Washington stocks and stated that  
t he i r  "data would seem to  indicate that  a l l  the sablefish along the coast do not 
intermingle freely,  and that there i s  more than one stock or race of f i sh .  " They 
also found tha t  "the most northern and the most southern areas were responsible 
for  the greatest  discordance ..." indicating that interchange was somewhat less  
towards the extremes of the range. However, comparisons of meristic counts from 
different  areas should be interpreted w i t h  caution since environmental conditions 
can exert substantial influence upon phenotypes, particularly during early develop- 
ment. Envi ronmental conditions vary considerably over the broad la t i tudinal  range 
Phill ips e t  a l .  (1954) examined and could be the cause of the difference i n  meristic 
counts. 

Gharret e t  a1 . (1982; 1983) have more direct ly  examined sablefish genotypes over a 
wide la t i tudinal  range by using electrophoretic techniques to  study regional vari- 



a t i o n  i n  a l l e l i c  frequencies o f  polymorphic sab le f ish  enzymes. They found an 
ex t rao rd ina ry  amount o f  polymorphism i n  sabl e f i  sh enzyme systems whi ch compl i - 
cated the  i n t e r p r e t a t i o n  of t h e i r  r e s u l t s .  Gharret  e t  a l .  (1982) repor ted  a  
r e l a t i v e l y  l a r g e  amount o f  heterogenei ty  among comparative samples from d i f f e r -  
en t  regions which i nd i ca ted  a  l a r g e  degree o f  interchange. They conclude t h a t  
t h e  "heterogenei ty  i s  consi s t e n t  w i t h  the  idea t h a t  the c o l l e c t i o n s  represent  
mix tures  o f  populat ions which a r e  g e n e t c i a l l y  d i s t i n c t ,  bu t  mobi le  a t  the  t ime 
of sampling." As i n  P h i l l i p s  e t  a l .  ' s  (1954) m e r i s t i c  study, l ess  heterogenei ty  
was observed towards the  end of t he  range, support ing t h i s  hypothesis.  

Gharret e t  a l .  (1983) re-examined the  e lec t rophore t i c  data us ing  more o b j e c t i v e  
c r i t e r i a  f o r  pool i ng samples and repor ted  considerably d i f f e r e n t  resu l  t s .  Groups 
of homogenous c o l l e c t i o n s  were found o f f  Ca l i f o rn ia ,  i n  the  i n s i d e  waters of 
Southeastern Alaska and i n  the  Ber ing Sea-Aleutian area. These groups were n o t  
homogenous w i t h  each o ther  o r  w i t h  adjacent  s i n g l e  c o l l e c t i o n s  except f o r  a  s i n g l e  
seamount c o l l e c t i o n  f r a n  t h e  eas tern  G u l f  o f  Alaska which was homogenous w i t h  p a r t  
o f  the Southeastern Alaska c o l l e c t i o n  and p a r t  o f  t h e  Ber ing Sea-Aleutian c o l l e c -  
t i o n .  Gharret e t  a l .  (1983) conclude t h a t  " there  i s  some genet ic /s tock s t r u c t u r e  
f o r  s a b l e f i s h  t h a t  can be def ined as geographic terms". The specimens examined by 
Gharret e t  a1 . (1982; 1983) were n o t  c o l l e c t e d  from spawning populat ions so t h a t  
the  samples could represent  mix tures  o f  i n d i v i d u a l s  from several genet ica l  l y  d i s -  
t i n c t  populat ions.  

Taggjng Studies: 

Sab le f ish  tagging s tud ies  have been c a r r i e d  out  by a  number o f  agencies: the U.S. 
Nat ional  Mari ne F i she r ies  Serv ice (NMFS) , Canadian Department o f  F i she r ies  and 
Oceans, Alaska Department o f  F i sh  and Game (ADF&G), C a l i f o r n i a  Department o f  F i sh  
and Game, Oregon Department o f  F i sh  and W i l d l i f e ,  and the  Japanese Far Seas Fish- 
e r i e s  Research Laboratory. The r e s u l t s  o f  the e a r l y  t a g  experiments a re  d i f f i c u l t  
t o  i n t e r p r e t ,  due t o  very  low r e t u r n  ra tes .  However the re  a r e  examples of extremely 
long range movements i n  these e a r l y  studies. 

Edson (1954) tagged 6,322 f i s h  i n  t he  eastern Gu l f  o f  Alaska. O f  t h e  21 recap- 
tu res ,  one had t rave led  t o  Cape F l a t t e r y ,  Washington, a  d is tance o f  1,979 km. 
P ru te r  (1959) tagged 1,108 s a b l e f i s h  i n  Holmes Harbor, Washington, i n  1955. Of 
t he  89 recover ies  by 1959, one had moved northward t o  Middleton I s l a n d  i n  the  Gulf 
of A1 aska. F i ve  a d d i t i o n a l  recaptures were l a t e r  recorded, a l l  i n  the  Ber ing  Sea 
(Pasquall e  1962, P a t t i e  1970). 

The NMFS coordinated a  tagging program i n  the  nor theastern P a c i f i c  from 1971 t o  
1976 i n  which 34,679 sab le f ish  were tagged by vessels from NMFS, the  Ca l i f o rn ia  
Department o f  F ish  and Game, the Oregon Department o f  F ish and W i l d l i f e ,  the  
Republic o f  Korea, and the  U.S.S.R. Recaptures o f  these tagged f i s h  a r e  summarized 
by Wespestad e t  a l .  (1978; 1983). They found t h a t  t he  average d is tance t r a v e l e d  
f o r  recovered tags was o n l y  117 km and concluded t h a t  " sab le f i sh "  a re  p r i m a r i l y  
non-mi g r a t o r y  and t h a t  most movement i s  1  i m i  t e d  t o  r e l a t i v e l y  s h o r t  d i  stances. " 
A s i g n i f i c a n t ,  b u t  s l i g h t ,  c o r r e l a t i o n  between d is tance t rave led  and days a t  l a r g e  
was found. No d i f f e rences  were found i n  d is tance t rave led  by s i z e  o r  i n  d i r e c t i o n  
of movement by  area. D i r e c t i o n  o f  movement was n o t  examined by s i z e  groups. On 
the  basi  s  o f  t he  tagging experjments, Wespestad e t  a1 . (1 978; 1983) recommend t h a t  
Gu l f  o f  Alaska s a b l e f i s h  be managed as d i s c r e t e  stock u n i t s  and suggest t he  cu r ren t  
INPFC boundaries may be s u f f i c i e n t  t o  de l i nea te  stocks f o r  management purposes. I t  



should be noted t h a t  Wespestad e t  a l . ' s  (1978; 1983) summarized a n a l y s i s  was n o t  
separated by geographic area and i nc l uded  r e s u l t s  from a1 1 t agg ing  coastwide 
exper iments.  No at tempts were made t o  c o r r e c t  f o r  r e t u r n  r a t e  o r  p o p u l a t i o n  s i z e  
i n  d i f f e r e n t  areas. 

Other r e c e n t  t agg ing  i n v e s t i g a t i o n s  have reached cons iderab ly  d i f f e r e n t  conc lus ions.  
Japanese t agg ing  observa t ions  a r e  summarized by Sasaki (1  979). The Japanese t agg ing  
exper iments i n v o l v e d  re leases  of 7,456 s a b l e f i s h  i n  t h e  Be r i ng  Sea and G u l f  o f  
Alaska f rom 1962 t o  1972. By 1978, 121 tags  had been recovered i n  t h e  f i s h e r i e s  
o f  t h e  U.S., Canada, U.S.S.R., Japan, and Korea. Sasaki (1979) r e p o r t s  t h a t  60% 
of t h e  re tu rned  tags  were recovered i n  a d i f f e r e n t  INPFC area than  t hey  were 
released. Many f i s h  tagged i n  t h e  Be r i ng  Sea were recovered i n  t h e  Gulf of  Alaska. 
Sasaki (1980) r e p o r t s  a d d i t i o n a l  r ecove r i es  of tags re leased  i n  1978 and 1979. A 
t o t a l  o f  48 of  t h e  79 recap tu res  from 1979 re leases  moved a t  l e a s t  48 km, w i t h  most 
of those m i g r a t i n g  much f u r t h e r  (Sasaki 1980) Sasaki ( 1  979) concludes t h a t  t h e  
s a b l e f i s h  s tocks  a r e  cons iderab ly  mixed and t h a t  t h e r e  a r e  no grounds f o r  d e l i n e -  
a t i  ng separate s tocks.  

Canadian tagg ing  s tud ies  a r e  summarized by Beamish and McFarlane (1  983). They 
found t h a t  j u v e n i l e  sab le f i sh  tended t o  move o f f s h o r e  and nor thward and t h a t  a 
l a r g e  p r o p o r t i o n  o f  t h e  o f f s p r i n g  from s a b l e f i s h  which spawned i n  Canadian waters  
moved nor thward i n t o  t he  G u l f  o f  Alaska as j u v e n i l e s .  Beamish and McFarlane (1983) 
found l i t t l e  evidence o f  any movement o f  mature a d u l t  s a b l e f i s h  tagged i n  B r i t i s h  
Col umbi a waters .  

Bracken (1982; 1983a) tagged sab le f i sh  i n  Southeastern Alaska i nsho re  areas and 
found t h a t  an unexpectedly l a r g e  number o f  recap tu res  occurred i n  of fshore waters,  
some as f a r  away as t h e  Be r i ng  Sea. The d i r e c t i o n  o f  movement of t h e  f i s h  t h a t  
moved o f f s h o r e  was c l e a r l y  r e l a t e d  t o  f i s h  s ize .  F i s h  l e s s  than  60 cm tended t o  
move n o r t h  and west once o f f s h o r e  waters  were reached, w h i l e  f i s h  60 cm and g r e a t e r  
moved southeastward i n t o  B r i t i s h  Columbia waters.  Bracken (1  982) then reanalyzed 
Japanese and NMFS t a g  recovery  da ta  and found s i m i l a r  t r ends  i n  d i r e c t i o n  of move- 
ment by s i ze .  Recaptures o f  Japanese tagged f i s h  had t r a v e l e d  an average o f  589 
km and 46% o f  t h e  recap tu res  examined had crossed a t  l e a s t  one INPFC boundary. 
Recaptured f i s h  tagged by NMFS i n  t h e  G u l f  o f  Alaska which were a t  l a r g e  l e s s  than 
1,000 days had t r a v e l e d  somewhat l e s s  d is tance ,  averaging 188 km w i t h  o n l y  20% o f  
t h e  recove r i es  o c c u r r i n g  i n  a d i f f e r e n t  INPFC area f rom t h a t  i n  which t hey  were 
tagged. Dark (1983) reexamined t h e  NMFS t a g  recovery  da ta  f rom t h e  NMFS s a b l e f i s h  
p o t  i ndex ing  survey re leases  which were f i r s t  r epo r ted  by Wespestad e t  a1 . (1978; 
1983). A f t e r  a l l o w i n g  f o r  t ime  a t  l a r g e  and d i r e c t i o n  o f  movement by  s i z e  he found 
s i m i l a r  p a t t e r n s  t o  Bracken (1982). The p a t t e r n  o f  d i r e c t i o n  t r a v e l e d  by s i z e  
group f o r  f i s h  which were recovered a t  l e a s t  160 km i s  v e r y  s i m i l a r  f o r  t h e  Japan- 
ese, ADF&G, and NMFS t a g  recove r i es  (F igu re  5 ) .  

Bracken (1983a) ad jus ted  t he  r e s u l t s  o f  t h e  ADF&G t a g  recove r i es  f o r  r e t u r n  r a t e ,  
s i z e  o f  harves t ,  and r e l a t i v e  p o p u l a t i o n  s ize .  He es t imated  t h a t  57% o f  t h e  
tagged p o p u l a t i o n  had l e f t  t h e  Southeastern Alaska INPFC area of tagg ing  w i t h i n  
3 years  (Tab1 e 3 ) .  

Conceptual Model o f  Sab le f i sh  Movements: 

Bracken (1982) p r o f f e r e d  a conceptual  model o f  s a b l e f i s h  movement t o  e x p l a i n  t h e  
observed p a t t e r n s  o f  s a b l e f i s h  t a g  recove r i es .  He p o s t u l a t e s  t h a t  t he  ma jo r  sable-  
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Table 3. Distr ibution of recoveries from ADF&G sablef ish  tagging experiments 
i n the Ketchi kan area of Southeastern A1 aska , 1978-1 982. 

Adjusted f o r  re turn  
INPFC area Raw Adjusted f o r  Adjusted f o r  harvest ,  and estimated 
recovered Recovery re turn  rate1 return & harvest2 r e l a t i v e  population3 

No. % No. % % % 

Vancouver 6 1.8 
Charlotte 90 27.0 
S .E . Ins ide  168 50.5 
S.E. Outside 22 6.6 
Yakutat 2 2 6.6 
Kodi ak 13 3.9 
Chiri kof 2 0.6  
Shurnagi n 5 1.5 
Aleutian 2 0.6 
Bering Sea 3 0.9 

Estimated percent of recaptured tags returned t o  the  tagging agency. 

2 Average of the  1981 and 1982 harvest by INPFC area .  

3 Relative population was based on r e l a t i ve  population numbers (RPN)  calculated by 
Sasaki (1981 ) f o r  the Gulf of Alaska and Aleution Region and by using f i s he r i e s  
performance as  an indicator  of r e l a t i ve  abundance in  the Canadian and Bering Sea 
areas.  



f i s h  spawning grounds are  i n  the eastern Gu l f  o f  Alaska. Juven i le  sab le f i sh  r e a r  
i n  shal low nearshore bays and coasta l  f j o r d s  u n t i l  they a re  about 3 years o l d  o r  
about 45 cm. A t  t h i s  time, they move i n t o  adjacent  deeper waters and begin t o  
move no r th  and westward along the  con t i nen ta l  slope, e i t h e r  a c t i v e l y  swimning o r  
pass ive ly  t ranspor ted  i n  t h e  fast-moving coasta l  cur ren ts .  Upon near ing the  s i z e  
o f  sexual ma tu r i t y ,  t he  d i r e c t i o n  o f  movement reverses as the  matur ing f i s h  begin 
t o  head fo r  the  p r i n c i p a l  spawning grounds o f f  Southeastern Alaska and nor thern  
B r i t i s h  Columbia. Thus the eastern Gu l f  o f  Alaska serves as a  poo l i ng  area f o r  
1  arge mature f i s h ,  and 1  i t t l e  a d d i t i o n a l  movement i s observed once the  f i s h  r e t u r n  
t o  t h a t  area. With t h i s  p a t t e r n  of movement i t  i s  essen t i a l  t o  consider  the  G u l f  
of A1 aska sab le f i  sh as one stock f o r  management purposes. 

TRENDS IN  SABLEFISH STOCK ABUNDANCE 

Japanese f i s h e r i e s  performance data has been used ex tens i ve l y  t o  determine stock 
abundance t rends i n  t h e  Gu l f  o f  Alaska. With t h e  withdrawal of the  Japanese f l e e t  
from the  eas tern  Gulf of Alaska i n  1978, a  cons is ten t  Gulf-wide catch data base 
was no longer  ava i l ab le .  Other methods f o r  determining abundance have become 
necessary. Begi nn i  ng i n  1978 a  U. S.-Japanese cooperat ive 1  ongl i ne survey has 
been conducted i n  t he  Gulf o f  Alaska. Also i n  1978, the  NMFS i n i t i a t e d  a  p o t  
indexing survey o f f  Southeastern A1 aska. A  p o r t  sampl i ng and sk ipper  i n te rv iew  
program has been conducted by t h e  ADF&G i n  the  eastern Gu l f  s f  Alaska s ince  1979. 
ADF&G sampling e f f o r t  i s  c u r r e n t l y  being expanded westward i n t o  the  Centra l  Gulf. 

U.S. - Japanese Cooperative Long1 i n e  Survey 

The U.S. and Japan have j o i n t l y  conducted l o n g l  i n e  surveys us ing  Japanese l o n g l  i n e  
vessels i n  t he  Gulf o f  Alaska s ince 1978. These surveys co1 l e c t  d e t a i l e d  catch 
i n fo rma t ion  by length, sex, and depth i n t e r v a l s  f o r  each INPFC area i n  the  Gu l f  
o f  Alaska. The i n i t i a l  survey i n  1978 was o f  a  l i m i t e d ,  p re l im ina ry  nature. The 
r e s u l t s  o f  t h e  surveys from 1979 t o  1982 a r e  summarized i n  Sasaki (3983). Sasaki 
(1981) describes t h e  computation of " r e l a t i v e  popu la t ion  numbers" (RPN) and " re la -  
t i v e  popu la t ion  weights" (RPW), by depth and area based on l o n g l i n e  survey catch 
in fo rmat ion .  These numbers a r e  der ived by m u l t i p l y i n g  the  bottom area o f  each 
depth zone i n  each INPFC area by the average catch per  hachi i n  numbers ( f o r  RPN) 
o r  ki lograms ( f o r  RPW) i n  each l eng th  i n t e r v a l  f o r  each INPFC area and depth zone. 
RPN summed over a l l  depths and INPFC areas i n  the G u l f  o f  Alaska f o r  a l l  l e n g t h  
i n t e r v a l s  combined has shown a  57% increase s ince 1979 (F igure  6a). RPW has 
increased 70% over  t h e  same per iod.  Much o f  these increases are  due t o  the  e f f e c t  
of t he  s t rong 1977 year  class. The l eng th  d i s t r i b u t i o n  of RPN f o r  1979 t o  1982 
dep ic ts  t h e  e n t r y  of t h i s  year  c lass  i n t o  t h e  f i s h a b l e  popu la t ion  (F igure  6b). 
The 1977 year  c lass  was f i r s t  detected i n  the  l o n g l i n e  survey i n  1980 as a  st rong 
mode a t  51 cm. The e f f e c t  o f  t h i s  year c lass  i s  v i s i b l e  as s t rong modes a t  55 and 
57 cm i n  the  1981 and 1982 surveys, respect ive ly .  

However, t h e  apparent increase i n  t o t a l  RPN and RPW i s  n o t  due merely t o  t h e  e f f e c t  
of t h e  1977 year  c lass.  The survey est imates of t he  RPN o f  o lder ,  l a r g e r  f i s h  has 
increased as w e l l .  F i sh  67 t o  74 cm i n  p a r t i c u l a r  show marked increases i n  RPN i n  
1980 and again i n  1982. Three f a c t o r s  cou ld  account f o r  the observed increase i n  
t he  abundance i n d i c a t o r  f o r  these o lder ,  f u l l y  r e c r u i t e d  f i s h :  
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F igure  6. A. Re la t i ve  G u l f  o f  Alaska popu la t ion  weights (RPW) and numbers 
(RPN) from the  U.S. - Japanese l o n g l  i n e  survey ( f rom Sasaki 1983) 
and B. length-frequency d i s t r i b u t i o n  o f  RPN from t h e  U.S. - 
Japanese l o n g l  i n e  survey, 1979 t o  1982. 



1 ) Movement of 1 arge f i s h  in to  the  Gulf of Alaska from adjacent zones, 

2)  A change in  catchabil i t y  or  avai labi l  i t y  t o  the  longline gear, and 

3) Random f luctuat ions  because of the  variance of the abundance indicator .  

Movement of a large number of older f i s h  i n to  the Gulf of Alaska i s  unlikely t o  
explain the  magnitude of the observed increase in  RPN. Changes i n  ca tchab i l i ty  
o r  a v a i l a b i l i t y  a re  d i f f i c u l t  to  determine but could eas i ly  occur f o r  several 
reasons. Change in  b a i t  qual i ty ,  f i shing eff ic iency,  o r  survey timing could 
a f f ec t  the  index. Also the behavior of sablef ish  could be changing as  a response 
t o  changes in  oceanographic conditions. The variance of the  components of RPN has 
not ye t  been reported. Abundance indices based on CPUE often have very high var i -  
a b i l i t y ,  so t ha t  the  observed increases in RPN of the larger  age c lasses  could be 
a t t r i bu t ed  t o  random f luctuat ions .  Until estimates of the variance of RPN a re  
made avai lable ,  the  observed increases i n  the  abundance of older f i sh  cannot be 
meaningful l y  in terpreted.  

Estimates of RPN by length interval  f o r  the  Eastern, Central,  and Western Gulf of 
Alaska fo r  1979 t o  1981 a r e  shown i n  Figure 7. In 1979 i n  the Eastern Gulf large  
f i sh  ( >  66 cm) were more abundant than i n  the  other areas.  A small mode repre- 
senting the  1977 year c lass  i s  evident only in  the Eastern Gulf i n  1979. In 1980 
the 1977 year c lass  dominated the length frequency d i s t r ibu t ions  i n  a11 areas ,  but 
the e f f ec t  i s  most noticeable i n  the Eastern Gulf. In 1981 t h i s  year c lass  contin- 
ued to  dominate the s i ze  d i s t r ibu t ions  i n  the Central and Western Gulf, b u t  declined 
i n  importance i n  the Eastern Gulf. Large f i sh  ( >  66 cm) were again more abundant 
i n  the  Eastern Gulf than i n  the westward areas  in  1981. 

Japanese Longline Fishery CPUE 

A continuous time s e r i e s  of catch per u n i t  e f f o r t  (CPUE) s t a t i s t i c s  from the Japan- 
ese longline f i shery  in  the  Gulf of Alaska i s  avai lable  from 1964 to 1977. In 1978 
the Japanese longliners were allowed t o  f i sh  in  depths shallower than 500 m f o r  
Pacif ic  cod. Further regulatory changes caused a large  s h i f t  in  Japanese f ishing 
e f f o r t  in to  these shallower regions. S t a t i s t i c s  provided by the  Japanese do not 
allow al locat ion of f ishing e f f o r t  between sablef ish  and Pacif ic  cod in these areas 
so t ha t  CPUE s t a t i s t i c s  a f t e r  1978 must be t reated separately from those pr ior  to  
1977. However, Okada e t  a l .  (1982) present CPUE data to  form a continous time ser-  
i e s  from 1967 to  1981 (Table 4),  although Stauffer  (1983) notes t ha t  i t  i s  not c l ea r  
how e f f o r t  directed specif i c a l l y  a t  sabl e f i sh  was calculated.  

Stauffer  (1  983) presents CPUE data from U. S. observers aboard Japanese vessel s t a r -  
geting on sablefish in waters deeper than 500 m. The Gulf-wide average observer 
CPUE f o r  a l l  sized f i s h  declined from 1977 t o  1979 and increased considerably from 
1980 to  1982 (Table 4 ) .  Most of the  increases have been due t o  small f i s h  from the  
1977 year c l a s s ,  as  the  CPUE of large  f i s h  ( >  67 cm) has not shown marked improve- 
ments. 

The ari thmetic mean of the  annual changes i n  RPW, Japanese reported long1 ine  CPUE 
and observer reported CPUE i s  a l so  shown f o r  1978 t o  1982. All abundance indica- 
t o r s  point t o  dramatic increases i n  stock abundance a s  a r e s u l t  of the  1977 year 
c lass .  
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Figure 7. Length distribution of RPN in the eastern, central ,  and western Gulf 
of Alaska from 1979 to 1981 from the U.S. - Japanese longline survey. 
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Table 4. Gulf-wide summary of abundance indicators for the Gulf of Alaska from 
1967 to 1982. Percent change in each abundance indicator i s  indicated 
in parentheses. The l a s t  column gives the average annual change in 
a l l  abundance indicators. 

U * S .  -Jape  ~urve~' Jap+ tong) i n e  CPUE Ohserver CF'UE " Averaye 
Year (RPW 1 (kg/10 hach i )  --__ ____________-_-_ _ _ _ _ _  ___-_---_-_.. -.. (kq/lO ---------- h a c h i )  Chanqg ----- 

' Relative population weights (RPW) from the U.S. Japanese longline survey 
from Sasaki (1983). 

Japanese long1 ine CPUE as reported i n  Stauffer (1983). The 1980 and 1981 
CPUE was originally reported by Okada e t  a1 . (1 982). 

3 Observer CPUE from observed hauls > 500 m i n  depth as reported by Stauffer 
(1  983). 



U.S. F ishery  P o r t  Sampl i n g  

The Alaska Department o f  F ish  and Game began dockside sampling o f  s a b l e f i s h  long- 
l i n e  vessels i n  1979 i n  Southeastern Alaska t o  determine in-season and annual 
changes i n  CPUE and length-weight  composit ion of the  catch. These data a re  used 
f o r  s e t t i n g  the  annual harvest  l e v e l  w i t h i n  the  g u i d e l i n e  harvest  ranges i n  the  i n -  
s ide  waters of Southeastern Alaska. Resul ts  a re  a l s o  used i n  con junc t ion  w i t h  o the r  
methods f o r  determining changes i n  stock s ta tus  i n  t he  ou ts ide  waters o f  Southeast- 
e rn  Alaska and the  Yakutat area. P o r t  sampling has been conducted f o r  landings 
from the  i n s i d e  areas s ince 1979 and f o r  the  landings from outs ide  areas s ince 
1981. I n  1983 a p o r t  sampling program f o r  s a b l e f i s h  was a l so  i n i t i a t e d  i n  Kodiak. 

A p o r t  sample cons is ts  o f  a sys temat i ca l l y  se lec ted  subsample o f  approximately 100 
s a b l e f i s h  from each l o n g l i n e  vessel sampled. F ish a re  measured t o  the  nearest  
cent imeter  and weighed t o  the  nearest  0.1 ki logram. Conversions have been estab- 
l i s h e d  t o  conver t  dressed l e n g t h  and weight  t o  round l eng th  and weight  f o r  bo th  
the eastern c u t  and western c u t  methods o f  dressing. I n  con junc t ion  w i t h  the  
length-weight  sample, an i n te rv iew  i s  conducted w i t h  t h e  vessel operator  t o  de te r -  
mine the  area of f i sh ing ,  type and number o f  hooks se t ,  and the  t o t a l  number o f  
f i s h  landed. That i n fo rma t ion  i s  combined w i t h  f i s h  t i c k e t  i n fo rma t ion  t o  de ter -  
mine the  number of f i s h  per  hook and number o f  pounds per  hook. These data are 
then summarized by area t o  f u r n i s h  an i n d i c a t i o n  o f  s tock s ta tus  based on f i s h e r i e s  
performance. 

U n t i l  1983, sampling o f  the U.S. f i s h e r y  i n  t h e  ou ts ide  areas o f  the  Eastern Gu l f  
of Alaska was n o t  as cons is ten t  o r  in tense as i n s i d e  f i s h e r y  sampling. I n  1983 the  
sampling program was expanded so t h a t  landings from ou ts ide  areas were sampled 
throughout most of the f i s h i n g  season, w i t h  a season average sampling f r a c t i o n  o f  
29% o f  the  catch by weight.  Only two openings, each o f  one week dura t ion ,  were 
al lowed i n  nor thern i n s i d e  waters i n  '1983. The sampling f r a c t i o n  f o r  these open- 
ings was over 70%. I n  Kodiak i n  1983, 11 landings were sampled f o r  a sampling 
f r a c t i o n  o f  31% o f  the catch. 

P o r t  sampling est imates of average pounds per  hook show an increas ing  t rend  i n  the  
nor thern  i n s i d e  area (Table 5) .  The same t rend  appears t o  be occur r ing  i n  ou ts ide  
waters, a1 though sampling was o n l y  conducted i n  1981 and 1983. Average f i s h  s i z e  
and CPUE has been h igher  i n  the  nor thern  i n s i d e  f i s h e r y  than i n  t he  ou ts ide  f i s h -  
ery.  Pounds per  hook from the  Kodiak landings are considerably lower than those 
from the  Eastern Gu l f  o f  Alaska i n  1983. 

One drawback o f  p o r t  sampling as an i n d i c a t o r  o f  s tock c o n d i t i o n  i s  t h a t  t he  cur- 
r e n t  market demands f i s h  of over 3 pounds dressed weight. Smaller f i s h  are  cap- 
t u red  by the l o n g l i n e  gear and are discarded a t  sea. On-board observers are  needed 
t o  o b t a i n  unbiased samples from these small f i sh .  Such a sampling program would be 
p a r t i c u l a r l y  useful as an e a r l y  i n d i c a t o r  of the presence o f  unusual ly  s t rong o r  
weak year  classes. 

NMFS Pot Indexing Survey 

The NMFS began sabl e f i  sh abundance index ing  i n  A1 aska dur ing  1978, us ing  standard- 
i zed  f i s h i n g  procedures and sab le f i sh  t r a p  gear. Annual change i n  r e l a t i v e  abun- 
dance and s i z e  composit ion of s a b l e f i s h  a re  monitored a t  s p e c i f i c  s i t e s  along the  
ou te r  coast o f  Southeastern Alaska. Three s i t e s  were f i s h e d  i n  1978 and f o u r  s i t e s  



l e  5.  Average pounds per hook from ADF&G p o r t  sampling i n  the  northern 
Southeastern i n s i d e  and outside areas and from the Kodiak area 
from 1 980 t o  1983. 
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were f i s h e d  from 1979 through 1983. Sampling procedures and r e s u l t s  from 1978 
t o  1981 a r e  reviewed by Zenger (1981 ). 

Between 1979 and 1980 the  abundance index f o r  marketable o r  ' l a r g e 1  s a b l e f i s h  
(>  57 cm) dec l ined  a t  t he  nor thern  Cape Cross and Cape Ornmaney s i t e s ,  w h i l e  
increases o f  70% and 1% were noted a t  t he  Cape Addington and Cape Muzon s i t e s ,  
respec t i ve l y .  The increase i n  abundance f o r  a l l  f o u r  s i t e s  combined t o t a l e d  o n l y  
3% between 1979 and 1980, l ead ing  Zenger and Hughes (1981 ) t o  conclude t h a t  t h e  
a l lowab le  b i o l o g i c a l  ca tch  (ABC) f o r  t he  pe r i od  June 1980 t o  May 1981 should n o t  
exceed the  June 1979 through May 1980 harves t  o f  2,580 m t .  

Abundance indexing showed a  f u r t h e r  d e c l i n e  i n  l a r g e  f i s h  ( >  57 an) f o r  a l l  s i t e s  
i n  1981 w i t h  an o v e r a l l  dec l i ne  o f  51% between 1979 and 1981. Catch r a t e  of "pre- 
recu i  t" s i z e  f i s h ,  ( <  57 cm) was inc reas ing ,  however, as t h e  s t rong 1977 year  
c l ass  became a v a i l a b l e  t o  t he  p o t  survey gear. A 53% increase i n  smal l  f i s h  was 
observed between 1979 and 1981. 

Resul ts  from t h e  1982 p o t  index ing  survey a r e  inconc lus ive  because o f  problems 
w i t h  weather and b a i t .  Abundance i nd i ces  computed from t h e  1982 data showed mod- 
e r a t e  increases a t  a l l  s i t e s  except Cape Muzon, which showed a  43% dec l i ne .  
Catch r a t e s  o f  marketable s i z e  f i s h  were s u b s t a n t i a l l y  lower than i n  1981 o n l y  
a t  t he  Cape Muzon s i t e .  

P re l im ina ry  r e s u l t s  o f  t he  1983 survey show t h a t  catch r a t e s  o f  marketable-sized 
s a b l e f i s h  increased a t  a l l  f o u r  sample s i t e s ,  reve rs ing  the  downward t r e n d  i n  
abundance the  pas t  few years (NMFS Cruise Report, JC-83-02). Catch r a t e s  were 
h ighes t  a t  Cape Muzon and decreased northward t o  Cape Ornmaney and Cape Cross, 
where the  U.S. f i s h e r y  i s  concentrated. Abundance o f  p re - rec ru i  t s  cont inued t o  
increase a t  Cape Muzon and Cape Addington, b u t  remained a t  n e a r l y  t h e  same l e v e l  
as prev ious years a t  the  nor thern  two s i t e s .  De ta i l ed  ana l ys i s  o f  t he  1983 survey 
data i s  n o t  y e t  complete. 

POPULATION DYNAMICS 

Stock Product ion Models 

Several at tempts have been made t o  determine maximum susta ined y i e l d s  (MSY I s )  f o r  
G u l f  o f  Alaska s a b l e f i s h  us ing  var ious  forms o f  s tock p roduc t ion  models. The 
stock product ion model s o f  Schaefer (1  954; 1957) ; Pel l a  and Tom1 i nson ( 1  969) ; 
Fox (1971 ); and F le t che r  (1978a, b )  a1 1  r e s u l t  f rom t h e  simple assumption t h a t  
a  s tock o f  f i shes ,  when subjected t o  f i s h i n g  m o r t a l i t y ,  w i l l  at tempt t o  r e s t o r e  
t h e i r  former l e v e l  o f  abundance a t  a  r a t e  p ropo r t i ona l  t o  the amount t h a t  t h e  
s tock has been d isp laced from i t s  l e v e l  o f  abundance p r i o r  t o  f i s h i n g .  This  
simp1 i s t i c  c lass  o f  models ignores the  e x p l i c i t  t reatment  o f  t h e  unde r l y i ng  pro- 
cesses o f  i n d i v i d u a l  growth, m o r t a l i t y ,  and recru i tment .  When f i t  t o  popu la t ions  
t h a t  a r e  n o t  a t  e q u i l i b r i u m  (almost always the  case), t he  t ime l a g  between a  g iven  
stock s i z e  and the  r e s u l t i n g  rec ru i tmen t  i s  n o t  a l lowed f o r .  S tochas t ic  v a r i a t i o n  
i n  recru i tment  can have d i sas t rous  e f f e c t s  on popu la t ions  which a re  managed accord- 
i ng  t o  s tock p roduc t ion  model recornendat ions ( L a r k i n  1977). For  these reasons 
"equi 1 i brium y i e l d s "  o r  "maximum susta ined y i e l d s "  r e s u l t i n g  from s tock  produc- 
t i o n  models should be regarded w i t h  caut ion.  



Moreover, the parameters of stock production model s are  cus tomari ly estimated 
from a time ser ies  of catch and e f fo r t  data of a t  leas t  10 years. One of the 
most important a t t r ibutes  of contemporary fishing f l ee t s  i s  a continuous increase 
in fishing power. Therefore, unadjusted time ser ies  of catch and e f fo r t  data 
will almost always be misleading. For example, Brown e t  a l .  (1976) estimated 
that  the fishing power of a number of different  fishing f l ee t s  in the North 
Atlantic increased an average of 5% per year over the period 1962-1972. Over a 
10-year period th is  would amount to  an effective increase in fishing power of 
1.65. With such increases in fishing power, stock production model parameters 
estimated with unadjusted time ser ies  of catch and ef for t  data are  almost cer- 
ta inly in error.  

Stock production model parameters for  sablefish in the north Pacific have a l l  
been estimated from time ser ies  of catch and e f fo r t  data from the Japanese long- 
l ine  fishery. In the Japanese longline fishery, fishing power would have been 
expected to increase over the period 1964 to  1977 for  several reasons. F i rs t ,  
searching efficiency would have increasee because higher resolution and more 
economical electronic equipment became avai lab1 e during t h i s  period. Improved 
acoustical gear would have a1 lowed easier location of productive fishing areas. 
Improvements in position finding equipment (LORAN, s a t e l l  i  t e  navigation, radar) 
would have allowed greater precision in returning to  fishing areas that were pro- 
ductive in the past. Secondly, local knowledge of the Gulf of Alaska fishing 
grounds was continually being accumulated by the Japanese longline skippers during 
that period. Thirdly, long1 ine set t ing and retrieval methods, baiting techniques, 
and processing methodology were undoubtedly being modernized and stream1 ined during 
that period. 

Low e t  a l .  (1976) f i t  Fox's (1970) exponential surplus production model to Japan- 
ese longline CPUE for  1963-1973 using Gulland's (1969) technique of relat ing CPUE 
to the prior average fishing e f fo r t  over the number of years tha t  a year class 
contributes to  a fishery. An attempt was made to remove some of the effects  of 
fishing power increases by using boat-days instead of units of gear as a measure 
of fishing e f fo r t .  Sablefish from the Bering Sea to California were assumed to 
be one stock unit. MSY estimates for  the adjusted data were 42,568 m t  i f  a year 
class was assumed to contribute significantly to  the fishery for  4 years, and 
46,536 metric tons i f  a year class contributed for  3 years. However, under the 
newer growth curves of Beami sh and Chi 1 ton (1 982) and Funk  and Bracken (1 983), 
sablefish contribute t o  the fishery for  much longer than 4 years. Thus the e s t i -  
mate of MSY using Low's procedure i s  probably too high. 

Sasaki (1978) further adjusted Japanese longline e f fo r t  measured in boat days to  
remove non-fishing time (travel time, weather time, e tc .  ) .  Both methods o f  com- 
puting e f fo r t  describe similar overall relationships between CPUE and e f fo r t  in 
the Gulf of Alaska over the period 1967 to 1977 (Figure 8 ) .  Both CPUE and e f fo r t  
were low a t  the s t a r t  of the Gulf of Alaska data ser ies  in 1967 with CPUE reaching 
a peak a t  intermediate e f fo r t  levels in 1970. Effort tended to increase until 
1976, while CPUE declined to  66% of the i n i t i a l  levels by 1977. The most obvious 
effect  of measuring e f fo r t  in boat days i s  depicted by the reduction in CPUE for  
1973 compared to  measuring e f fo r t  in 100 hachi units in 1973. By th i s  time stock 
abundance may have been reduced so t h a t  s ignif icant  amounts of time were being 
spent searching for  concentrations of f i sh .  Effort measured in boat days would 
include th i s  search time and cause CPUE to be reduced compared to  e f fo r t  measured 
in 100 hachi units. 



EFFORT I N  BORT-DRYS (INCLUDES SERRCH T IME1  

12 1 

4 4  
0 1080 2008 3000 4000 

EFFORT IN BORT-DRYS 

EFFORT I N  100 HRCHI U N I T S  

0 5800 10000 15G108 20000 
EFFORT IN 100 HRCHI 

Figure 8. Catch per u n i t  e f f o r t  (CPUE) and e f f o r t  f o r  two methods of computing 
e f f o r t  i n  the Japanese longline f i shery  in the  Gulf of Alaska, 1967- 
1977. Catch i n  metric tons from Low (1978). Effor t  in 100 hachi 
uni ts  from Low (1978). 



Sasaki (1978) used Gul land's  (1969) technique on t h e  ad jus ted  data and assumed 
t h a t  a sab le f ish  year  c lass  con t r i bu tes  s i g n i f i c a n t l y  t o  t he  f i s h e r y  f o r  4 o r  
5 years. His est imates of MSY a re  much higher,  ranging from 69,600 t o  87,200 
m t  f o r  t he  e n t i r e  North P a c i f i c .  Gu l f  o f  Alaska MSY's were est imated a t  31,200 
t o  32,400 m t .  

Low and Wespestad (1979) f i t several types o f  s tock product ion models t o  the 1964 
through 1977 Japanese l o n g l i n e  CPUE, us ing  both unadjusted catch per  hachi and 
CPUE adjusted f o r  non- f i sh ing  time from Sasaki (1978). They used both t h e  GSPFIT 
procedure t o  est imate parameters of Fox's (1970) exponential  model and the  PARFIT 
technique of Rivard and Bledsoe (1978) t o  est imate parameters o f  t he  r e s t r u c t u r e d  
Pella-Tomlinson model o f  F le t che r  (1978b). The i r  est imates o f  MSY f o r  t he  e n t i r e  
North P a c i f i c  averaged 50,300 m t  over a l l  data se ts  and models. For the Bering 
Sea-Aleutian-Gulf o f  Alaska reg ion  MSY was est imated a t  40,800 m t  over  a1 1 data 
se ts  and models. For t he  Gu l f  o f  Alaska data, MSY averaged 26,500 mt, a l though 
parameter est imates fo r  several o f  the  data sets d i d  n o t  converge t o  meaningful 
values. An MSY o f  25,100 m t  was assigned t o  the  Gu l f  o f  Alaska region, based on 
the r e s u l t s  o f  the  stock product ion models f o r  the  l a r g e r  regions and the  h i s t o r -  
i c a l  pa t te rns  o f  catch. 

I n  o rder  t o  i n v e s t i g a t e  the e f f e c t s  o f  changes i n  f i s h i n g  power on MSY est imates 
from stock product ion mode1 s , we re-est imated stock product ion  model parameters 
under the  assumption t h a t  f i s h i n g  power gradua l ly  increased over t he  t ime per iod  
from 1964 t o  1977. The PARFIT parameter es t imat ion  technique o f  Rivard and Beldsoe 
(1 978) was appl i e d  t o  t h e  res t ruc tu red  Pel la-Tom1 inson model o f  F le t che r  (1  978b). 
The model was f i r s t  v e r i f i e d  by f i t t i n g  i t  t o  unadjusted data f o r  the  Ber ing Sea- 
Aleut ian-Gul f o f  A1 aska area from Sasaki (1978), w i t h  e f f o r t  measured i n  boat days. 
The PARFIT technique was able t o  descr ibe t h i s  data se r ies  reasonably w e l l ,  a l though 
a few of t he  res idua ls  a re  l a r g e  (F igure 9a). MSY was est imated a t  45,003 m t  f o r  
t he  e n t i r e  area. The parameter est imates a re  s i m i l a r  t o  those repor ted  by Low and 
Wespestad (1979) f o r  the same data. The minor  d i f f e rences  a re  probably due t o  d i f -  
ferences i n  data we igh t ing  techniques. A d d i t i v e  p ropo r t i ona l  e r r o r s  were assumed 
fo r  these est imates. Parameters were then re-est imated a f t e r  a d j u s t i n g  f i s h i n g  
e f f o r t  t o  a l l ow  f o r  a 1.5% annual increase i n  f i s h i n g  power from 1964 t o  1977. 
MSY was then est imated a t  40,702 m t  (F igure  9b), a 9.6% reduct ion  from the  unad- 
j us ted  data. Using the  a l l o c a t i o n  technique o f  Low and Wespestad (1979), t he  
Gu l f  of A1 aska MSY would be 23,956 m t .  Attempts were made t o  est imate parameters 
f o r  annual f i s h i n g  power increases greater  than 1.5%. I n  a l l  cases, the  estima- 
t i o n  technique f a i l e d  t o  converge t o  reasonable parameter values. However, if MSY 
were r e l a t e d  i n  a l i n e a r  fash ion  t o  the annual r a t e  o f  increase i n  f i s h i n g  power 
over t h i s  10-year span, p r o j e c t i o n s  can be made f o r  annual f i s h i n g  power increases 
greater  than 1.5%. Using t h i s  method, i f  f i s h i n g  power had increased a t  an annual 
r a t e  o f  5%, MSY would be reduced 32% t o  30,603 m t  f o r  the Ber ing Sea-Aleutian-Gulf 
o f  Alaska region.  Using the a1 l o c a t i o n  methods o f  Low and Wespestad (1979), MSY 
fo r  t he  Gu l f  of Alaska would then be 18,012 m t .  

Populat ion Parameter Estimates 

Parameter es t ima t ion  f o r  Gu l f  o f  Alaska s a b l e f i s h  i s  hampered by a l a c k  o f  consis- 
t e n t  area-wide t ime se r ies  o f  data. Because of gaps and u n c e r t a i n t i e s  i n  t he  data, 
we feel t h a t  t h e  most appropr ia te  approach i s  t o  average parameter est imates from 
as many sources as possib le,  at tempt ing t o  average the  r e s u l t s  o f  techniques t h a t  
w i  11 tend t o  overest imate and t o  underest imate parameters where possi b l  e. 
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Figure  9. Restructured Pel la-Tom1 inson stock p roduc t ion  model o f  F le t che r  (1978b) 
f it t o  A) unadjusted ca tch  and e f f o r t  data from t h e  Japanese l o n g l i n e  
f i s h e r y  i n  t he  Ber ing  Sea-Aleut ian-Gulf  o f  Alaska area and B) catch and 
e f f o r t  data ad jus ted  f o r  a  1.5% annual increase i n  f i s h i n g  power over  
t he  pe r i od  1967-1977. Parameters were est imated w i t h  t he  PARFIT tech- 
n ique of Rivard and Bledsoe (1978). 



Stock Size: 

Pre l im inary  est imates o f  s tock biomass f o r  Gu l f  o f  A1 aska sabl e f i  sh are  a v a i l a b l e  
from stock product ion  models and from methods based on ca l cu la t i ons  o f  area swept 
i n  t raw l  surveys. Sablef ish stock product ion  models p rov ide  est imates o f  biomass 
on ly  f o r  t he  e n t i r e  Ber ing Sea-Aleutian-Gulf o f  Alaska area, s ince f i t s  t o  Japan- 
ese catch and e f f o r t  data f o r  the  Gu l f  o f  Alaska a lone were no t  s u f f i c i e n t  t o  a l l o w  
meaningful parameter est imat ion.  These est imates o f  t o t a l  biomass can be a l l oca ted  
t o  t h e  Ber ing Sea, Aleut ian,  and Gu l f  o f  Alaska areas based on the  r e l a t i v e  popula- 
t i o n  weights (RPW) f o r  these areas determined from the  U. S. -Japanese Cooperative 
Longl ine Survey. The l o n g l i n e  survey covered a l l  t h ree  areas o n l y  i n  1982. How- 
ever, t h e  l o n g l i n e  survey does n o t  cover t he  i n s i d e  waters o f  Southeastern Alaska. 
RPW f o r  t he  i n s i d e  waters i s  est imated a t  8.0% o f  the  Gu l f  o f  Alaska t o t a l  RPW, 
based on f i s h e r i e s  performance (see Table 13).  Therefore, the s p a t i a l  a1 1 oca t i on  
of biomass based on 1982 RPW i s :  

RPW % 

Ber ing Sea 33,538 8.2 
A leu t ians  30,984 7.6 
Gu l f  o f  Alaska 319,967 78.0 
Southeastern I n s i d e  25,597 6.2 

The t o t a l  Gu l f  o f  Alaska a l l o c a t i o n ,  i n c l u d i n g  i n s i d e  waters, i s  84.2%. The stock 
product ion  model est imates o f  s tock biomass ( i n  m e t r i c  tons)  f o r  the  Ber ing Sea- 
Aleut ian-Gul f  o f  Alaska area i n  1977 i s  149,380 m t  w i thou t  a d j u s t i n g  f o r  f i s h i n g  
power increases. I f  f i s h i n g  power had increased by 1.5% per year, t he  1977 stock 
biomass est imate from the  stock product ion model i s  120,380 m t .  The a l l o c a t i o n s  
t o  the  Gu l f  o f  Alaska are  then 125,778 m t  f o r  the  unadjusted data and 101,360 m t  
f o r  the e f f o r t  adjusted data. Because o f  u n c e r t a i n t i e s  i n  the  est imates, the  aver- 
age o f  these two values of 113,569 w i l l  be used as the  1977 stock product ion  e s t i -  
mate o f  the  Gu l f  of Alaska biomass. Table 6 dep ic t s  the  biomass p r o j e c t i o n s  f o r  
1978 t o  1982 based on t h i s  est imate o f  the  1977 stock biomass and the  average 
annual change i n  abundance i n d i c a t o r s  from Table 4. 

Recent ly Japanese s c i e n t i s t s  have der ived s tock  s i z e  est imates from comparative 
t raw l  and l o n g l i n e  sampling. The NMFS performed a t raw l  survey i n  the  A l e u t i a n  
reg ion  i n  1980 and est imated sab le f ish  biomass i n  t he  100-900 m depth range a t  
19,464 tons. The 1980 U.S. - Japanese l o n g l i n e  survey r e l a t i v e  popu la t ion  biomass 
i n  t h i s  depth zone was 23,602. From t h i s  comparative sampling, Japanese s c i e n t i s t s  
est imates t h a t  absolute biomass = 0.8247 * r e l a t i v e  biomass (Sasaki 1983). The 
est imates o f  sab le f i sh  biomass based on t h i s  r e l a t i o n s h i p  a r e  a l so  shown i n  Table 
6. 

These RPN based est imates must be considered t o  be ve ry  p re l im ina ry  i n  nature. 
The expanded est imates a re  a l l  based on compared t raw l  and l o n g l i n e  samples from 
on ly  one year  and on l y  i n  t he  A leu t i an  area. The bathymetry o f  t h e  A l e u t i a n  area 
i s  extremely d iverse.  Since the  t r a w l  and l o n g l i n e  surveys were n o t  coordinated, 
very  d i f f e r e n t  h a b i t a t s  cou ld  have been sampled i n  t he  two surveys. The techn i -  
que holds promise b u t  should be based on an adequately designed comparison f o r  
the  e n t i r e  G u l f  o f  Alaska. 



Table 6. Biomass es t imates  f o r  Gulf o f  Alaska s a b l e f i s h  based on t h e  s tock  
p roduc t i on  model es t imate  f o r  1977 p r o j e c t e d  o u t  t o  1982 based on 
average change i n  abundance i nd i ces ,  and t h e  biomass es t imates  of  
Sasaki (1983) based on comparat ive t r a w l  and l o n g l i n e  CPUE i n  t h e  
A l e u t i a n  reg ion .  

Biomass Estimate RPN-'rl-a~o 1 Eased 
Del-ived from StocK Nion~ass Esti mare 

Averaye chanQelin Product i a n  Model (Sasaki 1903) 
Year .--.-- fiklr!!s!?ll~e-i!?!i~~5 ------------------- (ntetric tons) _~~~EEE~~I-SE!!SL. -  

Average o f  t h e  pe rcen t  change i n  Japanese f i s h e r y  CPUE, observer  CPUE f rom 
observed hau ls  i n  g rea te r  than  500 m depths and RPW over  a l l  depths and 
s izes .  

* Average o f  t h e  unadjusted f i s h i n g  e f f o r t  es t ima te  and the  es t imated  ad jus ted  
f o r  1.5% annual inc rease  i n  f i s h i n g  e f f o r t .  



M o r t a l i t y :  

Low e t  a l .  (1976) i n i t i a l l y  est imated s a b l e f i s h  na tu ra l  m o r t a l i t y  by t h e  Alverson- 
Carney procedure (Alverson and Carney 1975). This  procedure est imates the  ins tan-  
taneous r a t e  o f  na tura l  m o r t a l i t y  (M) f rom the  von Ber ta lan f f y  growth c o e f f i c i e n t  
(K) and the  t ime a t  which a cohor t  i s  expected t o  achieve maximum biomass (T,,b): 

Low e t  a1 . (1976) approximate the  age of maximum biomass as 114 o f  t he  maximum 
observed age i n  the  unf ished populat ion,  as suggested by Alverson and Carney (1975) 
f o r  p re l im ina ry  approximation. Est imat ing t h i s  age a t  30 years, they der ived an 
instantaneous na tu ra l  m o r t a l i t y  est imate o f  0.22. 

The newer, slower growth ra tes  r e q u i r e  a  re -eva lua t ion  o f  these na tu ra l  m o r t a l i t y  
estimates. The A1 verson-Carney procedure was used t o  est imate na tu ra l  morta l  i t y  
fo r  a  range o f  maximum ages, us ing the  von Ber ta lan f f y  growth coe f f i c i en ts  of 
Funk and Bracken (1983) f o r  nor thern  B r i t i s h  Columbia. A range of maximum ages 
was used, approximating the  age of maximum biomass as 1/4 o f  t he  maximum observed 
age i n  unf ished populat ions.  The average est imated na tu ra l  m o r t a l i t y  fo r  male and 
female s a b l e f i s h  ranged from 0.080, i f  the  maximum age was 40 years, t o  0.024 a t  a  
maximum age o f  65 years (Table 7). Beamish and C h i l t o n  (1982) r e p o r t  a  maximum 
age i n  t h e  commercially f i s h e d  popu la t ion  i n  B r i t i s h  Columbia a t  approximately 45 
years. Alverson and Carney (1  975) express caut ion  concerning the  p re l im ina ry  e s t i  - 
mat ion o f  Tmb as 1/4 of the  maximum observed age i n  unfished populat ions.  They 
note t h a t  values o f  Tmb repor ted  i n  t he  l i t e r a t u r e  a r e  c lose r  t o  1/3 of t he  maxi- 
mum observed age i n  unf ished populat ions, which reduces the  na tu ra l  m o r t a l i t y  
est imates. A t  the  o l d e r  maximum ages, t he  na tu ra l  m o r t a l i t y  est imate i s  n o t  as 
s e n s i t i v e  t o  changes i n  Tmb as a t  younger maximum ages. A maximum age of 55 years 
i s  assumed f o r  u n f i  shed populat ions,  which g ives an Alverson-Carney instantaneous 
na tu ra l  m o r t a l i t y  est imate o f  0.036. 

The s t rong 1977 year  c lass  prov ides an oppor tun i t y  t o  use some simple length-  
frequency modal separat ion techniques fo r  es t imat ing  instantaneous f i s h i n g  and 
na tu ra l  m o r t a l i t y .  Modal separat ion techniques a r e  d i f f i c u l t  t o  app ly  t o  a d u l t  
sab le f ish  because w i t h  t h e i r  slow growth; t he  l eng th  frequency d i s t r i b u t i o n s  
o f  i n d i v i d u a l  cohor ts  over lap  considerably. Therefore, modal separat ion techn i -  
ques a r e  o n l y  useful  when sab le f ish  a re  f i r s t  r e c r u i t e d  t o  the  f i s h e r y ,  which 
occurred i n  1980 fo r  the 1977 yea r  c lass.  

Two s imple modal separat ion techniques a re  app l i ed  t o  the  sablef ish data. The 
f i r s t  technique est imates s u r v i v a l  d i r e c t l y  from the l eng th  d i s t r i b u t i o n  o f  RPN. 
The s u r v i v a l  of a l l  cohor ts  present  i n  the  popu la t ion  i n  1979 i s  computed f o r  one 
year, from 1979 t o  1980. The 1977 year c lass  i s  assumed t o  be unava i lab le  t o  
l o n g l i n e  gear i n  1979. The 1977 year  c lass  i s  separated from the  popu la t ion  
remaining i n  1980 by assuming t h a t  the  f i r s t  mode i n  the  l eng th  d i s t r i b u t i o n  o f  
RPN f o r  1980 (F igure  6 )  i s  e n t i r e l y  due t o  the 1977 year  c lass.  The unknown form 
o f  t h e  descending r i g h t  l i m b  o f  l eng th  d i s t r i b u t i o n  o f  t he  1977 year  c lass  i n  1980 
i s  assumed t o  be symmetrical w i t h  the ascending l e f t  l imb.  This  technique over- 
est imates the  abundance of t h e  1977 year c lass s ince po r t i ons  o f  o the r  year  classes 
w i l l  be inc luded i n  t h e  est imate. To some extent ,  the  i n c l u s i o n  o f  p a r t i a l l y  



Table 7. Na tu ra l  m o r t a l i t y  est imates f o r  male and female s a b l e f i s h  from t h e  
Alverson-Carney procedure f o r  a range o f  es t imates  o f  maximum age 
i n  un f i shed  popu la t ions .  The age o f  maximum biomass (Tmb) i s  computed 
as 114 o f  t h e  maximum age i n  un f i shed  popu la t ions .  The von Be r ta l an f f y  
growth c o e f f i c i e n t ,  K, was est imated by Funk and Bracken (1983) f o r  
no r t he rn  B r i t i s h  Columbia samples. 

Maximum Unf isned Obsel-ved Age: --...- 40 --..- 45 ---- IS 0 -.--- 55 ---- clr 0 ---- 65 

Age of Maximum Eion~ass (Tmh): 10 11.25 12,s 13.75 15 16425 

Natural Mortality Hate (Females): ,132 ,104 ,081 ,067 ,055 ,045 
(K = 0,147) 

Natural Mortality Rate (Males): ,027 ,017 ,010 ,006 .004 ,002 
(K = 0,377) 

.." - - - - - -  ---... - - - -  ...--.. ----- 

Average of  Male and Fema l e:  ,080 0 1  ,047 ,034 ,030 ,024 



r e c r u i t e d  year  classes i n  1979 w i l l  tend t o  compensate f o r  t h i s  e f f e c t .  Using 
t h i s  method, the  1977 year  c lass  accounts f o r  47.2% o f  t he  1980 Gulf-wide RPN 
shown i n  F igure  6. To ta l  popu la t ion  s izes  i n  numbers o f  f i s h  were est imated f o r  
1979 and 1980 using both of t he  biomass est imates o f  Table 6  a long w i t h  the l eng th  
d i s t r i b u t i o n  o f  RPN and a  length-weight r e l a t i o n s h i p  der ived from sampling i n  
Southeastern Alaska (Table 8). The c o n t r i b u t i o n  o f  the  1977 year  c lass  was then 
subtracted from the  t o t a l  1980 popu la t ion  est imate t o  determine the su rv i vo rs  o f  
a l l  previous year classes t h a t  were present  i n  1979. Catch i n  numbers was e s t i -  
mated from the  harvest  weights given i n  Table 1. The l eng th  frequency d i s t r i b u -  
t i o n  i n  t he  commercial ca tch  was assumed t o  be s i m i l a r  t o  t h a t  of RPN. The simple 
form of t he  catch equat ion and an exponential  s u r v i v a l  model can then be used t o  
est imate instantaneous f i sh ina  m o r t a l i t y  (F) and instantaneous na tu ra l  m o r t a l i t y  
(M) from the  catch (C) and popu la t ion  s izes  (N1 and N o ) :  

where Z = F+M. Natura l  m o r t a l i t y  est imates are  .238 f o r  the  stock product ion  
model based biomass est imate and .364 f o r  the  RPN-trawl based biomass est imate. 

The second na tu ra l  m o r t a l i t y  es t ima t ion  technique based on l eng th  frequencies f i r s t  
converts lengths  t o  ages and then examines s u r v i v a l  from the r e s u l t i n g  age frequency 
d i s t r i b u t i o n s .  This technique tends t o  underestimate the  abundance of t he  1977 
year  c lass.  Conversions from leng th  d i s t r i b u t i o n s  t o  age d i s t r i b u t i o n s ,  i n  gen- 
e r a l ,  a r e  sub jec t  t o  b i a s  (Kimura 1977; Westrheim and Ricker  1978; C lark  1981 ; 
Bartoo and Parker 1983). However, r e s u l t s  can be cau t i ous l y  considered i n  com- 
par ison t o  the  prev ious method, which overestimated the  c o n t r i b u t i o n  of the  1977 
yea r  c lass .  More d e t a i l e d  age data a re  requ i red  i n  o rde r  t o  apply more s o p h i s t i -  
cated techniques o f  es t imat ing  age d i s t r i b u t i o n  f o r  t he  Gu l f  o f  Alaska s a b l e f i s h  
f i  shery. 

Estimates of t o t a l  popu la t ion  biomass were f i r s t  converted t o  numbers a t  l eng th  
us ing t h e  l eng th  d i s t r i b u t i o n  o f  RPN f o r  the Gu l f  of Alaska from 1979 t o  1980 from 
Sasaki (1983) (F igure  6b), and a  length-weight  f u n c t i o n  der ived from ADF&G sampling 
i n  Southeastern A1 aska. These l eng th  d i  s t r i  bu t ions  were then separated by sex, 
us ing the  l e n g t h - s p e c i f i c  sex r a t i o s  f o r  1981 given i n  Sasaki e t  a l .  (1982). The 
sex-spec i f i c  length  d i s t r i b u t i o n s  were then converted t o  age d i s t r i b u t i o n s  us ing  
t h e  lengths  a t  age frm the  "nor thern B r i t i s h  Columbia" growth curve o f  Funk and 
Bracken (1983). F ish 7  years and o l d e r  were pooled i n t o  a  s i n g l e  "7+" age cate- 
gory because o f  excessive over lap i n  t h e  l e n g t h  d i s t r i b u t i o n  a t  o l d e r  ages. The 
r e s u l t i n g  age frequency d i s t r i b u t i o n s  are  g iven i n  Table 9  f o r  1979 and 1980. The 
1977 year c lass  was aged 2 i n  1979 and becomes p a r t i c u l a r l y  no t iceab le  a t  age 3 i n  
1980. G u l f  o f  Alaska s a b l e f i s h  y i e l d s  i n  m e t r i c  tons f o r  1979-1982 from Table 1  
were converted t o  numbers o f  f i s h  caught a t  age us ing the  same procedure. This  
assumes t h a t  the age d i s t r i b u t i o n  o f  t he  t o t a l  Gu l f  o f  Alaska catch i s  the  same 
as t h a t  o f  the  U.S. Japanese Longl ine Survey i n  t he  corresponding year.  M o r t a l i t y  
r a t e s  a r e  est imated from the  su rv i va l  o f  t h e  popu la t ion  aged 3  and o l d e r  i n  1979 
t o  the  popu la t ion  aged 4  and over i n  1980. M o r t a l i t y  ra tes  a r e  est imated us ing  
the  same equations as i n  t h e  prev ious method. The instantaneous r a t e  o f  na tu ra l  



e 8. Es t imat ion  of n a t u r a l  m o r t a l i t y  from the  s u r v i v a l  from 1979 t o  1980 
o f  t h e  popu la t i on  which was r e c r u i t e d  t o  t he  f i s h e r y  i n  1979. The 
est imated s i z e  o f  t he  1977 year  c l ass  i s  sub t rac ted  from t h e  1980 
popu la t i on  est imate. Biomass est imate i n  m e t r i c  tons a re  from Table 
6. Popu la t ion  s izes  a re  est imated from biomass us ing  the  l eng th  
d i s t r i b u t i o n  o f  RPN and a  length-weight  regress ion  der ived  from ADF&G 
sampl i n g  i n  Southeastern A1 aska. 

1950 Eiontass (.&I: 105,381 

1980 Popularion less the 
47,2% contribution of 
the 15'77 year c l a s s :  28,220,418 

Z (Total mortal i ty):  00379 0 + 445 

F (Fishing mortal i ty):  0,141 0.081 

M (Natu\+ai mortal i t y )  : 0 238 0.364 



Table 9. Est imat ion of na tura l  m o r t a l i t y  from t h e  surv iva l  from 1979 t o  1980 
of t h e  populat ion which was aged 3 and o l d e r  i n  1979, based on con- 
vers ion  o f  l ength  d i s t r i b u t i o n s  t o  age d i s t r i b u t i o n s .  

Age 

-- 

s ~ ~ c ~ - ~ ~ g a g ~ t ~ g ~ - E ~ ~ i g 3 E g  --------------------- RPCI-Trarll l Estimate 

1979 --------- a m 0  --------- 1979 ------.---- 1980 

3 and o l d e r :  34,055,473 
4 and o l d e r :  

Iurs tantaneous  Horra t i t y  E s t i m a t e s  ----.------------------- ---------.- 

Z ( T o r a j  M o r t a l i t y ) :  

F ( F i s h i n g  llortal i t y )  : 

M ( N a t u r a l  f lor ra l  i t y )  : 



morta l i ty  was estimated a t  0.012 f o r  the  stock production based biomass est imate,  
and a t  0.139 for  the RPN-trawl based biomass estimate. 

Lacking be t te r  data f o r  estimating morta l i ty ,  the average of the  length-frequency 
method, which tends to  overestimate natural mortal i ty ra tes  and the age-frequency 
method, which to  underestimate natural morta l i ty  r a t e s  wil l  be used to  represent 
r a t e s  derived froin length and age methods: 

Stock production RPN trawl 
biomass estimate biomass estimate 

Length-frequency method 

Age-frequency method 

Average 

The average of the length and age methods i s  0.188. This estimate and the  est imate 
from the Alverson-Carney procedure of 0.036 were averaged t o  obtain the  estimate 
of the  instantaneous natural morta l i ty  r a t e  fo r  Gulf of Alaska sablefish of 0.112. 

Equi 1 i b r i  urn Yield Per Recruit 

Low e t  a1 . ( 1  976) pub1 ished r e su l t s  of a Beverton-Hol t yield-per-recrui t model 
based on the  older f a s t e r  growth ra tes  and re la t ive ly  high ra tes  of natural mor- 
t a l  i t y .  They fe l  t t ha t  the natural mortal i ty r a t e  was approximately 0.22. Mi t h  
r e la t ive ly  f a s t  growth, the optimum age of exploitat ion was about 5 ,  w i t h  instan- 
taneous f i sh ing  mortal i ty r a t e s  of about 1.0. The newer, slower growth r a t e s  and 
lower natural mortal i ty ra tes  depic t  a qui te  d i f fe ren t  s i tua t ion .  

A revised Beverton-Holt yield-per-recruit  model was constructed t o  r e f l e c t  the 
current  parameter estimates of the Gul f of A1 aska sabl e f i  sh population and the 
sabl e f i  sh 1 ongl i ne f ishery.  The yie l  d-per-recrui t model includes the  e f f ec t s  of 
hooking mortal i ty on f i sh  t ha t  a r e  e i t he r  below a hypothetical s i z e  l im i t  or  a r e  
discarded. Currently there i s  l i t t l e  o r  no market f o r  small ( <  3 Ib )  sablefish 
so they a re  frequently discarded a t  sea. 

The r a t e  of accumulation of y ie ld  (dY) from a cohort a t  age t i s  defined as :  

where F i s  the instantaneous r a t e  of f ishing morta l i ty ,  N ( t )  i s  a survival model 
describing numbers surviving a t  age t ,  and W(t) i s  a model describing average 
weight a t  age t .  The yie ld  over the l ifespan of the cohort from the  age of f i r s t  
retention i n  the catch (tc) t o  theoldest  age tA i s  given by: 



The s u r v i v a l  model N ( t )  has two components. The f i r s t  component describes sur-  
v i v a l  from t h e  age o f  f i r s t  v u l n e r a b i l i t y  t o  t he  f i s h i n g  gear ( t r )  t o  t he  age 
f i r s t  re ta ined  i n  t he  catch t c ) :  

N ( t c )  = N( t r )  * exp - [H(F)+M]*(tc-tr) 

where No i s  the number o f  f i s h  a t  age try H(F) i s  a  f u n c t i o n  desc r ib ing  the 
instantaneous r a t e  o f  hooking m o r t a l i t y  on discarded f i s h  as a  f u n c t i o n  o f  the  
instantaneous r a t e  o f  f i s h i n g  m o r t a l i t y  on l a r g e  f i s h  (F), and M i s  t he  ins tan tan-  
eous na tu ra l  m o r t a l i t y  ra te .  

The second component o f  the s u r v i v a l  model describes s u r v i v a l  t o  age t, beyond 
the  age o f  f i r s t  r e t e n t i o n  i n  t he  catch ( t c ) :  

N ( t )  = N ( t c )  exp - ( F + M ) ( ~ - t c )  

The a l l o m e t r i c  growth func t ion  f o r  "nor thern  B r i t i s h  Columbia" from Funk and 
Bracken (1983) i s  used t o  descr ibe weight  a t  age [W(t)]. Male and female growth 
i s  t racked separate ly  i n  the  model, assuming equal numbers o f  r e c r u i t s  i n  the  
i n i t i a l  popul a t i  on. The instantaneous r a t e  o f  na tu ra l  mor ta l  i t y  i s  assumed t o  
be 0.112. 

The cu r ren t  economic s t r u c t u r e  o f  t he  U.S. sab le f i sh  f i s h e r y  values l a r g e  f i s h  
( >  5 I b s  dressed weight) a t  over tw i ce  t h a t  o f  small f i s h .  I n  o rder  t o  r e f l e c t  
cu r ren t  market cond i t ions ,  t he  landed value per  r e c r u i t  was a l so  computed as: 

v = F ji ~ ( t )  * ~ ( t )  * VV[) d t  

t c  

where V(W) describes the  ex-vessel p r i c e  per  pound o f  a  f i s h  o f  weight W. 

The usual i n t e r p r e t a t i o n  o f  y i e l d - p e r - r e c r u i t  models i s  t o  assume constant  r e c r u i t -  
ment and constant  f i s h i n g  and na tu ra l  m o r t a l i t y  f o r  a  per iod  o f  a t  l e a s t  t x  - tc 
years so t h a t  t h e  y i e l d  f rom a  cohor t  over i t s  l i f e s p a n  i s  t he  same as the  y i e l d  
dur ing  a  s i n g l e  year  from a l l  cohorts i n  t he  populat ion.  Optimum age of f i r s t  
r e t e n t i o n  i n  the  catch ( t c )  f o r  a  g iven l e v e l  o f  f i s h i n g  m o r t a l i t y  (F)  i s  then 
determined. Other in fo rmat ion  should be used t o  choose the  appropr ia te  l e v e l  of 
f i s h i n g  m o r t a l i t y  s ince y ie ld -pe r - rec ru i  t models do n o t  i nc lude  the  p o t e n t i a l  impact 
o f  o v e r f i  sh i  ng on recru i tment .  

Resul t s  of a  y i  e l  d-per- recru i  t model a r e  customar i ly  presented as a  response sur- 
face showing the y ie ld -pe r - rec ru i  t a t  p a r t i c u l a r  combinations o f  f i s h i n g  mor ta l  i t y  
and s i z e  o f  e n t r y  i n t o  the  f i shery .  With no hooking m o r t a l i t y  the  y ie ld -pe r -  
r e c r u i t  response surface fo r  sablef ish i s  r e l a t i v e l y  broad and f l a t  (F igure  10). 
Optimum r e t e n t i o n  s i z e  f o r  a  g iven l e v e l  of f i s h i n g  m o r t a l i t y  i s  shown by the  
l o c a t i o n  o f  t h e  "eumetri c  f i s h i n g  curve". Y i e l d  remains approximately t he  same 
over a  wide range of s i z e  l i m i t s  o r  d iscard  s izes  so t h a t  l i t t l e  y i e l d  i s  l o s t  
when the harvest  cond i t ions  are  va r ied  o f f  of the  eumetr ic f i s h i n g  l i n e .  However, 
a  model o f  a l o n g l i n e  f i she ry  w i t h o u t  hooking m o r t a l i t y  i s  simply n o t  r e a l i s t i c .  



Figure 10. Sabl ef ish  yie l  d-per-recrui t response surface w i t h  no hooking 
morta l i ty .  



Although hooking mortality has not been quantified, estimates of 25% to 75% have 
been received from U.S. long1 ine skippers ( B . B .  pers. obs. ) .  

When 35% hooking mortality i s  incorporated into the model, delayed harvest reduces 
the potential yield considerably, particularly a t  higher fishing mortali t ies (Fig- 
ure 11 ) .  While optimum yields are obtained a t  very small minimum retention sizes 
( <  41 cm), there i s  very l i t t l e  decrease in potential yields unless minimum reten- 
tion sizes are larger than about 50 an. 

If hooking mortality i s  increased to  50%, optimum yields are  obtained a t  even 
smaller minimum retention sizes (Figure 1 2 ) .  Minimum retention s izes  1 arger than 
47 cm cause s ignif icant  loss of potential yield.  Optimum s ize  l imits indicated 
by the eumetric fishing curve are very small, l ess  than 37 cm. 

Current sablefi sh ex-vessel prices vary considerably with f i sh  s ize.  In 1983 
western cut sablefish prices in the eastern Gulf of Alaska were approximately 
$0.32/lb for 3-5 lb  f i sh  and $0.65/lb for  5 Ibs and over f i sh .  Incorporating 
th i s  price structure into the model with 35% hooking mortality, the resulting 
landed value-per-recruit surface i s  shown in Figure 13. The landed value res- 
ponse surface i s  re lat ively f l a t  over a wide range of minimum retention s izes ,  
as was yield-per-recruit response surface. A s l igh t  ridge occurs in the surface 
a t  a minimum retention s ize  of 58 cm, because of the increase in price which occurs 
a t  t h i s  s ize.  Optimum minimum retention s izes  are  s l ight ly  larger than fo r  the 
yield-per-recruit surface. However, the landed value per recrui t  i s  within 6.5% 
of the optimum for  minimum retention s izes  between 40 and 58 cm a t  a fishing mor- 
t a l i t y  ra te  of .06. A t  an instantaneous fishing mortality ra te  of 0.14, landed 
value per recrui t  i s  within 2.9% of the optimum for  minimum retention s izes  between 
40 and 58 cm. 

Neither sablefish yield nor landed value per recrui t  a re  improved by the addition 
of s ize  l imits  or  market conditions which favor the retention of only large f i sh .  
By the time sablefish recrui t  t o  the fishery, the i r  period of rapid growth i s  
over, hence there are few advantages to be gained by delayed harvest. Although 
the natural mortality ra te  i s  low, apparently i t  i s  approximately equal to  the 
ra te  of production due to growth by the population until sablefish reach 45 to 50 
cm. A t  t h i s  s ize mortality begins to exceed growth so further delaying harvest 
only reduces yield and landed value. Altering minimum retention sizes below 45 
cm will have l i t t l e  noticeable e f fec t  on e i ther  yield or landed value. 

Non-Equilibrium Yield Projections ("EY") 

In order to  specify "EY" f o r  sablefish for  the Gulf of Alaska, current population 
parameter estimates were incorporated into an age structured simulation model. 
The model begins with an i n i t i a l  population a t  the beginning of 1983 and simu- 
la tes  recruitment, growth, natural mortality, and fishing mortality out to 1991. 
"EY" i s  determined here as the annual yield which causes no change in population 
biomass from the biomass present a t  the end of 1983. Since the age distribution 
does not s tab i l ize  within the time frame of the simulation, the populatf on i s  not 
a t  equilibrium and "EY" varies from year to  year. 

The resul ts  of the 1982 U.S.-Japanese longline survey are  used to  establish an 
i n i t i a l  age structure ranging from age 3 to  age 25 (Table 10). The length-fre- 
quency dis t r ibut ion observed in the longline survey was converted to an age- 



Figure  11. Sab le f i  sh y i e l d - p e r - r e c r u i  t response sur face  w i t h  35% hooking 
m o r t a l i t y  on f i s h  below the  minimum r e t e n t i o n  s ize .  



Figure  12. Sab le f i sh  y i e l d - p e r - r e c r u i t  response sur face w i t h  50% hooking 
m o r t a l i t y  on f i s h  below the  minimum r e t e n t i o n  s ize.  



Figure 13. Sablefish landed value per r e c ru i t  with 35% hooking morta l i ty  on 
f i sh  below the  minimum retent ion s i z e  and a pr ice  of $.32/lb per 
f i sh  l e s s  than 5 1b dressed and a price of $.65/l b f o r  f i s h  l a r -  
ger than 5 lb .  



Table 10. I n i t i a l  1983 r e l a t i v e  age d i s t r i b u t i o n  der ived from U.S. - Japanese 
long1 i ne survey,  used a s  i npu t  t o  non-equil i brium y i e l d  s imula t ion  
model. 



f requency d i s t r i b u t i o n  us ing  t h e  a l l o m e t r i c  growth f u n c t i o n  o f  Funk and Bracken 
(1983) f o r  n o r t h e r n  B r i t i s h  Columbia s a b l e f i s h .  T h i s  techn ique  o f  c o n v e r t i n g  
leng ths  t o  age tends t o  underest imate t h e  s i z e  of t h e  1977 yea r  c l ass  and t o  
overes t imate  t h e  s i z e  o f  t h e  ad jacen t  1976 and 1978 yea r  c lasses.  The two 1982 
s tock  s i z e  es t imates  of  Table 6  a r e  used t o  s e t  t o t a l  i n i t i a l  biomass. The model 
s t a r t s  w i t h  t h i s  i n i t i a l  popu la t ion ,  and s imu la tes  popu la t i on  s i ze ,  p o p u l a t i o n  
biomass, age s t r u c t u r e  and y i e l d s  ou t  t o  1992. Age 3  r e c r u i t s  e n t e r  t h e  popula- 
t i o n  each yea r  as the  average number o f  t h e  age 3  r e c r u i t s  of  t h e  1976, 1978, and 
1979 year  c lasses determined from t h e  U.S. - Japanese l o n g l  i n e  survey i n  1979, 
1981, and 1982. The 1983 harves t  i s  s p e c i f i e d  a t  t h e  m i d p o i n t  of  t h e  OY range 
of 8,849 m t  round we igh t .  F i s h i n g  i s  assumed t o  occur  con t inuous ly ,  yea r  round. 
The instantaneous r a t e  o f  n a t u r a l  m o r t a l i t y  i s  assumed t o  be 0.112. Growth i s  
assumed t o  occur  accord ing  t o  t he  n o r t h e r n  B r i t i s h  Columbia growth curve  o f  Funk 
and Bracken (1983). 

"EY"  depends upon t he  i n i t i a l  biomass es t ima te  used f o r  t h e  s imu la t i on .  " E Y "  f o r  
i n i t i a l  biomass es t imates  based on t h e  s tock  p roduc t i on  model ranges from 17,700 
mt t o  19,200 m t  round we igh t  (Table 11).  The i n i t i a l  1982 biomass es t imates  based 
on t h e  s tock  p roduc t i on  model o f  176,173 m t  f o r  a l l  ages r e c r u i t e d  t o  l o n g l i n e  
f i s h i n g  gear corresponds t o  a  biomass o f  171,240 m t  f o r  the  p o p u l a t i o n  aged 3 and 
a t  t he  end o f  1982. A  f i x e d  ha rves t  a t  t h e  m i d p o i n t  o f  t h e  OY range of 8,849 m t  
( round we igh t )  i s  removed f rom t h e  popu la t i on  i n  1983. A t  t h e  end o f  1983, t h e  
age 3+ biomass i s  180,800 mt. The 1984 ha rves t  which ma in ta i ns  the  p o p u l a t i o n  a t  
t h i s  l e v e l  ( t h e  " E Y "  ha rves t )  i s  19,200 m t  dressed weight .  The "EY" ha rves t  s l o w l y  
dec l  i n e s  t o  17,700 rn t  by  1991. 

The i n i t i a l  biomass es t imate  based on  Be r i ng  Sea t r a w l  area-swept and comparat ive 
l o n g l  i ne - t r aw l  sampl i n g  i n  t h e  A leu t i ans  was 263,289 m t  f o r  1982 (Sasaki  1983). 
Th is  corresponds t o  a  biomass o f  256,481 m t  f o r  f i s h  aged 3  and o l d e r  a t  t h e  end 
o f  1982. Assuming a  f i x e d  ha rves t  o f  8,849 m t  ( round we igh t )  i n  1983, t h e  age 3  
and o l d e r  biomass a t  t he  end of 1983 i s  274,400 mt. Wi th  average r e c r u i t m e n t  as 
p r e v i o u s l y  descr ibed,  t h e  "EY"  ha rves t  which m a i n t a i n  t h i s  biomass range f ram 
28,600 m t  i n  1984 t o  26,100 m t  i n  1991 (Table 12) .  

A  l a r g e  amount of  u n c e r t a i n t y  surrounds many o f  t h e  parameter es t imates  used i n  
t h e  model , p a r t i c u l a r l y  t h e  i n i t i a l  biomass and "average r e c r u i  tment" es t imates .  
Cur ren t  i n i t i a l  biomass es t imates  a r e  ex t reme ly  t e n t a t i v e .  The s tock  p roduc t i on  
biomass i s  based on a  v e r y  s i m p l i s t i c  model and uses r e l a t i v e l y  o l d  data,  n o t  
i n d i c a t i v e  o f  t h e  c u r r e n t  s t a tus  o f  t h e  f i s h e r y .  The l o n g l i n e - t r a w l  biomass e s t i -  
mate i s  based on a  s i n g l e  t r a w l  survey i n  t h e  A l e u t i a n  area. Abundance e s t i m a t i o n  
based on t r a w l  surveys i n  t h e  A l e u t i a n  area should be t r e a t e d  w i t h  c a u t i o n  due t o  
t he  ext remely  rough topography. "Average" r e c r u i t m e n t  i s  p robab ly  overest imated 
i n  t h e  model, because o f  t h e  leng th - to -age  convers ion techniques used i n  s p e c i f y -  
i n g  t h e  i n i t i a l  age d i s t r i b u t i o n  and i n  measuring t h e  r e l a t i v e  s t r eng ths  o f  r e c r u i t -  
ment f rom the  1976 through 1979 yea r  c lasses.  " E Y ' h o u l d  d e c l i n e  more r a p i d l y  i n  
t h e  model a f t e r  1984 i f  average r e c r u i t m e n t  had n o t  been overest imated.  Ac tua l  
s a b l e f i s h  r e c r u i t m e n t  i s  h i g h l y  v a r i a b l e  from year  t o  year .  I n c o r p o r a t i o n  o f  
s t o c h a s t i c  terms i n t o  t h e  r e c r u i t m e n t  process would p robab ly  decrease t he  l ong  
term "EY" ,  p a r t i c u l a r l y  i f  a  spawner - rec ru i t  mechanism was i nco rpo ra ted  i n t o  the 
model. 

P rev ious ly ,  "EY" f o r  t h e  Gulf of Alaska s a b l e f i s h  f i s h e r y  was determined by mod i fy -  
i n g  r e s u l t s  of Low and Wespestad's s tock  p roduc t i on  model by t rends  i n  abundance 



Table 11. Results of y i e l d  production f o r  "EY" approximation, assuming an i n i -  
t i a l  1983 biomass der ived  from stock-product ion model parameters of 
176,173 m t ,  corresponding t o  an i n i t i a l  bi omass of 171,240 m t  f o r  
ages  3 and o l d e r .  A 1983 ha rves t  a t  the midpoint of t h e  OY range of  
8,849 m t  (round weight)  i s  assumed. "EY" ha rves t s  i n  subsequent 
y e a r s  a r e  s p e c i f i e d  s o  a s  t o  maintain t h e  biomass p re sen t  a t  t h e  
end of 1983. 

Biomass a t  End o f  "EY" 
Year ---- I? .---. -------- Year (Age 3+ in mt) -..------.-.-------- (round [ur. in n ~ t )  

1984-1Y91 average: 



Table 12. Results of yield projection for  " E Y "  approximation, assuming an 
i n i t i a l  1983 biomass derived from trawl area-swept estimates and 
comparative trawl -long1 ine sampling of 263,289 m t  (Sasaki 1983), 
corresponding to  an i n i t i a l  biomass of 256,481 m t  fo r  ages 3 and 
older. A 1983 harvest a t  the midpoint of the OY range of 8,849 
m t  (round weight) i s  assumed. "EY" harvests in subsequent years 
are  specified so as to maintain the biomass present a t  the end of 
1 983. 

Biomass a r  End o f  -EY- 
Year - --- - F --- Iear-<4~.-_3~-b!!-?!_ti ---------------.--. O - O U ~ ~  w t t  i n  n1-t) 

1984-1'791 average: 26,900 



i n d i c a t o r s  throughout t he  Gulf of Alaska. Because o f  t he  l a r g e  amount o f  uncer- 
t a i n t y  i n  t h e  parameter est imates of t he  s imu la t i on  model, we recommend t h e  con- 
se rva t i ve  approach of ma in ta in ing  the  1983 "EY" values f o r  the  1984 f i s h i n g  season. 
These values range from 10,965 t o  12,630 m t  round weight f o r  t he  e n t i r e  Gu l f  o f  
Alaska (Table 2 ) .  

Optimum Y i e l d  (OY) 

Optimum y i e l d  i s  de f ined as the  y i e l d  which prov ides the  g rea tes t  o v e r a l l  b e n e f i t  
t o  t h e  na t ion .  Amendment 11 t o  t h e  Gu l f  o f  Alaska F ishery  Management Plan more 
s t r i n g e n t l y  spec i f ies  OY f o r  Gulf o f  Alaska sab le f i sh  a t  75% o f  t h e  EY l e v e l .  

Gul f-wide Harvest: 

Because movements of sab le f i sh  i n  the  Gu l f  o f  Alaska a re  s i g n i f i c a n t  (Bracken 
1982, 1983a; Sasaki 1979, 1980; Dark 1983) i t  i s  appropr ia te  t o  t r e a t  t he  Gu l f  
o f  Alaska as one stock when es tab l i sh ing  harvest  l e v e l s .  Regardless o f  t he  i n i -  
t i a l  biomass l e v e l  assumed, Gulf-wide "EY" shows a  s l i g h t l y  d e c l i n i n g  t rend  from 
1984 t o  1991. This d e c l i n e  i s  due t o  t h e  senescence o f  the  s t rong 1977 year  c lass.  
This  dec l i ne  would be more severe than i n d i c a t e d  i n  t h e  model i f  the  "average 
recru i tment "  were n o t  overestimated. The growth r a t e  o f  the  1977 year  c lass  has 
now slowed t o  the  p o i n t  where i t  no longer causes "EY" t o  increase. Subsequent 
year  classes have n o t  been s t rong and i n  the  absence o f  f u r t h e r  s t rong year  classes, 
EY w i l l  cont inue t o  dec l i ne  a f t e r  1983. Since the  increase i n  abundance and EY i n  
recent  years i s  a t t r i b u t a b l e  t o  t h a t  one year c lass,  i t  i s  unwise t o  increase the  
harvest  s u b s t a n t i a l l y  u n t i l  f u r t h e r  evidence o f  a d d i t i o n a l  s t rong year  classes are  
observed. Therefore OY should remain a t  75% o f  t he  EY t o  promote cont inued r e b u i l d -  
i n g  o f  t he  Gulf o f  Alaska s a b l e f i s h  populat ion.  The recommended OY i s  75% o f  t he  
upper range of t h e  1983 Gulf-wide EY o r  9,473 m t  round weight.  

Spa t i a l  A1 l o c a t i o n  o f  Gulf-wide Harvest: 

Whi le the  Gu l f  o f  Alaska sab le f i sh  resource should be considered as a  s i n g l e  s tock 
f o r  e s t a b l i s h i n g  o v e r a l l  harvest  l eve l s ,  u n t i l  the m i g r a t i o n  process i s  b e t t e r  
understood, i t  i s  appropr ia te  t o  a l l o c a t e  harvest  t o  s p e c i f i c  regions t o  prevent  
concentrat ions o f  f i s h i n g  e f f o r t  and the  p o t e n t i a l  f o r  l o c a l i z e d  dep le t ion .  The 
Gulf-wide harves t  should be a l l o c a t e d  t o  a  given area based on the  p ropo r t i on  of 
t h e  popu la t i on  i n  t h a t  area. The Japanese est imates o f  RPW by area (Sasaki 1983) 
p rov ide  the  o n l y  c u r r e n t  standardized Gulf-wide source o f  est imates of t h e  s p a t i a l  
d i s t r i b u t i o n  o f  biomass. Prev ious ly  used methods o f  a l l o c a t i o n  depended on the  
h i s t o r i c a l  pa t te rns  of catch i n  the  G u l f  o f  Alaska. Because o f  t h e  changes i n  t he  
nature o f  t he  f i s h e r y  i n  t he  l a s t  decade, t h e  s t rong i n f l u e n c e  o f  t he  1977 year  
class, and the  l a r g e  amount of movement now known t o  occur among areas, t h e  pre-  
v ious methods a r e  n o t  a  v a l i d  means o f  s p a t i a l  a l l o c a t i o n  o f  the harvest .  The 
c u r r e n t  harvest  a1 l o c a t i o n  i s  ou t  o f  p r o p o r t i o n  w i t h  t h e  est imates o f  r e l a t i v e  
popu la t i on  weight, p a r t i c u l a r l y  i n  the  Shumagin INPFC area. 

RPW f o r  the G u l f  o f  Alaska fo r  1981 t o  1982 from Sasaki (1983) a r e  shown by INPFC 
area i n  Table 13. The recommended harves t  a l l o c a t i o n  t o  areas i s  based on the  
average o f  t h e  1981 and 1982 RPW. Since RPU i s  n o t  a v a i l a b l e  f o r  t he  i n s i d e  waters 
of Southeastern Alaska, t he  catch a l l o c a t i o n  i s  based on the  average r a t i o  of 
i n s i d e  t o  ou ts ide  harves t  f o r  t h e  1978-1982 base per iod.  The recommended harvest  
a l l o c a t i o n s  based on an OY o f  9,473 mt a r e  shown i n  the  l a s t  column of Table 13. 



Table 13. Recommended s p a t i a l  a l l o c a t i o n  o f  t h e  G u l f  o f  Alaska s a b l e f i s h  har-  
v e s t ,  based on t he  average o f  t h e  1981-1 982 R e l a t i v e  Popu la t i on  
Weights (RPW) by INPFC area ( f r om Sasaki 1983), and t h e  recommended 
1984 O Y  ( round we igh t  i n  m e t r i c  tons) .  

RECOPIPIENDED 
- - - - - - RPW--- - -  AVERAGE tiARVEST 

AREA 15'81 1982 RPW ALLOCRTl  ON 
--..-..-..----- - - - - -  ----.. - - - - - - -  -----..-..--- 

!3E - Inside * .x (24794 1 8.0% 

SE - Outside 51123 4475% 47938 15+9% 

Y akutat  66712 A7076 66894 21.6% 

Kocl i a& 51640 79715 65678 ? i + 2 %  

Chiriltof 52437 87115 69776 22, SY. 

Shumagin 27851 41309 34580 ------ 11,2% 

Total : 100 +OX 

RECOMMENDED 
1984 OY 

RPW i s  n o t  a v a i l a b l e  f o r  Southeastern Alaskan i n s i d e  waters .  The recornended 
Southeastern Alaskan i n s i d e  waters  h a r v e s t  a l l o c a t i o n  i s  based on t h e  average 
r a t i o  o f  i n s i d e  t o  o u t s i d e  harves ts  between 1978-1982. 



DISCUSSION 

The review o f  a v a i l a b l e  s a b l e f i s h  i n fo rma t ion  h i g h l i g h t e d  many sources o f  con- 
f l i c t i n g  in format ion and revealed extensive gaps i n  the a v a i l a b l e  data. Some 
of the  shortcomings o f  the data r e s u l t  from d i s c o n t i n u i t i e s  i n  sampling caused 
by t h e  withdrawal o f  t he  f o r e i g n  f l e e t s  and t h e i r  replacement by  domestic f i s h -  
ermen. Others r e s u l t s  from the  f a c t  t h a t  o n l y  l i m i t e d  samples have been u t i l i z e d  
w i t h  r e c e n t l y  d iscovered techniques f o r  analyz ing b i o l o g i  ca l  data. I n  t he  near 
f u tu re ,  major e f f o r t  should be devoted t o  r e s o l v i n g  the  problems i n  the  sources 
o f  data on sab le f ish  catch and e f f o r t ,  growth, s tock s t ruc tu re ,  and stock abun- 
dance. 

Catch and E f f o r t  

There i s  no cons i s ten t  t ime se r ies  of ca tch  and e f f o r t  data from the  commercial 
s a b l e f i s h  f i s h e r i e s .  Current management i s  based on a  combination of U.S. and 
Japanese catch s t a t i s t i c s .  As the  f o r e i g n  f i s h e r y  i s  displaced, i t  w i l l  be neces- 
sary  t o  e s t a b l i s h  and main ta in  a  sampling program t o  rep lace f o r e i g n  observer data. 
On-board observers w i l l  be needed t o  determine d i sca rd  r a t e  and i n c i d e n t a l  species 
catch. Since s a b l e f i s h  a re  headed and gu t ted  p r i o r  t o  d e l i v e r y ,  on-board observers 
w i l l  a lso  be needed t o  ob ta in  i n fo rma t ion  on age, sex, and m a t u r i t y .  Dockside 
sampling and logbook programs w i l l  be needed t o  o b t a i n  i n fo rma t ion  on p rec i se  
l o c a t i o n  and amount of f i s h i n g  e f f o r t .  With these data, ca tch-per -un i t  e f f o r t  
from the  domestic f i s h e r y  can be used as an abundance i n d i c a t o r .  P a r t i c u l a r  em- 
phasis should be placed on ob ta in ing  rep resen ta t i ve  age samples from the  commercial 
f i she ry  so t h a t  cohor t  ana lys i s  techniques can be accura te ly  app l i ed  t o  s a b l e f i s h  
populat ions . 
Growth 

Recent aging techniques descr ibe s u b s t a n t i a l l y  d i f f e r e n t  growth ra tes  than depicted 
i n  t he  e a r l i e r  l i t e r a t u r e .  Standardized procedures f o r  u t i l i z i n g  the  new techn i -  
ques need t o  be agreed upon by a l l  agencies p a r t i c i p a t i n g  i n  the  management o f  
Gulf of Alaska sab le f ish  stocks. Current  s a b l e f i s h  agina data have been a l l  c o l -  
l e c t e d  from the eastern G u l f  o f  Alaska. Age s t ruc tu res  need t o  be obta ined from 
o ther  areas o f  the  G u l f  t o  i n v e s t i g a t e  reg iona l  v a r i a t i o n  i n  growth r a t e .  

Stock S t ruc tu re  

The r e s u l t s  o f  t he  e l e c t r o p h o r e t i c  s tud ies  are  inconc lus ive  l a r g e l y  because they 
depended on o p p o r t u n i s t i c  sampling r a t h e r  than sampling from spawning popu la t ions .  
I f  spawning migra t ions  o f  d i s c r e t e  stocks do e x i s t  f o r  sab le f i sh  and i f  these 
stocks a r e  mixed a t  o the r  t imes o f  the year, samples taken du r ing  non-spawning 
per iods w i l l  y i e l d  confusing r e s u l t s .  Samples of a d u l t  s a b l e f i s h  f o r  f u tu re  
genet ic  s tud ies  should be c o l l e c t e d  a t  the  t ime o f  spawning. 

Extensive l a r g e  sca le  tagging p r o j e c t s  have been conducted i n  recent  years by a  
number o f  d i f f e r e n t  agencies. Analyses o f  the tag  r e t u r n  data from these s tud ies  
have produced c o n f l i c t i n g  r e s u l t s  p r i m a r i l y  due t o  d i f f e rences  i n  t he  l e v e l  of 
s t r a t i f i c a t i o n  on the  analyses. Some tagging s tud ies  have detected s i g n i f i c a n t  
movements by s ize,  d i r e c t i o n  of movement, and area o f  recovery, t h a t  were n o t  e v i -  
dent i n  l ess  f i n e l y  s t r a t i f i e d  analyses. Sab le f ish  tag recovery data should f i r s t  



be analyzed w i t h  ve ry  f i n e  s t r a t i f i c a t i o n s .  I n  a d d i t i o n ,  a  da ta  base o f  a l l  
a v a i l a b l e  sabl  e f i  sh t agg i  ng in fo rmat ion  f rom a1 1  agencies should be e s t a b l  i shed  
so t h a t  s tandard ized analyses can be a p p l i e d  t o  a l l  sources o f  data.  

Stock Abundance 

S p e c i a l l y  designed s tock  abundance surveys were i n i t i a t e d  t o  p rov ide  Gul f -wide 
sampl ing coverage a f t e r  t h e  wi thdrawal  o f  t h e  Japanese l o n g l i n e  f l e e t  f rom t h e  
eas te rn  G u l f  began i n  1978. However, t h e  s t a t i s t i c a l  r e l i a b i l i t y  of t h e  abundance 
surveys has n o t  been reviewed. Pot  i ndex ing  i n  t h e  eas te rn  Gulf u t i l i z e s  r e p e t i -  
t i v e  sampl ing so t h a t  t h e  p r e c i s i o n  o f  t h e  abundance i n d i c a t o r  cou ld  be e a s i l y  
ca l cu la ted .  The des ign o f  t h e  U.S.-Japanese long1 i n e  survey does n o t  i n c l u d e  
r e p e t i t i v e  sampling, so t h a t  i t  i s  d i f f i c u l t  t o  eva lua te  t h e  s i g n i f i c a n c e  of i n t e r -  
annual and i n t e r - r e g i o n a l  t r ends  i n  t h e  abundance i n d i c a t o r s .  Thorough rev iews o f  
these surveys a r e  needed t o  determine i f  improvements can be made i n  sampl ing 
design. 

Long-term s a b l e f i s h  ha rves t  s t r a t e g y  depends on t h e  f requency o f  occurrence o f  
s t r o n g  y e a r  c lasses.  E x i s t i n g  shal low wate r  crab, shrimp, and g round f i sh  t r a w l  
surveys can be used t o  p rov ide  e a r l y  p r e d i c t i o n  o f  t h e  rec ru i tmen t  o f  s t r ong  yea r  
c lasses. The causes o f  t h e  v a r i a t i o n  i n  s a b l e f i s h  r e c r u i t m e n t  a r e  c u r r e n t l y  
unknown, b u t  a r e  p robab ly  r e l a t e d  t o  t h e  occurrence and t i m i n g  o f  oceanographic 
phenomena. Surveys o f  oceanographic c o n d i t i o n s  d u r i n g  e a r l y  s a b l e f i s h  l i f e  h i s -  
t o r y  should be used t o  determine some o f  t h e  causes o f  t he  v a r i a t i o n  and may enable 
even e a r l i e r  p r e d i c t i o n  o f  s t r ong  yea r  c lasses.  

Optimum Y i e l d  Leve ls  

The reduced harves ts  o f  t h e  p a s t  few years,  coupled w i t h  t h e  e f f e c t s  o f  t h e  s t r ong  
1977 yea r  c l ass ,  have promoted r e b u i l d i n g  o f  t h e  s a b l e f i s h  s tocks  i n  the  G u l f  o f  
Alaska. However, t h e  r e b u i l d i n g  i s  j u s t  now beg inn ing  t o  p r o v i d e  f i s h  o f  t h e  5 
l b  average s i z e  r e q u i r e d  f o r  t h e  U.S. f i s h e r y .  The 5 l b  s i z e  i s  a l s o  approx imate ly  
c o i n c i d e n t  w i t h  t h e  s i z e  o f  sexual m a t u r i t y  f o r  female s a b l e f i s h .  The s h i f t  i n  t he  
age d i s t r i b u t i o n  towards o l d e r  ages w i l l  a l s o  ensure s u f f i c i e n t  l e v e l s  of annual 
egg p roduc t i on  t o  c a p i t a l i z e  on t h e  r e l a t i v e l y  r a r e  occurrences of environmental  
c o n d i t i o n s  f avo rab le  f o r  l a r v a l  s u r v i v a l .  F u r t h e r  conserva t i ve  management of t h e  
G u l f  of Alaska s a b l e f i s h  p o p u l a t i o n  w i l l  be necessary t o  ensure t h a t  t h e  age d i s -  
t r i b u t i o n  f avo rs  h a r v e s t  o f  f i s h  o f  t h e  s i z e  r e q u i r e d  f o r  t h e  U.S. f i s h e r y ,  sus- 
t a i n s  t h e  p roduc t i on  o f  l a r g e  numbers o f  eggs and promotes con t inued  r e b u i l d i n g  
of  t h e  s tocks  t o  MSY l e v e l s .  

CONCLUSIONS 

1. S a b l e f i s h  growth i s  s u b s t a n t i a l l y  s lower  than  p r e v i o u s l y  thought .  As a  r e s u l t ,  
n a t u r a l  m o r t a l i t y  r a t e s  a r e  lower  than  used i n  e a r l i e r  model ing exerc ises .  

2. S a b l e f i s h  r e c r u i  trnent i s  ext remely  v a r i a b l e  and t h i s  v a r i a b i l i t y  must be taken 
i n t o  account  when e s t a b l i s h i n g  ha rves t  l e v e l s .  



3 .  Recent tagging s tud ies  show t h a t  s a b l e f i s h  movement i s  much greater  than 
p rev ious l y  thought, p a r t i c u l a r l y  f o r  young f i s h  i n  the  Gulf of Alaska. 
There a re  important  d i r e c t i o n a l  components t o  t h i s  movement t h a t  become par- 
t i c u l a r l y  ev ident  when tagging data are  s t r a t i f i e d  by f i s h  s ize.  

4. A l l o c a t i o n  of harvest  by area based on h i s t o r i c a l  catch data i s  inappropr ia te  
and should be adjusted p e r i o d i c a l  l y  based on index ing  resu l  t s .  

5. There does n o t  appear t o  be any advantage t o  e i t h e r  s e t t i n g  a  minimum s i z e  
1  i m i  t o r  de lay ing  the  harvest.  The y i e l d - p e r - r e c r u i t  models used t o  i n v e s t i  - 
gate s i z e  l i m i t s  address o n l y  t he  problems o f  growth ove r f i sh ing .  The prob- 
1  ems o f  rec ru  i tment o v e r f  i s  h i  ng cannot be addressed w i  t h  y i  e l  d-per- recru i  t 
models. The assumptions used i n  the  y i e l d - p e r - r e c r u i t  model apply t o  a  long-  
l i n e - o n l y  f i s h e r y .  

6. The Gu l f  o f  Alaska s a b l e f i s h  popu la t i on  appears t o  be improving, b u t  most of 
t h a t  improvement i s  due t o  the s t rong r e c r u i  tment o f  t he  1977 year  c lass.  

7. Gulf-wide sampling programs t o  est imate the  age d i s t r i b u t i o n  o f  t h e  catch need 
t o  be implemented i n  order  t o  improve the  p r e c i s i o n  o f  s a b l e f i s h  popu la t ion  
parameter est imates. 
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